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NMrPEAUCNOBUE CKOTTA MEUEPCA

B 1991 romy BblLIO TepBOe M3AaHUe KHUTU “DddekTBHOE Hcnoiab3oBaHue C++”
(“Effective C++7). B Hem mouTu He paccMaTpUBAIUChH 111a0JOHBI, TTOCKOJBKY B TO Bpems
OHU ObLIM HOBILECTBOM, U S O HUX MPAKTUUYECKM HUYEro He 3Hal. BKIloOYeHHbIE B KHUTY
HEMHOTOUYNCJICHHBIE (PparMeHTBI TIPOrpaMM, COAEPXKAIINX IIa0JIOHBI, I ObIT BBIHYXXICH ITO-
ChUIAThb I10 3JIEKTPOHHOM IOYTE OPYTUMM JIOASM, NOCKOJIBKY BCE IOCTYIIHbIE MHE KOMITWJISI-
TOPBI MX HE TTOIACPXKUBAJIH.

B 1995 rony s1 Hanucan kuury “Haunbonee acddexktrnBHOe ucnonb3oBaHue C++” (“More
effective C++”). U cHoBa moutu He yrnoMsiHyJs o 1absoHax. Ha aToT pa3 MeHsI 0OCTaHOBWJIO
HE OTCYTCTBME 3HaHWi (B MepBOHAYaJbHOM BapuaHTe KHMTIa cojaepxaia Lejylo rjaBy, Mo-
CBAIICHHYIO 3TOM TeMe) U He OrPaHUYEHHOCTh MOMX KOMITHJIATOPOB. I[IpOCTO BO3HMKIIO TTO-
JIO3peHre, YTO NMOHMMaHKWe POJU 1IAa0JIOHOB B cpelle MpOrpaMMUCTOB Ha sizbike C++ mpe-
TeprieBacT HACTOJbKO 3HAYMTEJIbHBIE M3MEHEHMS, YTO BCE MOM MBICIM TI0 3TOMY TOBOAY
MOTYT OBICTPO CTaTh OAHAIbHBIMM, MOBEPXHOCTHBIMU U JaXe OLIMOOYHBIMU.

DT MOJ03peHUsT BO3HUKIIU 110 IByM NpuunHaM. [lepBoii n3 HUX Obljla CTaThs, OMyOJIM-
KOBaHHasl B SIHBapcKoM HoMepe XypHaia “C++ Report” 3a 1995 roa [xoHom BbaproHom
(John Barton) u Jlu Hakmanom (Lee Nackman). B Heli onuckiBaioch mpuMeHeHUE 11a0J10-
HOB IJIs1 6e30MacHOro aHajau3a pasMmepHocTeil (typesafe dimension analysis) 6e3 momonHu-
TEJIBHBIX 3aTpaT MAIIMHHOTO BpeMeHU. SI caM JOBOJILHO JOJITO TIBITAJICS PEIIUTh 3Ty 3a1avy
Y 3HaJ, YTO APYrue MpOrpaMMUCThI TakKKe Oe3yCrelrHo JIoMaloT Hal Heil rosoy. PeBosio-
LIMOHHBIN TIOAXOM, TIpeIIokeHHbIN baproHoM 1 HakMeHOM, MOMOT MHE TIOHSITh, YTO C TO-
MOIIIbIO 11a0JIOHOB MOXHO HE MPOCTO CO3/aBaTh KOHTEWHEPHI, coaepKaliue 00beKThl Kiaac-
ca T, HO ¥ JOCTUYb HAMHOTO 00Jjice 3HAYMTEIbHBIX PE3yJIbTaTOB.

B kauecTBe WJUTIOCTpallMK 3TOTO IMOAXOAa PACCMOTPUM KOI, MpeAHa3HAUYEHHBIN IJIs1 yM-
HOXEHUS ABYX (PU3NYECKUX BEJIMUUH IMPOU3BOJLHON pa3MEPHOCTH.

template<int ml, int 11, int tl1, int m2, int 12, int t2>

Physical<ml+m2, T11+12, tl+t2> operator*(Physical<ml, 11, tl> Ths,
Physical<m2, 12, t2> rhs)
{

return Physical<ml+m2,T11+12,t1+t2>::
unit*Ths.value()*rhs.value(Q);

}

Haxe 0e3 oObsICHEHUIA, MPUBEIEHHBIX B CTaThbe, COBEPUIEHHO OYEBMIHO, YTO ITa IlIA0-
JoHHas dyHkums (function template) mosydyaeT 1ecTb mapameTpoB, HU OJWH M3 KOTOPBIX
He MpeacTaBsieT coboi Kakoi-1ubo Tun! DTo SIBUIOCH M1 MEHSI MPUSITHBIM OTKPBITUEM.

Bckope s cran usyuyath cTaHmapTHyo Oubnunoreky madnoHoB STL (Standard Templates
Library). Ota pa3paborka AnekcaHapa CrenaHoBa (Alexander Stepanov) BecbMa 3JieraHTHA.
B Heit KOHTelHepbl HUYETO He 3HAIOT 00 aJrTOpUTMax, aJlTOPUTMBI HUYETO HE 3HAIOT O KOH-
TeifHepax, UTepaTopbl (GPYHKIMOHUPYIOT KaK ykaszaTeJu (HO MOTYT ObITb OOBEKTaMM), KOH-
TeifHEepbl ¥ aJIFTOPUTMbI OTMHAKOBO YCIEITHO MOTYT TIOJyYaTh yKa3aTeJid Ha (yHKIIMU U ca-
MU (DYyHKUIUM B BUIIE OOBEKTOB, a MOJIb30BATEM OUOIMOTEKH MOTYT PACIIMPSITh €€, He TTPU-
Oerass K HacJIeoOBaHWIO OT KakKoro-ambo 06a30BOr0 Kijacca WIM TIepeolpeleIeHUIo
BUPTYaIbHBIX (GYHKUMIA. U TyT s modyBcTBOBan (Kak M MpU YTEHUM cTaTbu bapTroHa u
HskmeHa), 4To TIpakTUYECKU Hu4veeo He 3HAIO O I1abJIoHaX.

ITo 3TOIl MpUuMHE s HE cTajd MOYTH HUYEro mucatb o wabnoHax B kHure “Hawmbonee
adhdexkTuBHOE Mcnoab3oBaHue C++”. Kak s MOr kKacaTbCsl 3TOM TE€Mbl, €CJIM MO€ TTOHUMa-



HMe 11a0JOHOB OCTaBaJIOCh HAa YPOBHE KOHTEHHEPOB, comepKalluX OoObeKTHl Kiacca T, B TO
BpeMs Kak baproH, HakmaH, CrenaHoB M Apyrue MponeMOHCTPUPOBAIN, YTO TaKOE MPUMeE-
HEeHUE 1a0JIOHOB SBJSETCS JIMIIL BepIIMHON alicoepra?

B 1998 rony Annpeit Anexcanapecky (Andrei Alexandrescu) u s ctaqu OOMEHUBAThCS
COOOIICHUSIMU TIO 3JIEKTPOHHOW TTOYTEe, U BCKOPE S TMOHSJ, YTO MHE TIPUIETCS CHOBA M3Me-
HUTb CBOE MHeHUe o 11abioHax. B To BpeMs kak baproH, Hakman u CtenaHoB olueIoMUIn
MEHS TeM, 40 MOXHO CIIeJIaTh C TTIOMOIIbIO 1I1aGJIOHOB, AHAPEN MOpa3ui MeHsI, OOBSICHUB,
K@K 9TO MOXHO C/IeNaTh.

OpHa W3 TIPOCTEMINUX Bellei, KOTOpPhle OH TOMOT MHE W3JIOXWTb B OOIISIOCTYITHOMN
(bopme, 10 cux Mmop ocraeTcsl MPUMEPOM, KOTOPbIN 51 TIEPBbIM MPUBOXY JIOJASM, HAUMHAIO-
UM paboTaTh B 3TOI 0OJacTu. DTO WAOJIOH CTAssert, MpeacTaBisIoNMii coboi aHaor
Makpoca assert, HO TMO3BOJISIIOUIMI MPOBEPSITH YCJAOBUSI BO BpeMsl KOMMIWISILUM, a HE BO
BpeMsT BBITIOJIHEHUST TIPOTPAMMBI.

template<bool> struct CTAssert;

template<> struct CTAssert<true> {};

Bor u Bce! OOparuTe BHMMaHWE Ha TO, UYTO OOBIYHBINA 111a0JOH CTASSert HMIAEC He
onpenensercs. boiee Toro, oH KOHKPETU3MPOBAH TOJBKO JUIA 3HAYCHUS true, HO He IS
false. To, 4TO ecThb B 3TOM IIa0JIOHE, HE MEHEe BaXXHO, YeM TO, 4e20 68 Hem Hem. DTO
3aCTaBIsIeT TIOCMOTPETh Ha KOA OTOro IIabjioHa TOA JAPYIMM  YIJIOM, ITOCKOJBbKY
OKa3bIBaeTCsI, YTO OoJblllasg YacThb €ro “MCXOMHOrO Koja” OCO3HaHHO MPOUTHOPUPOBAHA.
OTOT 00pa3 MBIIUIEHUS] COBEPIIEHHO OTIMYaeTcss OT obuienpuHsitoro. (B sroit kHure
AHppeit o0cyxxaaeT 6oJiee CIOXHbIN 111a0J10H CompileTimeCheker.)

B wurtore Anapeil mpuCTymwI K pa3paboTKe IIabJIOHHO-OPUEHTUPOBAHHOW peau3aiuu
pacnpocTpaHeHHbIX SI3bIKOBBIX MAUOM (language idioms) W 111aGJOHOB MPOEKTUPOBAHUS,
0cobeHHo 1abnoHoB GoF!. D10 BBI3BANIO MEpenanKy B Cpele pa3padoTYMKOB ILAGIOHOB,
TTOCKOJIbKY OHU OBLIM abCOIOTHO YOEXIEHBI, YTO 3TH I1abJOHBI HEBO3MOXHO 3aIlporpam-
MupoBaTh. Korna crajno sicHo, yTo AHApeN co3gal CpeacTBa sl aBTOMaTUYECKOro reHepu-
pPOBaHUS peasusayuii MaOJIOHOB, a He JUIS TPOrpaMMUPOBAaHMS COOCTBEHHO Ia0JOHOB, BO3-
paxeHwus1 ObLIM CHITHI. MHe OBLIO NMPUSITHO Y3HATh, YTO AHApPE M OOVMH U3 pa3pabOTYMKOB
mwabnoHoB GoF (IxoH Brauccumec) BMecte Hamucanud jaBe cTaTbu B KypHaie “C++
Report”, nocpsilieHHbIE 3TOIl TeMe.

Crnemyst BBIOpaHHOMY HarpaBJIeHHUIO, CBSI3aHHOMY C I1aGJIOHAMU UI TeHepalud WANOM U
peanu3aursMy 111a0JI0HOB MPOEKTUPOBaHUSI, AHAPEl CTOJKHYJICS ¢ MpobjaeMaMu, CTOSIIMMU U
Triepe]1 APYTUMH TIPOTpaMMKCTaMH, paboTaIOIIMMU B 3TOl 061acTu. JJo/pkHa i TTporpaMma ObITh
Oe3omnacHoil B MHOrorotoyHoi cpese (thread safe)? Otkyna 6paTh NOMOMHUTENBHYIO MAMSITh: U3
Ky4M, CTeKa WIM TyJia cTaThueckor mamsatu? HyxXHO M mepen pasbIMEHOBAaHMEM WHTEIUICKTY-
IbHBIX yKazartesieil (smart pointers) MpoBepsiTh, paBHbI JIU OHU Hymo? YUTo ciyduTcs npu 3a-
BEpIICHNM TIPOTpaMMBI, €CJTM OOWH AECTPYKTOp CUHIJITOHA (singlton's destructor) morbITaeTcst
KCIOJIb30BATh YK€ YHUUTOXKEHHBII CUHIITOH? AHIpeil CTpeMWIICs MPeAIOXUTh MOIb30BaTESIM
MaKCUMaJTbHO IIMPOKUI BEIOOP BO3MOXKHOCTEH, HE HaBA3hIBAas CBOETO MHEHMUSI.

OH pellnJl MHKAIMCYJIMpoBaTh 3TU pPelleHUs B BUlle Kaaccog cmpameeuii (policy classes),
YTO TIO3BOJIWJIO TIOJIB30BATENISIM TIepeaBaTh MX KakK IabJIOHHBbIe MapamMeTpbl. KpoMe Toro,
AHZpe MPeaToXU sl 3TUX KJIaCCOB pa3yMHble 3HAUEHMS MO YMOJIYAHMIO, TaK YTO OOJb-

! Hasanue 5Tux 111aGJIOHOB MPOYMCXOIUT OT cioBocoueTaHust “Gang of Four” — “BaHnma uersipex”.
B cocraB aroit “Ganmpl” Bxomwiu Erich Gamma (Opux lamma), Richard Helm (Puwapa Xenwm), Ralph
Johnson (Panbd TxoHcoH) u John Vlissides (JIxxoH Bimccunec), HanmucaBlIie OCHOBOMNOJIATAIONIYI0 KHUTY
Design Patterns: Elements of Reusable Object-Oriented Software (Addison-Wesley, 1995).
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IIWHCTBO KJIMEHTOB MOXET MX MPOCTO UTHOPUPOBaTh. Pe3yiabTaT okasasicsi moTpscarolimm!
Hanpumep, 1mabaoH st MHTEJUIEKTYaJIbHOTO yKa3aTelisl, ONMUCAHHbIA B KHMTE, MOJydyaeT B
BUJIe TTapaMEeTPOB TOJIbKO 4 Kijiacca cTpareruii, a reHepupyeT O6osiee 300 pasHbIX TUTIOB WH-
TeJIEKTyalbHbIX yKa3zaTeseil, Kaxkablii U3 KOTOPbIX 00JaaeT YHUKAIbHBIMA OCOOEHHOCTSIMU
noseneHusi. [IporpaMMuUCTBI, OCBEIOMJIEHHBIE O TOBEIEHUY MHTEJUIEKTYaJbHOTO yKa3aTes,
3a]aHHOM TIO YMOJIYaHUIO, MOTYT BOOOILle MPOUTHOPUPOBATh MapaMeTphbl, MPEACTABISIONINE
c000i1 KJaccel cTpaTervii, ykazaB JIMIllb TUM OOBbEKTa, HA KOTOPbI OH JOJKEH CChLIAThCS.
DTO MO3BOJIIET UM M3BJIEKATh BHITOMY M3 MPEKPACHO CAEIAaHHOTO Kjacca s UHTEJUIeKTY-
aJIbHOTO yKazaTeJisl, He TIpujarasi HUKakux yCUJIUid.

B KOHIIe KHUTU PACCMOTPEHBI TPU Pa3HbIE TEMbI, IPUYEM ISl KaXJI0M U3 HUX BbIOpaH
CBOU crioco0 u3noxeHusi. Bo-mepBbIx, MpeACcTaBieH HOBBIM B3TJISAI HA MOIIb U TMOKOCTh
wabsoHoB B s3bike C++. (Eciu, mpouudTaB maTepuas, MOCBSIIEHHBI CIUCKAM TUIIOB
(typelists), BbI HE CBaJIMJIUCh CO CTyJia, 3HAYUT, Bbl CUIEAMU Ha Mojy.) Bo-BTopbiX, ykasa-
Hbl OPTOrOHaJbHbIE HAIpaBJeHUs, 1O KOTOPbIM MIMOMbBI U peaiu3allii 1Ia0JOHOB MOTYT
oTIM4aTbCd ApPYyT OT apyra. s pa3paboOTUMKOB 111a0JIOHOB M MPOTPAaMMUCTOB, 3aHUMAlO-
LIMXCSl peayn3aliMeil 111abJoHOB MPOEKTUPOBAHUS, 3Ta MHGOPMaLUsl KpaliHe BaxKHa, Of-
HAKO BbI BpsII JIM Haiiiere ee B APYrMX MCTOYHMKAX. B 3akitoueHue, yuTaTe M MOTYT
CBOOOJHO 3arpy3uTb MCXOAHBIM Koa Oubauvoreku adbioHoB Loki, omucaHHOIl B 3Toit
KHUTE, U U3y4UTh ee coaepxkaHue. C ee TMMOMOIIbI0O Bbl MOXETE HE TOJbKO MCIBITATh CBOU
KOMITWJISITOp, HO M HayaThb COOCTBEHHYIO DPa3paboTKy. Pazymeercs, Bbl MOXeTe BITOJHE
3aKOHHO MCII0JIb30BaTh KO, HamMCaHHBbIM AHApeeM, s cBouxX 1eieid. I abcomoTHO
YBEPEH, YTO €My 3TO OyJeT MPUSITHO.

Ckott Meiiepc (Scott Meyers)
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NMrPEaAnCNOBUE XXOHA BJINCCUAECA

Yr1o HOBOro MOXHO cKazath O s13bike C++? Oka3sbiBaeTcsl, O4YeHb MHOTO. DTa KHMUTra MoCBsI-
IIeHa CIMSIHUIO Pa3HBIX CIIOCOOOB TMPOTrpaMMMPOBAHUS — OOOOGIIEHHOTO MPOrpaMMUPOBAHUS,
IIAGJIOHHOTO METaNpOrpaMMMPOBAaHUS, OOBEKTHO-OPUEHTUPOBAHHOTO TIPOrPaMMUPOBAHUS 1
pa3paboTKy 111a0JI0HOB MPOEKTUPOBAHUS — B pPaMKax HOBOTO noaxona. 1o cux mop 3TW Hampas-
JICHWs] B MPOrpaMMHPOBAaHUM PAa3BUBAIMCh M30JIMPOBAHHO APYT OT APYra, U BBITOMABI, MOJYyYEH-
HBIe OT MX OObEIMHEHUS, JINIIIb HAUMHAIOT TIOJTyYaTh JOCTOMHYIO OLIEHKY. DTO CIMSIHUE OTKPBI-
BaeT HOBbIE TMEPCIEKTUBBI IS si3bika C++ He TOJIBKO C TOYKU 3peHUsT COOCTBEHHO IPOrpaMMU-
pOBaHUS, HO UIST Pa3pabOTKM TIPOrpaMMHOTO obecriedeHust B 1ieioM. OCOOEHHO 3HAYUTETTBHO
9TO MOBJMSIET HA aHAIU3 MTPOrPaMMHOI0 00ECTIEUEHUS U €r0 apXUTEeKTYpy.

OO00011IeHHBIE KOMIIOHEHTBI, CO3JAaHHBbIE AHApeeM, MOJHWUMAIOT YPOBEHb abCTpakuUu
HACTOJIbKO BBICOKO, 4TO s13bIKk C++ mpuobpeTaeT 4yepThl sI3biKa crieurMUKaLUil TPOeKTUPO-
BaHus (design specification language). [Ipu 3ToM B oTiiMuue OT y3KOCIElMaIu3upPOBaHHbIX
SI3BIKOB MPOEKTUPOBaHUS sI3bIK C++ coXpaHSIET BCIO CBOIO MOILb U BbIPA3UTEIbHOCTb. AH/I-
peit TIPOJeMOHCTPUPOBAJT, KaK MPOrPaMMUPYIOTCS KOHUEIIIMU TTPOSKTUPOBAHUS: CHHTJITO-
Hbl (singletones), MHCHeKTOphbI (Vvisitors), 3amectutenu (proxies), adbcTpakTHble (abpuku
(abstract factories) u T.m. MoXHO maXXe HAcTpaumBaThb T'OTOBbIE KOMIIOHEHTHI C ITOMOIIBIO
1abJOHHBIX NapaMeTPOB, HE PACXOAYs TOMOJHUTEILHOIO MallMHHOrO BpeMeHU. He HyXHO
BBIOpAchIBaTh Kydy JE€HeT Ha pa3paboTKy HOBBIX MHCTPYMEHTAJIBHBIX CPEICTB WJIM M3yYaTh
TOMa METOAOJOrMYECKOil TapabapluyMHbl. JlOoCTaTOYHO MMETh HAJEXHbI COBPEMEHHBIM
KOMITWJISITOP (M 3Ty KHUTY).

PazpaboTunku reHepaTopoB Kona AOJTHE Tofbl obeulaiv oOecneyuTh UX COBMECTU-
MOCTb, HO TEOPETUYCCKUE MCCIEAOBAHUSA U MPAKTUUYESCKUI OMBIT yOeaUIN MEHsI, YTO J0C-
TUYb ITOM LieJIU HeBO3MOXHO. OCTalOTCsl HEepellEeHHBIMU MPOOJEeMbl MOJHOTO 00Xoaa Je-
peBa TIOMCKa, TeHepalluu HEJIOCTaTOYHO KauyeCTBEHHOTO Koja, HEernMOKWX TeHepaTopOB,
HEeYUTabEeIbHOCTU CTEHEPUPOBAHHOTO KO/A U, pa3yMeeTcs, IIIMPOKO M3BECTHas Mpodiema,
KOTOPYI0O MOXHO chOopMyIupoBaTh Tak: “SI He MOTry BCTaBUTb 3TOT IMPOKIATHIA KOI B
cBoto nporpammy”. Kaxmoit n3 3toil mpobjieM AOCTaTOYHO, YTOOBI 3aBECTU MPOrpaMMU-
CTa B TYNMHUK, a BMECTE OHM CO3MAIOT MPAKTUYCCKN HETIPEOMOJMMBIC TIPEIISITCTBUS JUISI aB-
TOMAaTUYECKON reHepaluuu Koja.

Kak Ob1710 OBI XOPOIIO MOJYYUTh BCE TEOPETUUYCCKUE TTPEUMYIIECTBA aBTOMATUYEeCKOM
reHepauuu Kola — CKOpPOCTb, JIETKOCTb pealu3allii, COKPALIEHHYK W30bITOYHOCTD,
MeHbllee KOJIUYECTBO OLIMOOK, OJHOBPEMEHHO U30eXKaB €ro MpakTUYeCKUX HEeIOCTATKOB!
WmenHo 31O obemiaeT moaxond, IpemIoXeHHbH AHapeeM. OO00O0ILIeHHBIE KOMITOHEHTHI
(generic components) peaau3yloT yoauHble CXeMbl B BHUIE YIOOHBIX IS MUCIOJb30BaHUS,
MOJAAIOIINXCS CMELIMBAHUIO M TOIXOASIIMX JUISI pellieHus] 3amauu 1abjoHoB (mixable-
and-matchable templates). DTi 1aGI0HBI Aeal0T MPAKTUYECKU TO XKe, UTO U TeHepaTophl
KOJla: CO3Mal0T CTEPEOTUITHBIC (hparMEeHTHl Koma ISl AajibHellei 00paboTKU ¢ TTOMOIIIBIO
KoMmmnuisitopa. OTau4yue 3aKJII0YaeTcss B TOM, YTO 11a0JOHBI MO3BOJSIOT cliejaTh 3TO, He
BBIXOAS 3a paMKM s3bika C++. B pe3syabTaTe MPOUCXOAUT IMOJHAS MHTETpalys MOJydeH-
HOTro KOJa ¢ UCXOAHBIM KOJOM TpujoxeHus. IIpy 3ToM ocTaeTcss BO3MOXHOCTb UCIOJb-
30BaTh BCIO MOIIb SI3bIKA, PacIIUpsisl KJIAcChl, 3aMelllas METOAbl W TIOATOHSS I1a0JIOHBI
MOJ CBOM TPeOOBAHMSI.



HCKOTOprC M3 OIMMCAHHBLIX IIPUEMOB IIPOTrpaMMHUPOBAHUA OJOBOJIbBHO TPYOAHO ITOHATD,
0COOEHHO 11a0JIOHHOE MeETarnporpaMMmMpoBaHUEC, paCCMOTPEHHOEC B TIJIaB€ 3. O,E[HaKO, OCBO-
B €ro, Bbl CMOXECTC INIOCTUYb BCIO TCOPUIO 0000IIIEHHBIX KOMIIOHCHTOB, KOTOPLIC IIPAKTU-
YecKM caMu ce0sl co31alT. DT KOMITOHEHThI OMMCAaHbI B nocCIeaAyoIUX IjiaBax. a Jymaro,
YTO IIA0JIOHHOE METarporpaMMmpOBaHUEC, M3JIOKCHHOC B TIJIaBC 3, camMo 10 cebe ITOCTOMHO
oTHeabHOM KHUTU. OcCTajbHbIe IECATh IVIaB OCBELIAIOT CIOCOOHI €ro IIPUMECHCHMUAA. Hecwmor-
P4 Ha TO 4YTO ACCATL IJlaB — 9TO JOBOJIbHO MHOI'O, Ballll MHBCCTULIUU OKYIIATCA CTOpI/ILIGfI.

IxxoH Bauccunec (John Vlissides)
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NMPEANCIIOBUE

Bo3moxkHO, BbI AepKUATE 3Ty KHUTY B PyKax, HaXOIsICh B KHVKHOI JIaBKe, pa3myMbIBasi, 1O~
Kynath Jiu ee? A MOXeT ObITb Bbl MPUIILIM B OUOIMOTEKY U pellaeTe, CTOMT JIM TPaTUTh BpeMsl Ha
3Ty KHUTY? 3Halo, YTO Y Bac HET BpeMeHH, M03ToMy Oyay kpatok. Eciv Bbl Korga-imbo mHTepe-
COBAIMCh, KaK HY>KHO IMUCATh MPOrpaMMbI BHICOKOTO YPOBHSI Ha si3bike C++, Kak CITpaBUTHCS C
JIABUHOW MEJIKMX JieTajiell, 3arpOMOXIAMOIIMX TaXKe CaMylo TPOCTYIO Mporpammy, WM Kak CO3-
JIaTh KOMITOHEHT, MPUTOMHBIN /sl TOBTOPHOTO MCMOIb30BaHMsI, KOTOPBIN HE HYXXHO pa3padaTbl-
BaTh 3aHOBO JJIS1 KAXKIO0TO HOBOTO TIPWJIOKEHMSI, TO 3Ta KHWUTA [UIsl Bac.

IIpencraBbTe cebe Takyto KapTUHY. Bbl MPUXOLMTE ¢ MPOM3BOACTBEHHOIO COBELLAHMS, HECS B
pyKax Tpyay IuarpamMM, Ha KOTOPBIX HallaparaHbl Bali KoMMeHTapuu. O'Kelt, TOBOPUTE BBI, THIT
COOBITHS, NIEPEaBAEMOr0O OT OJHOIO OOBEKTA K JPYIoMy, B JIIoOOM ciiyyae He char. OTo — TuIl
int. M Bbl U3BMeHsieTe OIHY CTPOKY B Ballieii nmporpamme. MHTesIeKTyalbHbIN yKa3aTeab Ha 00b-
eKT Kiacca Widget paboTaeT CIMIIKOM MEJIEHHO, €ro CJIeAyeT cleaTb HEKOHTpoaupyeMbiM. U
Bbl M3MEHsieTe elle omHy CcTpoKy. Pabpuka OOBEKTOB HOMKHA MOAIEPXKMBATh HOBBIN KJlacc
Gadget, nobaBieHHbIN coceqHUM oTaeoM. M Bbl CHOBa U3MEHsIETEe OHY CTPOKY.

Bbl 3akoHYMIM pa3paboTKy cBoeit mporpaMmbl. Komnuiupyete. CasizbiBaeTe. ['0TOBO.

OrmmunHo! He kaxercst 1 BaM, 4TO B 3TOM CLIEHapUM YTO-TO He Tak? HamHoro mpapmormo-
JIOOHEe BBIIVISIIUT CIIEMYIOLEe pa3BUTUE COOBITHMIA. Bbl MpHUXOmuTe ¢ MPOM3BOICTBEHHOIO COBE-
IAHWST B3MbIJIEHHBI, TTOCKOJIbKY BaM MPEICTOUT BHITIOJIHUTH Kydy paboThl. Bbl 3amyckaere 1io-
OaibHBIA MoOMCK. Yaasiete ¢parMeHT. [loGaBimsiere pparmeHT. Jenaere ommbku. Kcnpasisiere
omm6Oku... B 3TOM 1 3akmovaercst paboTa mporpaMMICTa, He Tak Ju? XOTS 3Ta KHWATA M He Ta-
pPaHTUPYET BaM UCIOJHEHUE TMEPBOro CLUEHApUsi, OHAa TTOMOXET BaM MPOMTHA HECKOJIBKO 1IAaroB B
5TOM HampaBJIeHUU. 3/IeCh TIPEANPUHSITA MOIbITKA TTPEACTaBUTD SI3bIK C++ B HOBOM KauecTBe —
sI3bIKa TS pa3pabOTKK apXUTEKTYPhl TIPOTPAMMHOTO 00ECTIEYECHUS.

TpanuiMOHHO KON MpeacTaBiisieT co0oil Hanbosiee NeTATM3UPOBAHHBINA U CIOXHBIN ac-
MEeKT TPOrpaMMHOro obecrieueHus. McTopmyeckn, HECMOTpsI Ha CYIIECTBOBAaHUE SI3BIKOB
pa3HbIX YPOBHEW, TMpeAHAa3HAYEHHBbIX [UI TONIEPXKUA METONOJIOTUI MPOEKTUPOBAHUS
(HanmpuMep, OOBEKTHOI OpUEHTALMM), MEXIY TMPOEKTOM MPOTrpaMMbl M €€ KOIOM JIEXKUT
MporacTb. OT0 00YCIOBIEHO TEM, YTO B KOJE JOJDKHBI ObITh YUTEHBI BCE MeJbyailline AeTa-
JIU peaqn3alui U MHOXECTBO IPYTUX MOOOYHBIX MOMEHTOB. Llesb mporpaMMbl B OOJIBIINAH-
CTBE CJTyyaeB CKPbIBAETCSI 32 MHOXECTBOM IMOAPOOHOCTEN.

B oT1oii KHUTE mpencTaBieHa KOJUIEKLMS TPUTOIHBIX K TMOBTOPHOMY MCIOJIb30BAHUIO
MPOEKTHBIX PEllIeHUIl, Ha3bIBAEMbIX 0000uieHHbIMU KoMNOHeHmamuy (generic components), a
TakXke CrocoObl ux pa3padotku. OO0O0IIEHHBIE KOMIIOHEHTHI TIPEIOCTABISIOT M0JIh30BaTENIO
XOPOILIO U3BECTHBIE BBITOMbI, CBOMCTBEHHbIE OMOJIMOTEKAM, OJJHAKO OHM MPUTOAHBI il 00-
Jiee IIUPOKOTO CIEKTpa CUCTEMHBIX apxuTeKTyp. [IpueMbl KOIMpPOBaHWS W pealn3aiuu
CKOHIEHTPUPOBAaHbl Ha 3a7ayaXx U MOMEHTaX, TPAAULMOHHO MPUCYIIMX MPOEKTUPOBAHUIO,
KOTOpOE OOBIYHO Hpeduiecmgyem COOCTBEHHO KOAMPOBAHUIO TporpaMm. biaromapsi cBoemy
BBICOKOMY YPOBHIO a0CTpakiiMu 00001EHHbIE KOMIIOHEHThI TTO3BOJISIIOT HEOObIYAHO BbIpa-
3UTENIbHO, CXATO 1 JIETKO OTOOpaXaTh B KOJE CIOXHBIE apXUTEKTYPHI.

B 0000111eHHBIX KOMIIOHEHTAaX BOTUIOUIEHBI TPY BETBM MPOrpaMMUPOBAHMS: MPOEKTUPO-
BaHUe 111a0JI0HOB, 00001IeHHOe TporpamMmMupoBaHue U s3bik C++. KomOuHanus stux ae-
MEHTOB MO3BOJIWJIA JOCTUYb BBICOKOTO YPOBHSI TOTOBHOCTU KOJa K MOBTOPHOMY HCIMOJIb30-
BaHWIO, YCJIOBHO TOBOPSI, KaK B TOPU30HTAJIbHOM, TaK M B BEPTUKAJIbHOM HAaIlpaBJIEHUSIX.



B ropusoHTasibHOM HarnpaBjieHWM HEOOJIbIIOE KOJIUYECTBO OMOJIMOTEUYHOrO KO/a TMO3BOJISIET
peayin3oBaThb OTPOMHOE — B MPUHLIKIE, OECKOHEUHOE — KOJMYECTBO CTPYKTYp U Moneseit
noBeieHUs1. B BepTHMKaJIbHOM HAaIpaBiIeHWU CTeNeHb OOOOIIEHHOCTU 3TUX KOMIOHEHTOB
JIeJIaeT UX MPUTOAHBIMU IS IIMPOYANIIIEro Kpyra rmporpaMm.

CBouM MOSIBAEHNEM KHUTA 00s13aHa MPOEKTHPOBAHMIO 111a0JIOHOB, KOTOPOE TMO3BOJISIET CO3M1A-
BaTb MOIIHBIE CPEACTBA DEIIEHUs YacTO BCTPEUAIOIIMXCS 3amady OOBEKTHO-OPMEHTHUPOBAHHOM
paspabotku mporpamm. IIpoekTupoBaHue 1a0JIOHOB — 3TO TIIATEbHO OTOOPAaHHbBIE MPUMEPbHI
XOpollIeil pa3pabOTKU — PELENThl MPABUIbHBIX, MPUTOAHBIX K TOBTOPHOMY WCIOJIb30BAaHUIO
pellieHui 3amay, BOZHMKAIOIIMX B Pa3IMUHbIX obnacTsix. OCHOBHOM 3aiaueil MpOeKTUPOBAHUSI
11abJIOHOB SIBJISIETCSl CO3MAHME CONEPKATEIbHOTO JISKCMKOHA (suggestive lexicon) mjist Boruioiae-
MbIX pa3paboToK. DTH 111a0JOHBI OIMKMCHIBAIOT 3a7ayy, ¢ MPOBEPEHHOE BPEMEHEM pelleHUe C
pa3HbIMU BapyMaHTaMM, a TaKKe TOC/IENCTBUSI BbIOOpa oqHOro 13 Hux. [IpoekTrpoBaHue 1abio-
HOB HE CBSI3aHO C KOHKPETHBIMU SI3bIKaMM MporpaMmmupoBaHusi. Ciieysi onpe/eseHHbIM 11a0J10-
HaM TIPOEKTUPOBAHWS U KOMOWMHUPYS UX JPYT C IPYTOM, KOMITOHEHTBI, TIPEACTABICHHbIE B 3TO
KHUTE, CTPEMSITCSI OXBATUTh Kak MOXHO 0oJiee IIMPOKUI KPYT KOHKPETHBIX 3a/1a4.

O00011IeHHOE MPOrpaMMHUPOBAHUE — 3TO MApaauIrMa, B LIEHTPE KOTOPOil JiexXaT abCTpakTHBIE
TUIIbI, Y3KUI HA0Op (PYHKIIMOHAIBHBIX TPEOOBAHUIT U AJTOPUTMBbI PEAU3ALIMM, BbIPAXKEHHBIE B
TepMUHAaxX 3TUX TpeboBaHUiA. [TOCKOMbKY allrOPUTMbI CAMU OTIPEAEISIIOT TOYHYIO U TECHYIO CBSI3b
C TUTIaMU, KOTOPbIMU OHM MOTYT MaHMIYJIMPOBaTh, OMUH Y TOT XK€ aJITOPUTM MOXHO TIPUMEHSTh
JUIST pabOThI C IIMPOKUM CIEKTPOM TUIIOB. ISl peanuzaliuv airOpuTMOB, MPUBEAEHHBIX B 3TON
KHUWTE, UCTIOJIb30BaHbl METObl O0OOIIEHHOTO MPOrpaMMUPOBaHUs, TTO3BOJISIIOIINE TOCTUYb MU-
HUMAJILHOM CTIelM(UYHOCTH, HEBEPOSITHON JIAKOHUYHOCTU U 3¢h(DEKTUBHOCTU, MPUCYLIUX MPO-
rpaMmam, TiaTeJIbHO pa3pabOTaHHBIM BPYYHYIO.

B kauecTBe cpenctBa peajiM3alluM B KHUTE MCIOJNb3yeTcsl TOJAbKO s3Ik C++. B aToOl
KHUTe Bbl HE HalijieTe KOjia, Pealu3ymIIero M3sIIHbIE CUCTeMbl OKOHHOTO HMHTepdeiica,
CJIOXXHBIX OMOMMOTEK M1 CETEBOTO MPOTPAMMUPOBAHUS WM MHTEJUIEKTYATbHBIX MEXaHU3-
MoB peructpanum (logging mechanisms). BMecto 3T0oro BEI OOHapyxKuTe Maccy 0Oa30BBIX
KOMIIOHEHTOB, KOTOpble OO0JIeryaloT pellleHWe KaK BCeX OMMCAHHbBIX BbIlE 3aaay, TaKk U
MHOTUX Jpyrux. s pa3paboTKu 3TMX KOMIIOHEHTOB si3blk C++ kpaliHe HeoOxomum. Jle-
JKallMii B €r0 OCHOBE MEXaHW3M YIpaBJeHUs MaMsIThlO, pealu30BaHHbIN B si3bike C, rapaH-
TUPYeT OBICTPOE BBHIMIOJIHEHUE TPOTpaMM, TOAAEPXKKA IMOJMMOpdu3Ma IMO3BOJSIET TPUME-
HSTb MPUEMbl OOBEKTHO-OPUEHTUPOBAHHOIO MPOrpaMMUPOBAHMUS, a 1IAOJOHBI JOMYCKAIOT
WCIIOIb30BaHME HEBEPOSTHBIX MalllMH, MpeIHa3HAaYeHHBIX UISI aBTOMATUYECKON reHepanuu
kona. [11aGsoHbl MPOXOAST KPACHOI HUThIO Yepe3 BCI0 KHUTY, MOCKOJIbKY OHM OOecreuu-
BalOT TECHOE B3aMMOJNECHCTBUE TIOJb30oBaTesisi W OubaMoreku. Ilonb3oBarenb OUOIMOTEKU
OYKBaJIbHO KOHTPOJIUPYET CIOCOO T€Hepaluyu Koja, MPUYEM 3TOT CHOCO0 OrpaHUYMBAETCS
camoii ombmorekoii. [IpeqHazHayeHre OMOIMOTEKM OOOOIIEHHBIX KOMIIOHEHTOB — ITI03BO-
JIATH TOJIb30BaTENIO CO3MaBaTh COOCTBEHHBIE THUITBI M OMNpPENENISITh WX TOBEACHUE, a TaKXe
MPaBUJIbHO OOBEIMHATD MX C APYTMMHU OOOOLUEHHBIMU KOMIIOHEHTamu. IlockosbKy mpu
3TOM WCIIOJB3YIOTCSA CTaTUYECKUE METOMIBI, OIIMOKM, CBSI3aHHBIE CO CMEIIMBAaHUEM M CpaB-
HEHUEM COOTBETCTBYIOLIUX (DparMeHTOB, OOBIYHO OOHAPYKMBAIOTCS HA dTarne KOMITUJISILIUY.

Ayauropus

Aynuropusi, KOTOPOii IpefHa3HaueHa 3Ta KHUra, COCTOMT M3 ABYX yacteil. K mepBoil KaTero-
PUM OTHOCSITCSI OIBITHBIE MPOrpaMMuUcThl Ha C++, XXejaioluye OBIAgeTh HanboJee COBPEMEH-
HBIMU METOIAMM CO3IaHMsI OMOIMOTeK. B KHMTe MpencTaBieHbl HOBBIC MOIIHbIC MIMOMEI SI3bIKa
C++, obmagaroiiye yIMBUTEIBHBIMUA BO3MOXHOCTSIMU, HEKOTOPBIE M3 KOTOPBIX HEBO3MOXHO
OBUIO cebe TPEICTABUTh. DTH WIMOMBI OKaXKyT HEOIIEHUMYIO TIOMOIIIb TP CO3MAaHWK OUOIMOTEK
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BBICOKOTO YPOBHSI. JIJIsI TIpOrpaMMKCTOB CPEIHETO YPOBHS, JKEJIAIOIIMX MOBBICUTH CBOIO KBaJIV-
(ukaiuio, KHUra TaKkke OyIeT Moje3HO, OCOOEHHO €C/IM OHU TPOSIBSIT OMpeeIeHHYI0 HACTOM -
YUBOCTb. HeCMOTpsI Ha TO YTO MHOTIA B KHUTE BCTPEYAIOTCS TOBOJILHO CIIOXKHBIE (DparMeHThI KO-
na Ha C++, OHUM Bcera COMPOBOXKIAIOTCS ITOAPOOHBIM KOMMEHTAPHEM.

Bropast kateropusi COCTOUT M3 TOCTOSTHHO 3aHATHIX MPOTPAMMUCTOB, KOTOPBIM HYXHO
cienaTh Ae0, He TpaTsl JIMIIHEro BpeMeHM Ha udydyeHue Teopuu. OHU MOTYT MPOMYCTUTh
HaunboJee CIIOXHBIC ETAId pPeau3alui U COCPEIOTOUNTh CBOe BHUMAaHUE Ha UCHOAb308AHUU
npenjoxeHHol O6ubanoreku. Kaxnas riaBa HauMHaeTcsl ¢ MOAPOOHOrO BBEACHUST U 3aKaH-
YUBAETCS Pa3/leOM, IMOCBSIICHHBIM YacTO 3agaBaeMbIM BorpocaM. JIJIsi TOHUMaHUsI U UC-
MOJIb30BAaHUSI KOMIOHEHTOB 3TM Da3fiesibl OKaXyTCs BecbMa IMoJe3HbIMU. KOMMOHEHTHI
MOXHO M3y4yaTh HE3aBUCUMO JAPYT OT apyra. OHU O4YeHb MOIIHBI M TeM He MeHee Ge3omac-
HbI, U, KPOME TOTO, UX OYEHb JIETKO MPUMEHSTh B CBOUX MPUIOXKEHUSIX.

Ot yuTaTenss TpebyeTcsl xopoliiee 3HaHKe si3bika C++ 1 XeJlaHWe 3HATh €To elle JIyYllle.
CreayeT Takke MMETh MpeACTaBiIeHWE O 11abJioHaX BOOOLIe M CTaHIAPTHOW OMOIMOTEKe
mabsoHoB (STL) B yacTHOCTH.

3HaHue OCHOBHBIX 11a0JOHOB MpoekThupoBaHus (Famma u ap., 1995) xenateabHO, HO He
00s13aTesibHO. MIMMOMBI M 111aGJIOHBI, TIPUMEHSIEMbIe B KHUTE, HeTalbHO onMucaHbl. OgHAKO
9Ta KHUTA MOCBSIIeHa APYroil TeMe — B Heil He JesaeTcsl MOMbITOK MaKCMMaJlbHO 0000-
IIUTh 1a0JOHBI MpoeKTUpoBaHUsl. [TOCKOJbKY OHM pPaccMaTpUBAIOTCS C TOYKU 3PEHUS
MparMaTUIHOTO co3faTeisi OMOIMOTeKU, Jaxke YUTaTelb, WHTEPECYIOIIUICS B OCHOBHOM
mabJoHaMy TTPOEKTUPOBAHUSI, HAMIET A1 ceOs MHOTO HOBOTO, €CJIU 3aXOYeT.

Bubnuorteka Loki

B xHure omnwmceiBaeTcs peaibHast Oubamoreka Loki, HamucaHHast Ha si3bike C++. Jloku
(Loki) — aT0 Gor octpoymusi B CKaHAMHABCKOW MUMOJIOTMU, U aBTOP HANEETCs, YTO OPUTH-
HaAJIbHOCTh U TMOKOCTh 3TOI OMOJIMOTEKM COOTBETCTBYET Ha3BaHUIO. Bce anemeHThl OubimoTe-
KW HaxXoAsTcs B MPOCTpaHCTBe MMeH Loki. B mpumepax mporpaMM MpOCTPaHCTBO MMEH He
yKa3bIBaeTCs, MOCKOJIbKY 3TO YBEJIMUMIIO OBbI pa3Mep Koia M 3aTeMHUJIO ero conepkaHue. buo-
mmoteky Loki MOXHO cBOOOIHO 3arpy3uTh ¢ Web-crpaHuiiel http://www.awl.com/cseng/
titles/0-201-70431-5.

3a MCKJIIOYEHMEeM YacTH, Kacarolleiicsi moTokoB, oudanoreka Loki HamucaHa Ha cTaH-
mapTHOM si3bike C++. VYBBI, 3TO O3HAYaeT, YTO MHOTHE COBPEMEHHBIC KOMITUJISITOPHI He
CMOTYT paboTaThb C HE B MOJHOM oObeMe. A peaqn3oBajl M MPOTECTUPOBAT OUOIMOTEKY
Loki ¢ momoinpto koMmmuisstopoB CodeWarrior Pro 6.0 kommanuu Metrowerks m Comeau
C++ 4.2.38 (0oba xoMmnuisitTopa paboTanu mnoj yrnpasieHuem cucteMbl Windows). [Toxoxe,
yto komnuisaTop KAI C++ Takke He JOMKEH MUMETh C 3TOi OMOMMOTEKON HUKAKUX TPO-
oseM. Kak TOAbKO TMMOCTaBILIMKM PaCHpOCTPaHSIT HOBBbIE, YCOBEPILIEHCTBOBAaHHbIE BEPCUU
KOMITWJISITOPOB, Bbl CMOXETE SKCIUTyaTupoBaTh 0ubanoTeKy Loki moaHocCThIO.

Kon 6ubauvoreku Loki, a Takke mpuMepbl, TPUBENEHHbIE B KHUIE, MCIOJb3YIOT MOMY-
JISIPHBIW CTaHAAPT KOAMpOBaHUs, mpepioxkeHHbIin Xepoom Carrepom (Herb Sutter). S yBe-
PEH, UTO BbI JIETKO €ro noiimMeTe. DTOT CTAHAAPT CBOAMTCS K CJAEAYIOIIEMY.

o Kacchl, (pyHKIIMU U TIepEYMCIUMbIC TUIIbI BBITJISIIAT TakK: LikeThis.
o [lepeMeHHbIE U MEPEUUCIMMbIE 3HAYEHMST BHITJSAOIT TaK: 1ikeThis.
o [lepeMeHHbIe-UIE€HbI BBIJISAAT Tak: 1ikeThis_.

o [llaGaoHHBIE MapaMeTpbl OOBSIBISIIOTCS C KJIIOYEBBIM CJIOBOM C1ass, €Cd OHU Ipel-
CTaBJISIIOT COOOW TUTII, OrpeaesisieMblii Mojb3oBareneM (user-defined type), u ¢ kio-
YeBbIM CJIOBOM typename, €C/IM TUII SABJISIETCS MPOCThIM (primitive).
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CTpyKkTypa KHuru

KHura cocTouT M3 ABYX OCHOBHBIX YacTeli: CTIOCOOBI MPOrpaMMUPOBAHUS U KOMITOHEH-
Tl. Yacte | (rmaBel 1—4) omuchiBaeT crocoObl MporpaMMupoBaHusi Ha sizbike C++, wuc-
MOJIb3yeMbIe B 0000IIIEHHOM TPOrpaMMHUPOBAHUM U, B YACTHOCTHU, IUISI CO3MAaHUST 000OIICH-
HbIX KOMIOHEHTOB. [IpeacTraBieHO MHOXECTBO OCOOEHHOCTEl M CHOCOOOB MpPOrpaMMUPO-
BaHMsI Ha si3pike C++: MPOEKTUPOBaHUE, OCHOBAHHOE Ha aHaJM3e IMMOBEACHUsS, YacCTUYHAasI
crielMai3anysi 1adJOHOB, CIMUCKU THUIIOB, JIOKAJIbHbIE KJIacchl U T.JA. DTY 4acTb MOXHO
YUTaTh MOCJIEAOBATEIBLHO, a 3aTEM BO3BpAlllaThCs K Heil 3a KOHKPETHOM MH(MOpMaIneid.

Yacte Il opranuzoBaHa Tak ke, Kak 1 4yacTb I. B Hell paccMarpuBaeTcsl peaivsaius 0000-
IIEHHBIX KOMITOHEHTOB. 37eCh HET MCKYCCTBEHHBIX NMPHMEPOB. Bce ommcaHHBIE KOMIIOHEHTHI
WCNOJB3YIOTCS B peabHbIX MPUIOKeHUsX. [TpobieMbl, exXeaHeBHO BCTalollMe IMepen Mporpam-
MUCTaMu Ha s3bike C++, Hampumep, WHTEUICKTyallbHbIe yKazatein, (aOpvKu OOBEKTOB U
(byHKTOpBI, 00CYXIalOTCSI ITIyOOKO M pellaloTcs B oOlueM Buje. Peanuzauuu, nmpuBeneHHbIE B
TEKCTEe, OPUEHTUPYIOTCSI HA OCHOBHBIE TIOTPEOHOCTH TIPOrPaMMUCTOB 1 TIpeIHA3HAYEHBI ISl pe-
eHusT pyHAaMeHTaIbHBIX 3a1a4. BMecTo moapoOHOro OOBSICHEHUs, YTO UMEHHO JeNaeT TOT
WM MHOW (hparMEeHT Kojia, B KHUTE TTOCJIEIOBATEIbHO TTPUMEHSIETCS CACIYIONINI ITOIXO/: cCHava-
Jla 00CyXaaeTcsl 3a1aya, a 3aTeM BbIOUPAETCsl M peaiu3yeTcsl METOJ €€ pellieHus.

I'maBa 1 mocBsieHa KilaccaM cTpaTeruii — uauomaM s3bika C++, MO3BOJSIONIMM pa3-
pabaTbIBaTh TMOKME TTPOSKTHBIC PEIICHMS.

B rnaBe 2 o0CyXIalTCcsl OCHOBHBIE CIIOCOOBI ITporpaMMUpoBaHMs Ha si3bike C++, OTHO-
cAmmecs: K 06001IEHHOMY TTPOTPaMMUPOBAHUIO.

Cnycky TUMOB, MPEACTaBIsIONIe COO0 MOIIHbIE CTPYKTYPbI UISI MAHUIYJISILIUK C THU-
MaMM, peayn3yloTcsl B TJIaBe 3.

B rnaBe 4 onuchiBaeTCsl BaXKHbI BCIIOMOTaTeIbHbBIII MHCTPYMEHT — MEXaHU3M paclipe-
IeJICHUST TTaMsTH It HeOoablmX 00beKToB (small-object allocator).

O06001IeHHbIE (PYHKTOPBI, MCMOJB3YIOIIME 111a0J0H MpoeKTUpoBaHUs Command, oOCyX-
JaloTcs B T1aBe 5.

B rnaBe 6 ONMMCHIBAIOTCSA CUHTJITOHHI.

I'maBa 7 mocBsIlIeHa MHTEJUIEKTYaTbHBIM yKa3aTeIsIM.

B rnase 8§ onuceiBatoTcs 00001IeHHBIE (GabpUKU 0OBEKTOB.

I'maBa 9 moceseHa 11a6I0HY TpoeKTUpOoBaHUs Abstract Factory u ero peajusaiuu.

B riaBe 10 B 0o0llleM BUIe peali30BaHO HECKOJbKO BapUAHTOB 1IA0JOHA MPOEKTUPOBA-
HusA Visitor.

MexaHu3mbl MyJIbTUMETONOB (multimethod engines), mpeacrapisiolie co00il pelieHusl,
OPMEHTUPOBAHHBIC Ha MCITOJIb30BAHWE TOTOBBIX KOMITOHEHTOB, peajlnu30BaHbl B aBe 11.

Tembl, cBSI3aHHbIE C 111a0JIOHAMU TTPOEKTUPOBAHKSI, OXBAaThIBAIOT MHOTME CUTYyallMU, C KO-
TOPBIMM TIOCTOSTHHO CTaJIKUBAIOTCS TTPOrPAMMMCTHI, CO3MAIOIIMe MporpaMMbl Ha si3bike C++.
JInyHo 9 cuutaro (Habpuku OoOBEKTOB (IJ1aBa 8) KpaeyrojbHbIM KaMHEM, JIeXallMM B OCHOBE
MPaKTUYECKU BCEX TMOIMMOPGHBIX TMPOEKTHBIX pellieHuid. KpoMe Toro, MHTEUIEKTyaJlbHbIC
ykazaTeau (raBa 7) MpeACTaBsIIOT cOOOMl BaxKHBbI KOMITIOHEHT MHOTMX MPUJIOXKEHUH, CO3-
JNAHHBIX ¢ Tomolblo si3bika C++. O0001IeHHbIe (DYHKTOpHI (IJIaBa 5) Ype3BbIYAHO YacTo
BCTPEYAIOTCSI B PA3IMUHBIX MPUIOXKEHUSIX U MO3BOJSIIOT HAMHOTO YIPOCTUTh CJOXHbBIE TMPO-
OJIeMBI, CBsI3aHHBIE C TIPOEKTHUpOBaHUEM. Jlpyrue, Gojiee CrielMaIu3upoBaHHbIE 0OOOIICHHBIC
KOMITOHEHThI, TaKMe Kak Visitor (maBa 10) mam myiabtumeTtonsl (miaBa 11), Takxke MMEIOT
CBOIO 00JIACTh TIPUMEHEHUS M Pa3aBUTAIOT TPAHUIILI SI3BIKOBOM TTOMIEPKKH.
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BJIArOOAPHOCTU

IMpexne Bcero xouy nodjarogapuTh MOMX POAMTENEH 3a UX MOCTOSIHHYIO 3a00Ty.

CrenyeT MOMYEPKHYTh, UTO 3TON KHUTHU, KaK M OOJBIIMHCTBA MOMX MPOGheCCHOHATBHBIX
ycrnexoB, He Obuto Ob1 6e3 Ckorra Meiiepca. C MOoMeHTa Halleil BCTpeun Ha BcemupHoM
koHrpecce o C++ (C++ Worlds Congress) B 1998 romy CKOTT MOCTOSTHHO TOMOTaJl MHE.
OH MepBbIM C BHTY3Ma3MOM MoaaepxKal Mou paHHUEe ujaeu. CKOTT MO3HAKOMMJI MEHs C
[>xoHoM BnuccunecomM, mojioXXuB Havajao Haiiemy coTpyaHudectBy. OH mocoBeTtoBai Xepoy
Cattepy chenatb MeHsl obo3peBareiieM kypHana “C++ Report” M mpuBen B M31aTebCTBO
Addison-Wesley, nmpakTu4ecKy BBIHYAWB HadaTh 3Ty KHUTY. B KoHIle KOHII0B CKOTT CBOMMMU
COBETaMM M 3aMeYaHUsIMU MOMOTaJl MHE BCe BpeMsl B Ipollecce paboThl HajJ KHUTOM, pase-
JIAsl CO MHOM TBOpYECKHE MYKH.

Boipaxkato riny0okylo npusHareabHOCTh KOoHY Biuccuaecy, KOTOpbIii CBOMMU PE3KUMU
3aMeUaHMsIMM YOSl MEHSI, YTO MOM DPEIlleHUs] He UIealbHbI, M TTOMOT WX YJAy4IIUTb. [J1a-
Ba 9 — ero 3aciayra. OHa nosiBUJIach B KHUre Oarogapsi MOCTOSIHHBIM TpeboBaHUsIM JIKoHa
He OCTaHaBJIMBATbCS HA JOCTUTHYTOM M MCKaTb OoJiee yaauHble pelleHus.

bnaronapro I1. JIx. [Mnarepa (P. J. Plaeger) u Mapka bpuanna (Mark Briand), BmoxHo-
BUBIIUX MeHSI nmucatb cratbu B xXypHan “C/C++ Users Journal” B To BpeMsi, Korua st C4u-
Tay 0bo3peBaTesicit 3TOro XypHaia WHOIUIAaHETSTHAMMU.

4 oueHb npusHaTesneH MoeMy peaakropy Jeoou Jlapdpeptu (Debbie Lafferty) 3a ee mo-
CTOSTHHYIO TIOANCPKKY U TTOJIE3HBIC COBETHI.

Mou kosteru 1o komnaHnuu RealNetworks, ocobenHo bopuc IxxepkyHuna (Boris Jerkunica)
u JIxum Knaak (Jim Knaak), oueHb momorm MHe, co3naB aTMocdhepy CBOOOIOMBICIHSI, COTep-
HUYECTBA U CTPeMJIEHHs K BEpIUIMHAM MacTepcTBa. S oueHb OarofapeH UM 3a 3TO.

BeIpaxkalo CcBOIO TPU3HATENLHOCTh BCeM  ydacTHMKaM KoHdepeHmmit  Usenet
comp.lang.c++.moderated u comp.std.c++. DT 110aM TOMOIJIM MHE JIydllle TTOHSTh S3bIK C++.

41 xoTen ObI BBIPA3UTH CBOIO OJIArOAApHOCTh PELICH3CHTaM MOel pykomnucu: Muxawty AHTO-
Hecky (Mihail Antonecku), boby Apuepy (Bob Archer) (MoeMy caMOMy CTPOroMy PELICH3CHTY),
Amneny bponmany (Allen Broadman), Monary Bypere (Ionut Burete), Mupens Yupura (Mirel
Chirita), CruBy Knamary (Steve Clamage), Ixeiimcy Korumny (James Coplien), dyry XaszeHy
(Doug Hazen), Kemsuny Xennu (Kelvin Henney), /Ixxony Xukuny (John Hickin), I'oBapmy
XunHanty (Howard Hinnant), Copuny [Ixuany (Sorin Jianu), 3onrany Kopmoiry (Zoltan
Kormos), Ixeitmcy Kaitmepy (James Kuyper), Jluze Jlummmmukor (Lisa Lippincott), JIxkoHartany
JIynnksucty (Jonathan Lundquist), Ilerpy Maprunsiny (Petru Marginean), Ilatpuky Mak-
Kunneny (Patrick McKillen), ®@nopuny Muxaiiny (Florin Mihaila), Copuny Ompst (Sorin Oprea),
Ixony ITorrepy (John Potter), Anpuany Panutsany (Adrian Rapiteanu), Monuke PanutsnHy
(Monica Rapiteanu), bpaitany Crentony (Brian Stenton), Anpmany Credme (Adrian Steflea),
XepOy Carrepy (Herb Sutter), Ixxony Topiio (John Torjo), ®nopuny Tpoduny (Florin Trofin) u
Kpuctn Bmacsny (Cristi Vlaseanu). Bce oHu BHeciu cBOil BKIam B yiydileHue pykomucu. bes
HUX MHE HE yIaJIoch Obl ClIeaTh U TIOJIOBUHBI PAOOTHI.

Cnacu6o I'pery Komo (Greg Comeau) 3a T0, 9TO OH IIPEIOCTAaBUJI B MOE pacCIIOpsKeHIE
MPEBOCXOIHbBIN KOMITUISITOP.

B 3akimoueHne s xoTea ObI MOGIarogapuTh BCIO MOIO CEMbIO M ApYy3ell 3a MX TTOCTOSTHHOE
MOOUIPEHUE U TOAACPXKKY.
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PA3PABOTKA KJIACCOB
HA OCHOBE CTPATEIMu

B 5710i1 r1aBe onuckIBaOTCSA TOHSATUST cTpateruu (policy) u kiaccoB crpareruit (policy classes),
Wrparolme BaxKHYIO pOjib B CO3MaHUU OMOIMOTEK, d(PGhEeKTUBHO 0OECIEeUnBaIOIINX MOBTOPHOE
ucrosb3oBaHue koxa. bubmuoreka Loki Obula 3amymaHa uMeHHO Takoi. KpaTko rosops,
MPOEKTUPOBAHUE, OCHOBAHHOE Ha cmpameeusix, TIO3BOJSET CO3MaBaTh KJIacC CO  CJIOXHbBIM
MOBEICHUEM W13 MHOXECTBA MAJIEHbKMX KIJIACCOB (HA3bIBAEMbIX cmpameeusmu), KaKIblid U3
KOTOPBIX OTBEUYAET TOJbKO 32 OfMH (YHKIMOHATBHBIN WK CTPYKTYpHbI acniekT. Kak ciemyer us
€e Ha3BaHMS, CTpaTerdsi YCTaHaBIMBaeT WHTepdeic, COOTBETCTBYIOIIUI OIpeAeIeHHOMY
cBoiicTBy. CTpaTeruu MOXHO pealM30BbIBaTh MO-pa3HOMY, COOJIIOAsI, OMHAKO, UX UHTEePdEiCh.

CMmelnBas ¥ MOATOHSISI CTpaTeTUM IPYT K IPYTy, MOXHO MOJEIMPOBAaTh OTPOMHOE KOJIH-
YECTBO BUJOB MOBEACHUSI, UCMOJb3ysl HEOOIbIION HAOOP BJeMEHTAPHBIX KOMIIOHEHTOB.

Crpareruu MCMHOJIb3YIOTCS BO MHOTHUX TjaBax 3Toil KHUTU. OOOOIIEeHHBIN 111a0JOHHBIN
knacc SingletonHolder (ryaBa 6) C TIOMOILBIO CTPATeTWil YIPaBIsSIeT IUTEIbHOCTHIO
(byHKIMOHMpOBaHMS W ObecreunBaeT Oe30MacHOCTh PabOTBl B MHOTOITOTOYHOI cpeje.
Knacc smartPtr (rnaBa 7) MOYTM LEJIUKOM CKOHCTPYMPOBAH M3 CTpareruil. MexaHu3m
nBoiitHoi mucnetyepusdaunu (double-dispatch engine), onucaHHbIil B iaBe 11, ucrnonab3yeT
cTpaTeruu JUisl BbIOOpa pa3HBIX KOMIIPOMUCCOB. Peanmzanusi 0000IIEHHON “abcTpakTHOMR
hadbpukun” (Gamma et al., 1995), npuBeneHHas B rjaaBe 9, MPUMEHSIET CTPATETUIO MJIsI BbI-
06opa MeTona co3naHusl 0ObEKTOB.

B 5T0i1 r1aBe omuchIBaeTCS TpenHa3HAYeHWE CTpaTervii, pacCMaTpUBAIOTCS NETaIM UX
MPOEKTUPOBAHUS U TIPUBOISATCS COBETHI, MO3BOJISIOLIME PA3JIOXKUTh KJIACC HA CTPATEerUu.

1.1. PasHooOpa3ue meToaoB pa3paboTku NporpaMMHOro
obGecne4yeHuns

O0macTb IIPOCKTUPOBAHUA IIPOrpaMMHOTIO obecrieyeHnsI KaK HUKaKast apyrasi TEXHU4YE-
CKasg JUCHUIITIMHA OJEMOHCTPUPYET OosblIoe pa3Hoo6pa3He MCTONOB: OJHY U Ty XK€ 3agauy
MOXHO INpaBUJIbHO PCIIUTL CaMbIMU PAa3HBIMU CHOCO6aMI/I, OpnudyeM MEXAy INpaBUJIbHBIM U
HCIIpaBUJIbBHBIM PCIICHUEM JICKHUT 0ECKOHEYHOE KOJUYECTBO HI0AHCOB. KaxXablii HOBBIM
crocoo OTKPBIBACT HOBBI MUp. HpI/I BI)I60p6 OOHOIro M3 peLHeHI/IfI BO3HMUKAET MHOXKECTBO
BO3MOXHbBIX BaApUAHTOB, HAYMHAasA C YPOBHSA CUCTEMHOM APXUTCKTYPblI U 3aKaHYMBasd majei-
MU OCTATIAMN KOOANPOBAHUA. Taxkum 06pa30M, pa3pa60TKa IIporpaMMHBIX CUCTEM 3aKJTIO-
4yacTcda B BbI60pe pe].HeHI/Iﬁ N3 TUTAHTCKOI'O YHCJjia BapuaHTOB.



PaccMoTpuM mpocTeiiii mpuMep HU3KOYPOBHEBOM pa3pabOTKU — WHTEJICKTYaJIbHBIC
ykazareau (rnaBa 7). MHTennekTyaabHble yKazaTesqu (smart pointers) MpencTaBisiioT coOOit
KJIACCHI, KOTOPbIE MOTYT OBITh KaK OIHO- TaK M MHOTOMOTOYHBIMU. OHU MOTYT HCIIOJIb30-
BaThb pa3jMyHble CTpaTeruu BJAJECHUs pecypcamMu, a Takxke pasHble KOMIIPOMUCCHI MEXIY
6e30MacHOCTBhIO U CKOpOCThI0. Kpome Toro, MHTe/UIeKTyaJlbHbIe yKa3aTeJn MOTYT TOIIep-
KUBaTh WM HE TOMJIEPXUBaTh aBTOMaTUYecKoe IMpeobpa3oBaHME B OObIYHBIE yKaszaTesu.
Bce 3Ti cBolicTBa MOXHO CBOOOIHO KOMOMHMPOBATh, IPUYEM OOBIYHO B KOHKPETHOM O0-
JIACTH, Ul KOTOPOM TMpeAHa3HaueHO MPOrpaMMHOE obOecreueHue, HAWIY4IIUM SIBISeTCs
JIVIIB OTHO pelleHUe.

PaszHooOpa3ue MeTOooOB CO3MaHUsl MPOTrPaMMHOTO OOECHeYeHUs] TMOCTOSSHHO CMYIIAeT
HauyMHAOMIMX pa3paborunkoB. [lepes HUMU CTOUT KOHKpeTHas 3amada. YTo MPUMEHUTH I
ee ycreiurHoro pemeHusi? Coobitusi? O6bekTh? Habmonatenun? O6patHbie BbI3oBbI? Bupty-
anpHble kiacchl? [labnonnl? Ecin aGcTparupoBaThCsi OT KOHKPETHBIX JIeTajelt, pa3Hbie pe-
LIEHUSI OKAXYTCS SKBUBAJIEHTHBIMU.

B omiiMume oT HOBWYKA, OIMBITHBIN pa3paboTYMK MPOTrPaMMHOTO OOeCIIeUeHUs 3HAET, ¥mo
pabomaem, a umo — Hem. JIJIs1 KaXJ0i KOHKPETHOM 3alayu CYyLECTBYET MHOXECTBO METO-
JoB pelieHus1. OHU 00adal0T CBOMMU MPEUMYIIECTBAMM W HEJIOCTaTKaMu, KOTOpbIe Ompe-
JIEJISIIOT, HACKOJBKO TOT WM WHOM METON TOAXOAMT IS pelleHUs] TOCTaBJICHHOM 3aJaymu.
PellileHne, KoTopoe Kazajoch BIOJHE MPUEMJIEMbIM Ha Oymare, Ha MpakTUKE MOXET OKa-
3aThCsl OLIMOKOA.

Co3naBaTh MporpaMMHOE OOECMeYeHUe CJIOXHO, IMOCKOJbKY pa3paboTyMK TOCTOSIHHO
JIOJDKEeH JeNIaTh @bi60op. A B TIPOrpaMMUPOBAHUM, KaK M B XXM3HM BOOOIIE, TPYAHO CHEJIATh
MPaBUJILHBIA BBIOOD.

ONBITHBIN pa3pabOTYMK 3HAET, KaKOW BHIOOP BeAeT K IOCTABJACHHOM 1M, B TO BpeMs
KaK HOBUYOK KaXIbIil pa3 jAejaeT 1ar B HEM3BECTHOCTb. OMNbITHBII apXUTEKTOP MPOrpaMmm-
HOTO OOecIeYeH!sT HalTOMUHAET XOPOILIEero IaXMaTUCTa: OH BUAUT Ha MHOTO XOJIOB BIIEpEI.
7151 9TOro HYXXKHO JOJTO YYUTbCs. BO3MOXHO MO3TOMY IeéHUaIbHbIE TPOrPaMMUCTbI ObIBAIOT
OUeHb MOJIONBIMU, B TO BpeMsI KaK TeHUaJbHbIe pa3paboTUYMKU MTPOTPaMMHOTO OOeCTICUeHUST
O0OBIYHO HAxONsATCSI B 3peJIOM BO3pacTe.

Kpome rojioBoJIOMOK, TTOCTOSIHHO BO3HMKAIOIIMX Tepea HauMHAIOUIMMU pa3paboTynKa-
MU, KOMOMHATOpHAsl MPUPOJA apXUTEKTYPHBIX PELIEHUI NOCTaBsieT MHOTO XJIOMOT cO3aa-
TelsiM O6ubamoTek. st Toro 4roObl peaym3oBaTh OMOIMOTEKY, IPUIOAHYIO IUISI CO3IaHMUS
MPOTrPaMMHOI0 obecrneyeHusl, pa3paboTYMK JOKEH Kilaccu(puuupoBaTh U ananTUpOBATh
MHOKECTBO TUITMYHBIX CUTyalldii. BrOIMOTEKy ciieyeT OCTaBUTh OTKPHITOW I MOAUDU-
Kaluii, YTOObl MPUKIAAHON MPOrpaMMUCT MOTI TMPUCIIOCOOUTDL €€ ISl CBOMX HYXI, CO3/aB
KOHKPETHYIO TTPOTpaMMy.

HeiicTBUTENIbHO, KaK yMakoBaTh IMOKKE, OCHOBATEIbHO pa3pabOTaHHbIE KOMIIOHEHTHI B
6ubmmoTeky? Kak mpemocTaBUTh MOJIb30BaTeNl0 BO3MOXHOCTh HACTPAaWBATh 3TH KOMITOHEH-
ThI? Kak mpeomonets “NpokisiTie BbIOOpAa” ¢ MOMOIIBIO KOAa, UMEIOIEro pa3yMHble pas-
Mepbl? BoT KakuM BoIipocaM ITOCBSIIEHA 3Ta IJIaBa, da U BCS KHUTA B IIEJIOM.

1.2. HepocTaTkm yHMBEepcanbHOro uHtepdeinca

PeanmuzoBath Bce 1Moa 000109KOI YHUBEPCAILHOTO UHTepdeiica — HeymayHoe pelieHue.
DTO 0OBSICHSICTCS CACAYIOIMMH TTPUINHAMM.

K OCHOBHBIM HETraTMBHBIM MOCJEICTBUSIM TaKOTO BbIOOpA OTHOCSATCSI UHTEJIEKTyalbHbIE
M3IEPXKKM, OTPOMHBIN pa3Mep M Hea((MEKTUBHOCTh OMOIMOTEKN. ['MTaHTCKME KJIacChl OUYeHb
HEMPOAYKTUBHBI, MMOCKOJIbKY Ha UX U3yYeHUE HY>KHO TPATUTh OOJbIIWE YCUJIUSI, OHU CIMLI-
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KOM BEJIMKH, a MPOTPaMMBbl, UCTIOIb3YIOIIME TaKME KJIAacChl, pabOTal0T HAMHOTO MeEJUIEHHEe,
YeM aHAJIOTMYHBIE MPOrpaMMbl, pa3pabOTaHHbIE BPYYHYIO.

OpHako efiBa JIu HE caMO¥ BaXXHOU TpOOJIEMOIi, CBSI3aHHOM C MCIOJb30BAHUEM YHUBEP-
cajJbHOro MHTepdelica, SIBISIETCS Hnomeps 0Oe30nacHocmu cmamuyeckux munos (static type
safety). OmHa M3 OCHOBHBIX IieJiell apXUTEKTYphl JHOOOTO MPOTPaMMHOrO O0ecTieYeHUsT —
BOILIOIIEHUE HEKOTOPBIX aKCMOM “Tio ompeneneHuto”. Harpumep, Henb3si OAHOBPEMEHHO
co3maBaTh JBa 00beKTa Kiacca Singleton (raBa 6) WM OOBEKTHI HENEPECEKAIOIINXCS Ce-
MmeiictB (disjoint families) (rmaBa 9). B unmeane pa3paboTuMK MOJKEH HaKIaabIBaTh OOJb-
IIMHCTBO OrPaHUYEHMIA elle Ha STare KOMIIWIALUU.

B Gonbiiom BceoObemiTIOlEM MHTEPDEiice OUeHb TPYIHO YYECTh BCE MOAOOHbBIE OrpaHu-
yeHUsi. OOBIYHO KOHKPETHbIE OTPAHUYEHUSI CEMAHTUYECKH COOTBETCTBYIOT JIMILb YaCTU WH-
tepdeiica. DTo BemeT K YBEJIMUYEHMIO pa3pbiBa MEXIY CUHMAKCUYECKOU W CeMaHMuU4ecKol
npaguAbHOCMbI0 TIPOTPaAMM, UCTIONIb3YIOUIUMX TaHHYI0 OMOIMOTEKY.

PaccmoTpum, Hampumep, acrekT peajnsaiuu o0beKTa Kiacca Singleton, CBI3aHHBIN C
0e3omacHOCTbI0O paboThl B MHOTOITOTOYHOI cpene. Ecnn OuGinoreka MOJTHOCTBIO MHKAICY-
JINPYET TIOTOKOBBIE CBOWCTBA, TO TMOJIb30BaTeb KOHKPETHOI, HEMEPEHOCUMON CHUCTEMbl HE
MOXET MCITOJIb30BaTh OMOJIMOTEKY CUHIJITOHOB. Eciu 3Ta GubiMoTeKka MpenaocTaBisieT A0C-
Tyl K OCHOBHBIM HE3alIUIIEHHBIM (YHKIMSIM, BO3HUKAET OMACHOCTb, YTO MPOTPAMMMUCT
pas3pyliuT 6MOIMOTEKY, HamucaB Ko, KOTOPbIi OylAeT CUHTAKCUYeCKU MPaBUJIbHBIM, HO ce-
MaHTUYECKN HEBEPHBIM.

A uTt0, ecu 6ubavoteka OyneT peaTu30BbIBaTh Pa3HbIe MPOEKTHBIE PELIEHUS] B BUIE Pa3HbBIX
KJIaccoB Oojiee CKpoMHOTo pazmepa? Kaxmplit Kiiacc Mor Obl BOIUIOINIATH KOHKPETHOE TTPOEKTHOE
petieHue. [1py MCNoONb30BaHUM MHTEJUIEKTYAIbHBIX YKa3arteseil, HalpruMep, eCTECTBEHHO OXM-
JIaTh TIOSIBJICHUSI MHOTOUMCIIEHHBIX peaym3anuii: SingletonThreadedSmartPtr, MultiThread-
edsmartPtr, RefCountedSmartPtr, RefLinkedSmartPtr u T.I.

s aTOrO Toaxoaa XapakTepeH pe3KUil poCcT KOJMUYECTBAa Pa3HbIX BApMAHTOB MPOEKTHBIX
pewieHuii. YeTblpe ymOMSIHYTBIX KJjlacca MOTYT MPUBECTU K TOSIBJIEHWIO HOBBIX KOMOWHa-
i, HarmpuMep, B Buae Kimacca SingleThreadedRefCountedsmartpPtr. IIpeobpazoBanue
TUMOB TIPUBENET K €lle OOJIbLIEMY KOJWYECTBY KOMOMHALMI, KOTOpPble B KOHIIE KOHILIOB
BBIMIYT 32 paMKM BO3MOXHOCTEH KakK IMPOrpaMMHCTa, TaK U TOJIb30BaTeslsl OMOIMOTEKU.
O4eBUAHO, YTO UATH BTUM MyTeM He cienyeT. [IpeonosieTh 3KCMOHEHIMATbHbBIN POCT Bapu-
AQHTOB C TIOMOIIbIO TPYOO¥ CHUJIBI HEBO3MOXHO.

Takoro pona 6UGIMOTEKM HE TOJBKO TPEOYIOT MJIsI CBOEU pa3paOOTKU M MPUMEHEHUS Or-
POMHBIX YMCTBEHHBIX YCWIMI, HO W SIBJISIOTCS KpaliHe HermOkumu. Maeiiliasi HempeaBu-
JIEHHasl HAacTpOWKa — HaIlpUMeEpP, MOMBbITKA WHULMAIU3UPOBATh KOHKPETHBIM 3HAYEHUEM
WHTEJUIEKTYalIbHbIE YKa3aTesd, CO3AaHHBbIE MO YMOJYAHUI, — TPUBOIUT BCE TIUATEIbHO
pa3paboTaHHbIe Kacchl OUOIMOTEKU B TUIAYEBHOE COCTOSIHUE.

B mpouecce pa3paboTku MporpaMM Ha HUX HAaKJIaIbIBAIOTCSI OIpEJeIeHHbIe OrpaHuYe-
Husi. CnemoBaTenbHO, OMOIMOTEKU, OPUEHTUPOBAHHbIE HA Pa3pabOTKy MPOrpaMM, JOJKHBI
JlaBaTh MOJIb30BATEI0 BO3MOXHOCTb (hOPMYJIMPOBATh C80U COOCMBeHHble OTPAHUYEHUS, a HE
HaBS3bIBATb 8cmpoeHHbie. Pa3 W HaBcerga 3aKOHCEpPBUPOBAHHBIE MTPOCKTHBIE PELIEHUS] MOTYT
0Ka3aTbCsl TaK K€ HEMPUTOTHBIMU ISl OMOIMOTEK, OPUEHTUPOBAHHBIX Ha pa3pabOTKy Mpo-
rpamMm, Kak, HalpuMmep, KOHCTaHThI, SIBHO 3aJJaHHbIE B OOBIYHBIX MporpamMmax. Pasymeercs,
Habopbl “Hanbosiee TOMYJISPHBIX” WIM “pPEeKOMEHAYEMbIX” TOTOBBIX PEIIEHUI BIOJHE J0-
MMyCTUMBI, €CJIM TPOrPaMMUCT MOXKET U3MEHATh UX 1O Mepe HaAOOHOCTH.

OTu TIpobJeMbl WILTIOCTPUPYIOT HEOJArOMPUSATHYIO CUTYallUIO, CIOXUBIIYIOCS B 00JacTH
pa3paboTku 6ubarorek. CylIecTBYeT MHOXECTBO YHUBEPCAIbHBIX W CHELMATU3UPOBAHHBIX
HU3KOYPOBHEBBIX OMOJMOTEK, OAHAKO OMOAMOTEK, 00eCTeuMBaIOIIMX HEMOCPEICTBEHHYIO
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MOIIEPXKKY MPOEKTUPOBAHUS TIPUJIOKEHUI, T.€. CTPYKTYP BBICOKOTO YPOBHSI, MPAKTUYECKU
HeT. DTO mapajgokcaibHasi CUTYyallMsl, MOCKOJbKY Jil000e HETPUBUATbHOE MPUJIOXKEHUE BO-
TJIONIAET HEKMe MpoeKTHbIe peleHus. CienoBaTesibHO, OMOIMOTeKH, OPUEHTUPOBAHHbBIE Ha
Co3llaHue MPOrpaMM, JOJKHBI ObUIM Obl HAWTH MPUMEHEHUE B OOJBIIMHCTBE MPUTOXEHUA.
OTOT TIPOOEN MOMBITATUCH 3AMOJHUTD CHEUATbHbIe CPeIbl pa3pabOTKU — KapKachl MPUIIO-
xeHuit (frameworks). OHaKO OHM B OCHOBHOM MpeAHa3HAYeHbl Uil TOTO, YTOObI CBSA3aTh MPU-
JIOXXEHVE ¢ KOHKPETHBIM TPOEKTHBIM PEILIEHWEM, a BOBCE HE ISl TOTrO, YTOObI MOMOYb TOJIb30Ba-
TeJI0 eviopams U Hacmpoums CBOM NpoekT. Eciau mporpaMMKCT CTpEMUTCSl pealn3oBaTh CBOM
OPWTMHAJIbHBIN TIPOEKT, OH AOJKeH HaYMHATh BCe “C HyJIst”, co3naBasi Kjacchl, (yHKIMM U T.11.

1.3. MoxeT nu noMo4b MHOXECTBEeHHOe HacniegoBaHue?

Paccmotpum Kiacc TemporarySecretary, NMpou3BOAHBINA OT KJIAaCCOB Secretary u Tempo-
rary onHoBpeMeHHO'. Kitacc TemporarySecretary o6nafaeT cBoiicTBAMU 00OMX KJIACCOB, OIM-
ChbIBasl Kak CeKpeTapsi, TaK U BPEMEHHO HaHSITOro ciyxailero. Kpome Toro, oH MOXeT UMeTb U
CBOM OCOOEHHOCTU. DTO HATAJKMBAET HAa MbICIIb, YTO MHOXECTBEHHOE HACJIEIOBAHUE MOXET I0-
MOYb HaM CIPaBUTHCSI ¢ SKCMOHEHIMATbHBIM POCTOM KOJWYECTBA MPOEKTHBIX PELIeHUi ¢ To-
MOILIbIO MAJIOTO YMCJIA TIHIATELHO MOJOO0paHHbBIX 0a30BbIX KJIaccoB. B Takom ciyyae mosb3oBa-
TeJIb CMOT Obl CO3MaTh KJAcc Jjisi MHOTOIMOTOYHOIO MHTEJUIEKTYyaJIbHOrO yKaszaresisi, MOICUMThI-
BalOILIETO KOJMMYECTBO CChUIOK (reference-counted smart ponter), BbIBeAS €ro M3 HEKOTOPOTO
KjIacca BaseSmartPtr u kimaccoB MultiThreaded u RefCounted. JIxo00ii onbITHBIN pa3paboT-
YUK KJIACCOB 3HAET, UTO 3TOT HAWBHBIN MOAXO HE paboTaer.

AHaJIU3 NMPUYUH, MO KOTOPbIM MHOXECTBEHHOE HacjieJIOBaHUE HE TMO3BOJISIET BOIUIONIATh
ruOKue MPOEKTHBIE pEIIeHUsI, TIOMOTraeT HAWTW TMpaBWIbHbBINA BbixoA. [1pobGieMbl 3akioua-
I0TCSI B CJIEAYIOILIEM.

1. Mexanuka. He cyliecTByeT CTEpEOTUITHOTO KOJa, TTO3BOJISIONIET0 OOBeANHUTh Hacle-
JIyeMble KOMIIOHEHTBI B OJJHO LI€JIOE CTAaHJAPTHBIM 00pa3oM. ENMHCTBEHHBIM MHCTpPY-
MEHTOM, JalollMM BO3MOXHOCTb OOBEAMHUTH KJacchl BaseSmartPtr, Mul-
tiThreaded u RefCounted, siBasIeTCsl SI3bIKOBBI M€XaHU3M, Ha3blBa€MBbI MHONCECH -
6eHHbiM Hacaedosanuem (multiple inheritance). st o0bennHeHUs 0a30BBIX KJIACCOB
TMPUMEHSIETCI TPOCTasl CYINEepIo3UliMs W YCTaHABJIMBAIOTCS MpaBuiaa AOCTyna K MX
YyjaeHaM. DTO COBEPUIEHHO HEIOMyCTUMO M pabOoTaeT JIUIIb B MPOCTEUIIUX CIydasix.
Yaie Bcero sl TOCTMXKEHUST XkejlaeMoro 3ddekra MporpaMMUCT BbIHYXIEH TIA-
TeJIbHO HAacTpauBaTh MOBEACHNE HACJIEAyeMbIX KJIaCCOB.

2. HUugpopmayus o munax. bazoBbie KjIacchl HE MMEIOT JOCTAaTOYHO WMHGpOPMALIMU O TH-
rmax, 4toObl BBINOJHUTH CBOI0O paboty. [IpeacraBum, Hampumep, YTO Mbl ITBITAEMCS
peann3oBaTh TIIyOOKOE KOIMMPOBAHME WHTE/UIEKTYaJIbHOTO IIOKa3aTelisi C ITOMOIIBIO
HacjienoBaHUsI OT 0a30BOro kijacca DeepCopy. Kakoit uHTepgeiic gokKeH HMMeTb
Kjacc DeepCopy? O4YeBUIHO, YTO OH BEIHYXKIEH CO3IaBaTh OOBEKTHI, NUMEIOIINE THII,
0 KOTOPOM €My HUYEro He M3BECTHO.

3. Uszmenenue cocmosHus. PazuuHbIE acIEKThI IIOBCACHUA, pCaIM30BAHHLIC B 0a30BbIX
KJ1accCax, HJOJLKHbBI BJIMATL HA OOJHO W TO K€ COCTOAHMUC. 3OT0 O3Ha4YacT, 4YTO OHM OOJIXK-

! BToT MpuMep co3maH Ha OCHOBE CTAPOTO apryMeHTa, KoTopblit Beapn Crpayctpyn (Bjarn Strous-
trup) mpuBesa B IMOJIb3y MHOXECTBEHHOTO HaclieoBaHWs B NepBoM u3naHuu kuuru “The C++ Pro-
gramming Language” (cm. Ctpayctpyn b. “f3wsixk mporpammupoBanus C++”. — M.: Mup, 1990. —
Ilpum. ped.). B 1o Bpemsi MHOXECTBEHHOE HacjienoBaHue B si3bike C++ elle He ObUIO peaTr30oBaHo.
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HBl IPMMEHSTh BUPTYyaJbHOE HaCJIeIOBaHME OT 0A30BOro Kijacca, MMEIOIIETO 3adaH-
HOE COCTOSTHME. DTO YCIIOXKHSIET pa3paboTKy M JeslaeT e¢ HEerMOKOM, ITOCKOJBKY Mpe-
ITOJIATAaeTCsI, YTO KJIACCHI ITOJIb30BATE/Isl HACIEAYIOT CBOMCTBA OT OMOJIMOTEYHBIX KjIac-
COB, a HE Ha00OOPOT.

KOM6I/IH3.T0pHOC o CBOECH npupoac, MHOXECTBEHHOC HACJI€AOBaAaHUEC CaMO I1IO cebe Heb3s
NPUMCHATD I MOAACPKKM MHOTOBAPHUAHTHBIX IMPOCKTHBIX peH.[eHMfI.

1.4. NpeumywiecTBa WaG/IOHOB

Jtst MuTalMy KOMOMHATOPHOIO ITOBEACHMST XOPOIIO MOAXOMST LIAOJIOHBI, ITOCKOJIbKY
OHM TIO3BOJISIIOT T€HEPUPOBATh KON BO BpeMSI KOMMWJISILIMU, OCHOBBIBAasICb Ha THUIIAX, yKa-
3aHHBIX TIOJIb30BATEIIEM.

ITo crocoby HacTpoiiKK 111abJOHHBIE KJIACChl MPUHLIMITUAIBHO OTIMYAIOTCSI OT OOBIUHBIX.
Ecnmu HyxXHO peanm3oBaTh KaKOW-TO CIIEIMAJIbHBIA BapyaHT, MOXHO CIIeIHAJIM3UPOBaTh
(specialize) moOble (GyHKUMU-WIEHBI 1A0JOHHOTO Kjacca, KOHKpeTu3upoBaB ero. Hampu-
Mep, €CIM 3adaH IIa0JIOH SmartPtr<T>, MOXHO CIECIUAIM3UPOBATh JIIOOYI0 (DYHKIIUIO-WICH
Kj1acca SmartPtr<widget>. DTo MO3BOJIIET XOPOIIO ACTAJIM3UPOBATh MOBEACHUE HACTpau-
BaeMoOro madJyioHa.

Boinee Toro, mjst 1mabJIOHHBIX KJIACCOB ¢ HECKOJBKMMU MapaMeTpaMyd MOXHO MCITOJIb30-
BaTh YaCTUUHYIO 1IA0JOHHYIO CIielManv3anuio (Kak Mbl YBUAUM B TJiaBe 2). DTO IaeT BO3-
MOHOCTbh CHELUATIM3UPOBATh TOJIbKO HEKOTOPhIE M3 apryMEHTOB 11a0JOHHOro Kjacca. Ha-
IIpuMep, TIpU 3aJaHHOM OIIpeneIeHUN

template <class T, class U> class SmartPtr { ... };
MOXHO CIel[MaIn3upoBaTh MabJoH SmartPtr<T, U> mias kjiacca Widget, a Takxke Ijs JilO-
0Oro Ipyroro TUMa, UCMHOJb3YS CAEMYIOIYI0 CUHTAKCUYECKYI0O KOHCTPYKIIUIO:

template <class U> class SmartPtr<widget, U> { ... };

Crartryeckasi ¥ KOMOMHATOpHasi MpupoAa 1IabJOHOB JAejaeT UX O4YeHb MpUBIEKaTeb-

HBIMU i CO30aHUA (I)pal'MCHTOB IIPOCKTHBIX pCMEHHﬁ. OpHako Ha IIyTU p€ain3aliun Ta-
KOro mnoaxoaa CymeCTBYET HCCKOJIbKO HECOUYECBUIHBIX HpCHHTCTBHﬁ.

1. Hegozmooxcno cneyuanrusuposams cmpykmypy. cnonb3ys auiib 1aOI0HBI, HEBO3MOX-
HO CHeLMalu3UpoBaTh CTPYKTYpy Kiacca (T.e. ero JaHHble-wieHbl). Crenuannusupo-
BaTh MOXHO TOJIbKO (DYHKLIUM.

2. Yacmuunas cheyuanusayus QyHKUUii-4aenos He macuimaoupyemcs. MoOXHO SIBHO crieLiMaIv-
3UPOBAaTh JIO0YI0 (DYHKLMIO-WIEH 1Ia0JOHHOrO Kjacca He3aBUCHMO OT KOJMYecTBa 111ab-
JIOHHBIX MapaMeTPOB, HO HEBO3MOXHO YACTUYHO CHELMAIA3UPOBATH OTAEIbHbIE (YHK-
LIMU-WIEHB! JJIs1 1IA0JIOHOB C HECKOJBKUMU 1A0JOHHBIMU MapameTpamu. [Tpousmoctpu-
PYeM 3TO YTBEpPXKICHHE TIPUMEPOM.

template <class T> class widget
void Fun() { ... obobueHHas peanusaums ... }

L
// OK: siBHasa cneumanusauus QyHKuum-yieHa knacca wWidget
template <> Widget<char>::Fun(Q)

{
cneunanu3nposaHHas peanusauus
}
template <class T, class U> class Gadget
{
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void Fun() { ... obobueHHas peanusaums ... }

L
// OK: sBHaA cneumanum3laums (GyHKUMM-4YneHa knacca Gadget
template<> Gadget<char, char>::Fun()

{

cneunann3npoBaHHaa peanusauma

// oumbka! YacTuyHas cneumanulauma GyHKUUU-YSieHa
// Kknacca Gadget HeBO3MOXHa!
template <class U> void Gadget<char, U>::Fun()

{
1

3. Aémop bubauomexu He Modcem 3a0amb HECKOAbKO 3HA4eHUU no ymoayanuro. B nmydiiem
ciydae TIpOrpaMMMCT, Peau3yIoninii MabJOHHBIM Kacc, MOXeT 3alaTh JUIS KaxkIoi

byHKIMKU-YIeHa OHY peaqu3aluio 1mo ymojyaHuto. lllaGimoHHas GyHKIMS-WIEH He
MOXET UMETh HeCKObKO Pealn3alinii, 3adaHHBIX 110 YMOTYAHUIO.

{ ... cneuwanusupoBaHHas peanusauums ... }

CpaBHUM CITMCOK HEIOCTaTKOB MHOXECTBEHHOIO HACJCIOBaHMS CO CITMCKOM HeIoCTaT-
KOB 1IA0J0OHOB. MHTEpEeCHO, YTO MHOXECTBEHHOE HAC/ICHOBAHME W IHAOJOHBI JOIMOJIHSIIOT
Ipyr npyra. MHOXeCTBEHHOE HacjeIOBaHHWE YCTPOSHO NOBOJHHO NMPUMHUTHBHO; IIa0JIOHBI,
Hao0O0pOT, 00/1a4aI0T OOraTbIMM BO3MOXHOCTSIMU CIIELUaIM3anun. MHOXECTBEHHOE Haclie-
JOBaHME TepsieT WH(OPMAIIUIO O TUIIAX; MAGJOHBI UMK M300mIyoT. Crenranu3anus 1mao-
JIOHOB, B OTJIMYME OT MHOXECTBEHHOIO HACJeIOBaHMS, He Mmaciurabupyercs. B mraGioHax
Ut (YHKIMK-WIEHa MOXHO 3alaTh TOJbKO ONHY pealM3allvio IO YMOJTYaHUIO M CO31aTh
HEOTPaHMUYCHHOE KOJIMYECTBO 0A30BBIX KJIACCOB.

Bce 3T0 103BOJISIET MPEATTOTIOXMUTh, YTO C TIOMOIIIBI0 KOMOMHUPOBAHUS 11a0JIOHOB Y MHOXKE-
CTBEHHOIO HACJIEIOBAHMSI MOXHO CKOHCTPYMPOBATh OYEHb T'MOKMIA MEXaHM3M, MPUTOOHBIA IS
CO3/IaHMsI OUOIMOTEK, COMEPKAIIMX TOTOBBIC 3IEMEHTBI IIPOrPAMMHOTO OOCCITCUCHHMS.

1.5. CTpaTterum m Knaccbl cTparterum

CTpaTernu M Kjacchl CTpaTeruii Mo3BoJISIIOT peayn3oBaTh O6e3omnacHblie, (G deKTUBHbIE U
JIETKO HacTpauWBaeMble B3JIEMEHTBI MPOCKTHBIX pelieHui. Cmpameeus (policy) omnpenensier
nHTepdeiic 00BIYHOTO WM 1A0JOHHOTO Kiacca. DTOT UHTepdeic COCTOUT U3 ONpeaeeHus
BHYTPEHHUX THUIIOB, (DYHKIMI-UJIEHOB U MEePEMEHHBIX-JICHOB.

IMoHaTHE cTpaTerMu MMeeT MHOTO oO0llIero ¢ xapakmepucmurxamu (traits) (Alexandrescu,
2000a), HO OTIMYAeTCs TeM, YTO B HUX MEHbIIIE BHUMAHUS YAEASeTCS TUIaM U OoJibliie —
noseieHU0. KpoMe TOro, TOHSATHE CTpaTeTUH, MPEIIOKEHHOe HaMU, HAITOMUHACT wabaoH
npoexmuposanus Strategy (Gamma et al., 1995), HO B OTJIMUMe OT HEro Kjiacchl CTpaTeruii
CBSI3BIBAIOTCST HA 3Tarie KOMITUJISILIMM.

Hanpumep, omnpeneaum crpaTervio st co3aaHusi oobekToB. CTparterusi Creator onu-
ChIBaeT IIAOJOHHBIN KJacc TUIA T. DTOT MIAOJOHHBIN KJlacc JOJDKEH TPEelTOCTaBUTh (DYHK-
LMIO-WIEH ¢ UMeHeM Create, He MMEIOILIYI0 apryMEHTOB M BO3BpalLAIOLIYI0 yKa3aTelb Ha
00BEKT Kilacca T. DTO O3HAYaeT, YTO KaxXIbIi BbI30B (DYHKIIMM Create MOJKEH BO3BpallaTh
yKazaresb Ha HOBBI 00BEKT Kjacca T. TOUHBIN PEXUM CO3JaHUSI OOBEKTA OINPENEssieTCs] BO
BpeMsI peaau3aluy CTpaTeTuu.

OrnpesieluM HEeCKOJIbKO KJIacCOB CTpaTeruii, pealusylolux cTpaternio Creator. List aToro
CYILIECTBYET TpU Crioco0a. Bo-TiepBbIX, MOXKHO MCITOIb30BaTh oreparop new. Bo-BTopbIX, BMecTO
oriepatopa new MOXHO BbI3BaTh GyHKIMIO malloc W omepatop SIBHOTO pa3MeElleHUs new
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(Meyers, 1998b). B-TpeTblix, HOBble OOBEKTHI MOXHO CO3[aBaTh, KJIOHUPYS MX MPOTOTUIIBI. Pac-
CMOTPUM 5TU METOIBI.

template <class T>
struct OpNewCreator

{
static T* Create()
{
return new T;
}
1

template <class T>
struct MallocCreator

{
static T* Create()
{
void* buf = std::malloc(sizeof(T));
if (!buf) return 0;
return new(buf) T;
}
1

template <class T>
struct PrototypeCreator

{
PrototypeCreator(T* pobj = 0)
:pPrototype_(pObj)

T* Create()

return pPrototype_ ? pPrototype_->Clone() : 0;
i* GetPrototype() { return pPrototype_; }
_v0'i d SetPrototype(T* pObj) {pPrototype_ = pObj;}
private:
T* pPrototype_;

1

JlaHHasi cTpaTerust MOXET MMETh CKOJIBKO YTOMHO peanu3anuii. Peamm3aumu crpareruit
Ha3bIBAIOTCS Kaaccamu cmpameeuti?. Kilacchl CTpaTeruii 1Mo OTOeNbHOCTH HE MCIIONb3YIOTCS.
OHM MO0 HaCNeoyIOTCsl IPYTUMHM KjlaccaMM, JIMOO coaepxKaTcsl B HUX.

CrenyeT OTMETUTD, YTO, B OTIMYME OT KIACCMYECKMX MHTep(eiicoB (KOJUICKLMI YMCTO BUP-
TyaJIbHbIX (DYHKIIMIA), MHTepEChl CTpaTernii He UMEIOT YeTKOro omnpeneieHus. CtpaTeruu opy-
EHTUPYIOTCSI Ha CUHTAKCHUC, a He CUTHATypy. VIHbIMM cltoBamu, cTpaTterus Creator OIpeleiseT,
Kakasi CHHTaKCHU4eCcKasl CTPYKTypa KJlacca CUMTAeTCsl MPaBUILHOM, M HE YTOUYHSIET, KAKME UMEHHO
¢yHKIMM KJIacc TOJDKEH peaan3oBbiBaTh. Hampumep, ctparerus Creator He yKa3bIBaeT, JOJDKHA
Jm yHKUMS Create ObITh CTATUUECKON WM BUPTYaibHOU. OHa JUllb TpeOyeT, YToObI 111a0I0H-
HBII KJtacc orpenensun pyHKuuo-4ieH Create. Kpome Toro, crtpaterusi Creator BbIpaxaeT Io-
KeynaHue (HO He mpe6yem), 4toObl (hyHKIIMSI Create Bo3Bpalllaja yKa3areslb Ha HOBbIN OOBEKT.
CrenoBartelIbHO, BIIOJHE IOITYCKAETCSI, YTO B OTHCJIBHBIX CIydasx (yHKUMSI-WwIeH Create MOXET
BO3BpallaTh HYJIb WM T€HEPUPOBATh NCKIIOUUTEIBHYIO CUTYaLIMIO.

2 D10 Ha3BaHME HEMHOTO HETOYHOE, TTOCKOJIBKY, KaK MbI BCKOpE YOEIMMCS, peain3alisiMU CTpa-
TETMU MOTYT ObITb U ulab10HHble KAACCH.

Mnaea 1. Pa3paboTka knaccoB Ha OCHOBE CTpaTerunii 31



JIJ1s1 OmMHOM CTpaTerny MOXHO peajn30BaTh HECKOJBKO KilaccoB. Bce oHM MOJKHBI COOT-
BETCTBOBaTh MHTepdeiicy, ompeneJecHHOMY cTpaTerdeil. 3aTeM, Kak Mbl BCKOpe yOemumcs,
IOJI30BaTe)Ib caM BBIOEPET, KAKOM KJIACC CTpAaTeTHH CJAEAyeT MCIIONb30BaTh B 0ojee KPYyII-
HBIX CTPYKTYpax.

Tpwu ximacca crpareruii, ornpeneeHHBIX BBIIE, UMEIOT pa3HbBIE peaan3alui U Jaxe Cler-
Ka omiMyarolecs: mHTepdeichl (HampuMep, Kiacc PrototypeCreator MMeeT ABE IOMOJ-
HUTEJbHBIE (YHKIIUM — GetPrototype um SetPrototype). OmHaKO BCe OHU OIPEACIISTIOT
(yHKkIMI0O ¢ UMeHeM Create, BO3BpallAOIIY0 3HAaUY€HUE TpeOyeMOro THMIIA, YTO COOTBETCT-
ByeT TpeOOBaHUSAM cTpaTeruu Creator.

ITocMoTprM, KaK MOXHO CO3[aTh Kjacc, MPUMEHSIIOIIMIA cTpaTteruio Creator. Takoii Kiacc
JIOJDKEH JIMOO colepKaTh TPY paHee OIpele/ICHHBIX Kilacca, MO0 HaCJIeIoBaTh MX CBOMCTBA.

// Koa 6ubnuoTteku

template <class CreationPolicy>
class widgetManager : public CreationPolicy

};

Krnaccel, ucnonb3yonie oHy WM HECKOJIBKO CTPAaTervid, Ha3bIBAIOTCS 24A6HbIMU KAdC-
camu’ (host classes). B mpuBemeHHOM BHIIIE MpUMepe Kiacc WidgetManager sBIsieTcs
[JIaBHBIM KJIaCCOM, OOJIafalolliuM OFHOM cTpaTerveit. [J1aBHbIe KacChl OOBEAMHSIIOT CTPYK-
TYpbl U (YHKIIMOHAJIbHbIE BO3MOXHOCTHU CBOMX CTpaTeruii B OIMH COCTABHOW MOJYJIb.

Ipu xoHkpetuszauuu (instantiation) mabysoHa WidgetManager KIWEHT MEpenacT emy
WCKOMYIO CTPaTEruio.

// Koa npunoxeHus

typedef widgetManager < OpNewCreator<wWidget> > MywidgetMmgr;

[Npoananu3upyem BO3HUMKILINK KOHTEKCT. Ecu 00ObekTy kiacca MywidgetMgr HyXXHO CO3-
natb OOBEKT Kilacca Widget, oH BbI3bIBacT (yHKIMIO Create() u3 MOmOOBEKTa CTpaTervuu
OpNewCreator<widget>. OmHako BBIOOp CTpaTerMu CO3JaHUSI OOBEKTOB HAXOMUTCS B KOMIIE-
TeHIIMM TOJIb30BaTeNIsl Kiacca WidgetManager. DTOT Kacc MO ONpeleeHUIO MO3BOJISIET CBOUM
T10JIb30BATEJISIM YTOUHSITH CrielM(pUIECKHe acTieKThl CBOUX (DYHKIIMOHABHBIX BO3MOXKHOCTE.

BoT B yeM 3akitoyaeTcs CyTh MPOEKTUPOBAHMS KJIACCOB HA OCHOBE CTPATEruid.

1.5.1. Peann3saynsi K1accoB CTpaTerui ¢ NoMoLUbIO LLIAa6GIOHHbIX LUAG/IOHHBIX
napameTpos

Kak u B mpeabiaynieM mpumMepe, aOJOHHbBIA apryMEeHT CTpaTeruu 3a4acTylo M3JIUIIEH.
HeobOxoguMocTh SIBHO 3aJaBaTh LIA0JOHHBIM apryMeHT cTpaTterud OpNewCreator cO3[0aeT
HeynoOcTBO. OOBIUHO TJIaBHBIM KJIacC 3HAET 3apaHee WIM JIETKO MOXET YCTaHOBUTH I1ab-
JIOHHBII apryMeHT Kjlacca cTpaTeruu. B paccMoTpeHHOM Bbllle puMepe Kiacc WidgetMan-
ager Bcerga ymnpasisieT oObeKTaMy, MUMEIOIIMMU TUIl Widget, MO3TOMYy COBEPIIEHHO W3-
JIUIITHE Y MOTEHIMAJbHO Hebe30MmacHo TpeboBaTh, YTOOBI MOJIb30BaTEb CHOBA yKa3bIBajl €T0
MPU KOHKPETU3ALUU cTpaTeruu OpNewCreator.

B aToM ciyuae kom OMOJMOTEKM MOXET UCIIOJIb30BaTh WAOAOHHbIE WabA0HHbIe napamem-
pul (template template parameters) cienyinMM 00pa3oMm.

3 HeCMOTpH Ha TO YTO C TEXHUYECKOM TOUKU 3PEHUS INIABHBIE KJIACCHI SIBISIIOTCS lllaéleHHblMll, Mbl
6yz[eM NpUACPKMUBATHCA TAaHHOI'O BLILIE OINPEACICHMA, MMOCKOJbKY M ITIaBHBIC KJIACChl, U 11aGJIOHHBIE
TJIaBHBIC KJIaCChbl NIPEACTABIIAIOT c000Ji OTHO M TO K€ MOHSTHE.
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// Koa 6ubnuorteku
template <template <class Created> class CreationPolicy>
class widgetManager : public CreationPolicy<widget>

{
1

HecMoTpst Ha BHewIHMI BUJ CMMBOJ Created He OTHOCHUTCS K OIpEAENIEHUIO Kiacca
widgetManager. Ero Henb3sl MCIOIb30BaTh BHYTPU Kiacca WidgetManager — OH Tipei-
cTaBJsieT co0oil (hopMabHbBIM apryMeHT cTpaTernu CreationPolicy (a He kiacca Widget-
Manager), MO3TOMY €ro MOXHO MPOCTO MPOUTHOPUPOBATD.

B xone mnpuioxeHus MOCTaTOYHO 3adaTh WMS 11a0JioHAa B KOHKpPETM3allMM Kjacca
widgetManager.

// Koa npunoxeHus

typedef widgetManager<OpNewCreator> MywidgetMgr;

Hcrnonb3oBaHue 11a0JOHHBIX 111a0JOHHBIX TTApaMeTPOB BMECTE C KJlacCaMU CTpaTeTuii —
HE TIPOCTO BOMpoc yno6cTtBa. OueHb BaXKHO, YTO MIABHBINA KJIACC UMEET JOCTYI K 11a0JIOHY,
1Mest BOSMOXKHOCTb KOHKPETU3UPOBATh €ro IPYyruM TUMoM. JlomyctuM, 4To 0OBbeKTy Kiiacca
widgetManager Takxke HYXHO CO37aTh OOBEKT TUIA Garget, UCTOJb3YS Ty K€ CTPaTeruio
co3aHusl 00bEeKTOB. Torna COOTBETCTBYIOIIMI KOJ MOXET BBITJISLAETh CJIEAYIOLIMM 00pa3oM.

// Koa, 6ubnunorteku

template <template <class> class CreationPolicy>
class widgetManager : public CreationPolicy<widget>

vo1 d DoSomething()

{
Gadget* pw = CreationPolicy<Gadget>().Create();

}

3

[aer nu uMCMojb30BaHMWE CTpaTervii Kakue-inbo mnpeumyliecTBa? Ha mepBbiit B3misia
HemMHoro. Bce peanusauuu crtparerum Creator TpuBHAJIBHBI. ABTOp Kiacca WidgetMan-
ager MOT TIPOCTO HaIMucaTh KO, MpeaHa3HAuYeHHbIN ISl CO3MaHus OObEKTOB, B BUIE MOMI-
cTaB/sieMoil yHKUUM, He Mpuberas K 1adaoHy.

OpHako MCMOJIb30BaHUE CTpaTervii TMpumaeT kiaccy WidgetManager HeoObIYaliHYIO THO-
KOCTb. Bo-TepBbIX, cTpaTeruu MOXHO M3MEHSITb U3gHe TaK Ke JIETKO, KaK W 1a0JOHHbIE apry-
MEHTBI TIpY KOHKpeTH3aluu Kiacca WidgetManager. Bo-BTOpbIX, MpOrpaMMUCT MOXET 3a/1aBaTh
CBOM COOCTBEHHBIE CTPATEINM, XapaKTEPHbIE TSI KOHKPETHOTO MPUIOXKEeHUsI. MOXXHO MCIIONIb30-
BaTh oreparop new, GyHKIMIO malloc, MPOTOTUIHI WX 0COObIe OMOIMOTEKH YITPABICHUS MaMsi-
ThIO, TIPUCYILIKE TOJLKO TaHHOM OrepalMoHHo cucteme. Cumyauyus vieasoum mak, 6yomo kaacc
widgetManager npedcmaensem co6oii HebOAbUIOE YCMPOLICMBO O ABMOMAMUYECKOU eeHepauuu
Koda, a noav3oeamens 3a0aem cnocod, KOMOpPbIM OH 2eHepupyem Koo.

Iy Toro ytoObl OOJIErYUTh KM3Hb Pa3paboTYMKaM MPUKJIATHBIX MPOrpaMM, aBTOp Kiacca
widgetManager MOXET OMpeneuTh HAbOp YacTo MPUMEHSIEMbIX CTpaTeruii U yKas3aTh Haubosee
MOMYJISIPHYIO CTPAaTETUIO B BUJE 3HAYEHUS 1IAOJIOHHOTO apryMeHTa, 3aIaHHOIO 10 YMOJTYaHUIO.

template <template <class> class CreationPolicy = OpNewCreator>

class widgetManager

OTMeTHM, 4YTO CTpaTery 3HAYMTESBbHO OTIMYAIOTCS OT BUPTYaTbHBIX (DYHKIIMI, KOTOpBIE
oberaroT ToT xe 3hdekr. OOIYHO MPOrPaMMUCT, PeaTU3yIOLIUi Kiacc, onpeaeisieT MyHKIMU
BBICOKOT'O YPOBHSI Yepe3 3JieMeHTapHbIe BUPTyaibHbIe (hyHKIIMU (primitive virtual function) un na-
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€T ITOJIb30BATEJII0 BO3MOXHOCTD 3aMellaTh X moBedeHre. OmHAKO, KaK IMOKA3aHO BBIIIE, CTpa-
TerM OCHOBAaHBI Ha GoJiee MOIPOOHOM MHGMOPMAIIMKM O THITAX M CTATHYECKOM CBSI3BIBAHUU. DTU
nBa (hakropa IPEICTABISTIOT COOOM BaKHBIE 3JIEMEHTBI IPOEKTUPOBAHMS, KOTOPOE HACHIILICHO
TIPaBJIaMU, ONPEACIISIOIIMMU CIIOCO0 B3aUMONCCTBUSI TUTIOB 00 3anycKa Npoepammol HA 6biNOs-
HeHue Y TUKTYIOIIMMHM, YTO MOXHO [e/aTh, a 4To — HeT. CTparerny MO3BOJISIOT T€HEPUPOBATh
MIPOEKTHI, KOMOMHHUPYSI BapMAHTHI, HE BHUKAS B MTOAPOOHOCTU MX BHYTPEHHETO YCTpOiicTBa (in a
typesafe manner). Kpome Toro, mocKoJIbKY CBSI3bIBAHME IJIABHOTO Kjlacca C €ro CTpaTervsiMu
OCYILIECTBJISIETCSI BO BpEMsI KOMITWJISILIMM, KOMITAKTHOCTh M 3((PEKTMBHOCTD MOMYYEHHOIO KOIa
CpaBHMMa C €Tr0 SKBUBAJICHTaMU, pa3pabOTaHHBIMK BPYJIHYIO.

Pasymeercst, cBOMCTBA CTpaTeruii AeIal0T MX HEYAOOHBIMM /IS IMHAMHYECKOTO CBSI3bI-
BaHWUsSI M OMHAPHBIX MHTeP(dECOB, MO3TOMY, IO CYIIECTBY, MHTep(MECH M CTpaTeruu I0-
MTOJTHSIIOT IPYT APYra, a He KOHKYPHUPYIOT.

1.5.2. Peann3sayns KnaccoB CTpaTerui ¢ NomMoLybio LLab/IOHHbIX
PYHKUMIi-451€HOB

BMecTo Mcnosb3oBaHUs AOJOHHBIX 1IA0JOHHBIX MapaMeTPOB MOXHO MPUMEHSTh 11a0-
JIOHHbIE (PYHKIIMU-WIEHbl W OOBIYHBIE KJIACCHl. DTO 3HAYUT, YTO pean3alusi CTpPaTeruu
MpeacTaBisieT coboil MPocToil kKiacc (B MPOTUMBOIOJOXHOCTD 11a0JIOHHOMY KJIACCy), COAep-
JKallM{ OMH WIN HECKOJIbKO IIa0JIOHHBIX YJIEHOB.

Hanpumep, MOXHO mepeonpeneanTh cTpaTeruto Creator U 3agaTb OOBIYHBIN
(HewabJIOHHBIN) KjIacc, coaepXkallluil 1mabioHHyo (GyHKIMIO Create<T>. DTOT Kiacc
OyIeT BBHIMISAETh CICAYIOLIMM 00pa3oM.

struct OpNewCreator

{
template <class T>
static T* Create()
{
return new T;
}
1

IMpenmyliecTBO TaKOro Crocoba OorNpeneieHUus U pealu3allii CTPaTervu 3aKoyaeTcs B
TOM, YTO OH XOPOLIO MOIAEPXKUBAETCS cTapbiIMU KoMmuisitopamu. C Ipyroil CTOpOHbI, CTpa-
TETWH, ONpene/icHHbIe TAKUM 00pa3oM, 4acTo TPYAHEe OOBSICHSTH, ONPEACIATh, PeaTU30BbI-
BaTb U MPUMEHSITb.

1.6. PaclumpeHHblie cTpaTermm

Crpaterusi Creator OINUCHIBAET TOJLKO OAHY (YHKIIMUIO-UleH — Create. OmHako B
KJlacce PrototypeCreator comepXUTcs Ha ABe (GYHKUIMM OoJblle: GetPrototype u Set-
Prototype. [IpoaHanu3upyemM BO3HUKAIOIIUI NP 3TOM KOHTEKCT.

IMockonbKy Kiacc WidgetManager HaciemyeT CBOI Kilacc CTpaTeruu, a (yHKIIMU GetProto-
type U SetPrototype SIBISIIOTCS OTKPBITBIMU WieHaMM Kjacca PrototypeCreator, 3T JBe
(yHKIIMY TIepenaroTcs Kiaccy WidgetManager M HEMOCPEICTBEHHO JOCTYITHBI KITMEHTAM.

OpHako kiacc WidgetManager obOpaliaercss TOJbKO K (YyHKIMU-UJeHy Create. DTo
BCE, UTO €My HYXKHO Ui oOecriedeHUsT CBOMX (DYHKIIMOHAJIBHBIX BO3MOXKHOCTeM. B ToO Xe
BpeMsI MOJIb30BATENSIM IOCTYIeH Oosiee GoraTelii uHTEpdeiic.

[Tonb3oBaTeNb, TPUMEHSIIONINI CTpaTeTHI0O Creator, OCHOBaHHYIO Ha TPOTOTHUIIAX, MO-
JKET HamucaThb CleayIoLUid KOJ.
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typedef widgetManager<PrototypeCreator>
MyWwidgetManager;

widget* pPrototype = ...;

MywidgetManager mgr;

mgr.SetPrototype(pPrototype);

ucnonb3lyem obbLEKT mgr

Eciu BmociaencTBUM MoJb30BaTesb PEUIMT MPUMEHMTb JPYTYIO CTPATErMio CO3AaHUs
00BbEKTOB, KOMMUJSATOP TOYHO OIMNpPEAESUT TOYKU, B KOTOPBIX HCIOJb3YeTCsl MHTepdeiic,
OPUEHTUPOBAHHBIN HA TMPUMEHEHHWE MPOTOTUIIOB. MMEHHO 3TO M TpedyeTcs OT XOpOoulo
MMPOIYMAaHHOTO TTPOEKTAa.

BosHuKaoMii KOHTEKCT OYeHb MpuBieKareseH. KiIueHTbl, KOTOPbIM HYXHbI pacIIMpeH-
HbIE€ CTpaTeruu, MOTYT M3BJIEKaTh BBITOABI U3 OoJsiee MMPOKUX (DYHKIIMOHAIBHBIX BO3MOXHO-
CTeli, He u3MeHsIs1 6a30BbIX (DYHKIIMOHAIBHBIX CBOMCTB Kjacca-Bianenblia. He 3a0biBaiiTe, 4To
noav3osameny (HO He OUOIMOTEKA) OMPEAESIIOT, KaKyl0 CTpaTeruio MpuMeHsieT kiacc. B omim-
yue OT OOBIYHBIX MHOXECTBEHHBIX WMHTep(deiicoB, cTpaTerny HalOT MOJb30BaTeII0 BO3MOX-
HOCTb 0€30MacHO A00aBJIsSITh HOBbIe (DYHKIIMOHATbHbBIE BOBMOXHOCTH TJIABHOTO KJjlacca.

1.7. leCTPYKTOPbI K1ACCOB CTpaTernm

Pa3pabaTeIBasi KJIACCHI CTPATETHIA, CIIEAYET YUYUTHIBATh ONHY BAXHYIO AeTanb. Jalle BCero
IIPU CO3JAHUU KJIACCOB, IIPOM3BOAHBIX OT CBOMX CTPaTerui, IJIaBHBINA KJIACC MCIIOJIb3YET OT-
KPBITBII UHTepdeiic. [1o 3Toi MpUUYMHE MOJIB30BATEb MOXET aBTOMATUUECKN KOHBEPTUPO-
BaTh IJIABHBIMA KJIACC B CTPAaTErMIO, a 3aTeM YAAJIUTh 3TOT yKa3aTelb C IIOMOIIBIO OIepaTopa
delete. Eciu B Kilacce CTpaTeTMy He OIpPENEICH BUPTYAIbHBINA IECTPYKTOP, NPUMEHEHUE
orneparopa delete K yka3zaTeJlo Ha OOBEKT 3TOTO KJ1acca INPUBOIUT K HEIPENCKa3yeMbIM
MOCIEACTBUAM.

typedef widgetManager<PrototypeCreator>
MywidgetManager;

MywidgetManager wm;

PrototypeCreator<widget>* pCreator = &wm; // COMHUTENbHO, HO MOXHO.

delete pCreator; // MNpekpacHoO KomnunaupyeTcs,

// HO NPUBOAUT K HemnpejcKasyembiM MOCIeACTBUAM.

OpHako orpejiesieHre BUPTYaJIbHOTO JECTPYKTOpa JJIsl CTPATeruy MPOTUBOPEUYUT €€ CTa-
TAUYECKON TPUPONE U CHUXAET MPOU3BOAMUTEIBHOCTb. MHOTME CTpaTerMu BOOOIIE HE CO-
JiepXaT JaHHBIX-YJICHOB, OMPEEsisi, 10 CyTH, JUIIb (PYHKIIMOHAIbHbBIE BO3MOXHOCTH. JI10-
0ast BUpTyaibHasi yHKIIMS TPUBOAUT K U30BITOUHOMY pa3dMepy OoOBbEKTOB AaHHOIO Kijacca,
MO3TOMY MPUMEHEHUST BUPTYaJTbHOTO KOHCTPYKTOpA CiieayeT u3beraTh.

Pemienue 3T0ii mpoGiembl 3akitovaetcs B ciaenytolueM. [Ipu BeiBoje T1aBHOro Kjacca u3
KJIACCOB CTpaTeruii ClieayeT MCIOJIb30BaTh 3allUIIEHHOE WM 3aKpbiToe HaciemoBaHue. Omn-
HAaKO 3TO MOXET OTPaHMYUTh IPUMEHEHME PAaCIIMPEHHBIX CTpaTeruil (pasmen 1.6).

[MonobHy 3amauy MOXHO JieTkO U 3(PEPEKTUBHO PElINTb, €CIU TMOTPeOOBaTh, YTOOBI
cTpaTeruy MPUMEHSIIM HEBUPTYaAJIbHBII 3alIUILEHHbBIN JECTPYKTOP.

template <class T>

struct OpNewCreator

{
static T* Create()

4 B rnase 4 IoKa3aHo, MoYEMY 3TO INPOUCXOOMT.
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return new T;

}
protected:
~OpNewCreator() {}

1
ITockombKy 1ecTpyKTOp 3allUMIIEH, OOBEKTBI CTPATETMA MOTYT YHUUTOXAThCSI TOJIBKO OOBEK-
TaMHM IPOU3BOJHBIX KJIACCOB, ITO3TOMY TCIICPb BHCIIHUEC KJIACCbl HE MOTYT IIPUMCHATL OIIC-
patop delete K ykaszarejlssiM Ha OOBEKTHI CTpaTeruii. JleCTpyKTop He BUPTyasleH, MO3TOMY
JOITIOJTHUTCJIbHBIX 3aTpaT MaMATU WJIN 3aMCIJICHUA paGOTI)I IIporpaMmbl HE ITPOUCXOOMT.

1.8. PakynbTaTUBHbIE BO3MOXHOCTU, NpeaocTaBnseMblie
HenoJIHON KOHKpeTusaumnen

Azbik C++ mpumaer cTpaTerdssM ocoOyi0 Mollb, CHa0OXasi UX WHTEPECHBIM CBOMCTBOM.
Ecnu dyHkuums-uneH mabIOHHOTO Kjlacca HUKOT/AA HE MCIOJb3YyeTCsl, OHA HE KOHKPETU3M-
PYETCSl — KOMIIWISITOP BOOGIIE UTHOPUPYET €€, IIPOBEPSS JIUILb CUHTAKCUYECKUE OLIMOKM.

OTO AaeT MIaBHBIM KjlaccaM BO3MOXHOCTb 3a/laBaTb M TIPUMEHSITh (DaKyJbTaTUBHbIE
CBOICTBA KJIacCOB cTpaTeruii. Hanpumep, onpenenaum ¢yHkuuio-wieH SwitchPrototype B
KJacce WidgetManager.

// Koa 6ubnuoTteku

template <template <class> class CreationPolicy>
class widgetManager : public CreationPolicy<widget>

{
void SwitchPrototype(widget* pNewPrototype)
{
CreationPolicy<widget>& myPolicy = *this;
delete myPolicy.GetPrototype();
myPolicy.SetPrototype(pNewPrototype);
}
1

BosHukaonuii KOHTEKCT 0YeHb MHTCPECECH.

e Ecim nosb3oBaTeib KOHKPETU3UPYET Kiacc WidgetManager ¢ MOMOIIIBIO Klacca cTpare-
ruy Creator, IommepXUBaloleid paboTy ¢ IIPOTOTUIIAMM, MOXHO HCIIOIh30BaTh (PyHK-
1m0 SwitchPrototype.

o Ecmu nomb3oBatesib KOHKPETU3UPYET Ki1acC wi dgetManager‘ C IIOMOLIbIO KJIacca CTpare-
rmu Creator, He HOILIIGp)KHBaIO].[IefI pa60Ty C MPOTOTUIIAMU, U TIOIBITACTCA UCIIOJIb30-
BaTb Q)YHKHI/IIO Swi tchPrototype, BO BpEMs KOMIIWIALIUM BOSHUKHET ommokKa.

e Eciu mnosnb3oBaTeslb KOHKPETU3MpYeT Kiacc WidgetManager ¢ IMOMOIIbIO Kiacca
cTparernu Creator, He TOIIEPXKUBAIONIC paboTy C MPOTOTUIIAMM, W HE TILITAETCS
UCMOJb30BaTh GYHKIIMIO SwitchPrototype, mporpaMma cuuTaeTcs NMpaBUIbHOM.

Bce ckazaHHOe Bblllle O3HAYaeT, YTO Kiacc WidgetManager MoOXeT MCHOJb30BaTh (ha-
KYJIbTaTUBHBIC paclIMpeHHbIe MHTEPdECH, HO TIPU 3TOM IPOA0IKAET TPaBUIbLHO paboTaTh

5 B COOTBETCTBHH CO CTAHIAPTOM $13bIKa C++ CTPOTOCTb CHHTAKCIYECKOH TPOBEPKH HENCITOMb3YeMbIX
1IAGOHHBIX (DYHKIIMI 3aBUCHUT OT KOHKpPETHOM peanm3anuu. KoMMWIATop He BBIMOMHSIET CEMaHTHYECKYIO
MPOBEPKY — HaIpuMep, TTOUCK CUMBOJIOB HE TMPOBOIUTCSI.
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M ¢ uHTepdericaMu, obafaIIuMu 06oiee 6GeTHBIMA BO3MOXKHOCTSIMHU, TOKa T0JIb30BaTeh
He TMONBITAeTCsl UCTOJIb30BaTh OMNpeeeHHbIe (yHKIIMU Kacca WidgetManager.

ABTOp KJacca WidgetManager MOXET OMpPENeIUTh CTpaTernio Creator ClaeaylomnM 00-
pasom.

Crpaterusi Creator ompejesisieT 1a0JOHHBIN Ki1acc ¢ mapaMeTpoM T, colepKaliui
dyHKMIO-YIeH Create. OTta (QyHKUUSI TOJKHA BO3BpalllaTh yKa3aTelb Ha HOBBIN
00beKT TUMNa T. B peanusalimy MOXHO OIPENeauTb Be TOMOJHUTEIbHbIE QYHKIMU-
YIEHBL:T* GetPrototype() u SetPrototype(T*), XapakTepU3yIOIIUE CEMAHTUKY
MOJYyYEeHUs] W YCTAHOBKM TIPOTOTMIIOB, WCHOJIB3YEMBIX [UISI CO3MaHUS OOBEKTOB.
B stom cnyyae kimacc WidgetManager coaepXuT (@yHKIMIO-4wieH SwitchProto-
type(T* pNewPrototype), yAaISIOLIYI0 TEKYLIMA MPOTOTUIT U 33JAIOLLYI0 €ro I
BXOJHOTO apryMeHTa.

Bmecte ¢ kimaccamu cTpaTerviii HerojiHas KOHKpeTH3alusi OOecreurBaeT 3amMeyaTesIbHYHO
cBoOOIy Mpu pazpaboTke 6ubaMoTeK. MoXHO peanu3oBarhb Tolue (lean) TIaBHBIE KJIacChl, CITO-
COOHBIE MCMOJIb30BaTh IOTIOJIHUTEIbHBIE CBOMCTBA M COCTOSIINE U3 MUHUMAJIbHBIX CTPATeTUi.

1.9. KomGuHMpoBaHue KJ1acCcoB cTpaTermm

HauGonpiiryto monab3y npuHOCAT KoMOuHauuu crpaternii. OObIYHO XOpoIllo pa3pabo-
TaHHBIN KJIacC MCMOJb3YyeT HECKOJILKO CTpaTeruil Ajsl peaiu3alii pa3HbIX acleKTOB CBOETO
(byHKiIMOHUpPOBaHMS. 3aTeM MOJIb30BaTEIb OMOJIMOTEKM BhIOMPAET HYXHBIN PEeXUM pabOThI,
KOMOMHUPYST HECKOJILKO KJIACCOB CTpaTerui.

Hamnpumep, paccMoTpuM Tiporiecc pa3paboTKu kiacca st 0000IIEHHOTO MHTEJIEKTY-
anbHoro ykazarens. (ITosHast peanuzalusi 3TOro Kjacca ocyllecTBieHa B riase 7.) lomyc-
TAM, YTO HaM HYXHO yKa3aTh JBa BapvaHTa MPOEKTHOTO PEIEeHWS, UCTOJIb3ysl CTPATEruu:
MOTOKOBYIO MOJIeJIb M TIPOBEPKY Mepes, pasbiIMEeHOBaHMEM. 3aTeM Mbl peaiudyeM 1IabjJoH-
HbII KJ1acc SmartPtr, UCMONb3YIOIIUIA ABE CTPATErUN.

template

<

class T,

template <class> class CheckingPolicy,

template <class> class Threadingmodel
>

class SmartPtr;

Knacc smartPtr nMeer Tpu 1IaOJOHHBIX MapamMeTpa — TUIT 00beKTa, Ha KOTOPbIA CChI-
JlaeTcsl yKasaTesib, W JBE CTpareruud. BHyTpu 3TOro kjiacca 3TH JABE CTpaTeruyd AeTalbHO
OMNUCaHbl, TaK YTO KJacc SmartPtr CTAaHOBUTCS XOPOIIO MPOAYMAaHHOW OOOJIOUKOM, UHTEr-
pUpyolIeil B pa3Hble CTpaTerMu, a He XKEeCTKOH, 3aKOHCEPBUPOBAHHOW peanu3aliveil.
PazpabaTbiBasi kjiacc SmartPtr TakuM 00Opa3oM, MOXHO MpPEJOCTaBUTh MOJb30BaTENI0 BO3-
MOHOCTb KOH(pUTYpUPOBaTh €ro ¢ MOMOIIbI0 onepaTopa typedef.

typedef SmartPtr<widget, NoChecking, SingleThreaded>

widgetPtr;

B pamkax HEKOTOPbIX MPUIOKEHUI MOXHO OMPEAeNsTh U MPUMEHSITh HECKOJIbKO KJlac-

COB MHTEJIJIEKTYaJIbHBIX yKa3aTesei.

typedef SmatPtr<widget, EnforceNotNull, SingleThreaded>
SafewidgetPtr;

JBe cTpaTeruy MOXHO C(HOpMyJIMPOBaTh CIICAYIOIIUM 00pa3oM.
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Crparerusi Checking. IllaGmonnsiit kimacc CheckingPolicy<T> IOMKeH coaepxarb
ynkuuo-wieH Check, KoTopylo MOXHO BbI3bIBaTbH ¢ NapamerpoM Tuma T*. [lepen pasbl-
MEHOBAaHMEM yKazaTeJssl Kjacc SmartPtr BeI3biBaeT QyHKIMIO Check, nmepenaBasi eif 0OBbEKT,
Ha KOTOPbI CCbUIAETCSl NTaHHBIN yKa3aTeb.

Crparerusi ThreadingModel. [llaGnonnsbiit knacc ThreadingModel<T> mokeH comep-
JKaThb BHYTPEHHUI THIM, Ha3blBaeMblii Lock, KOHCTPYKTOP KOTOPOIO IMOJYy4YaeT CChUIKY Té&.
Ha nporsikeHnM Bcero cyniecTBOBaHUs 00bekTa Lock Bce omepanuu Haa o0beKTaMu Tuma T
PETUCTPUPYIOTCS.

Hamnpumep, Huxe mpuBeneHa peain3aiiusi KjiaccoB crparternit NoChecking u Enfor-
ceNotNulT.

template <class T> struct NoChecking

static void Check(T*) {}
1

template <class T> struct EnforceNotNull

class NullpPointereException : public std::exception { ... };
static void Check(T* ptr)

if (!ptr) throw NullPointerException();

1

HOI[KJIIO‘{aH Ppa3HbIC KIACChl CTPATCIrun IMpPOBEPKU, MOXKHO PCAIM30BATL PA3IMYHBIC PEXKUMbI
pa6OTLI o0bekTOB. Hitke II0Ka3aHO, YTO MOXXHO JaX€ MHHUIIMAIM3UPOBATh 06’56KT, Ha KOTOpLIﬁ
CCbUIACTCA yKa3aT€Jib, SBHAYCHUEM, 3aJaHHBIM T10 YMOJIYAaHUIO, IMOJTYYMB CCHUIKY Ha yKas3aTcJib.

template <class T> struct EnsureNotNull

{
static void Check(T*& ptr)

if (!ptr) ptr = GetbDefaultvalue();

};
Krnacc SmartPtr ucnosb3yet crparervto Checking cienyrwoinrm o6pazom.

template
<
class T,
template <class> class CheckingPolicy,
template <class> class ThreadingModel
>
class SmartPtr
public checkingPolicy<T>,
public ThreadingModel<SmartPtr>

{
+;-operator—>()
{
typename ThreadingModel<SmartPtr>::Lock guard(*this) ;
CheckingPolicy<T>::Check(pointee_)
return pointee_;
}
private:
T* pointee_;
};
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OtMmeTnM, 4TO 00a kjacca crpateruii CheckingPolicy u ThreadingModel ucmnob-
3yI0T OIHU U Te Xe (GyHKuuu. OYyHKIIMOHUPOBAHUE OllepaTopa SmartPtr::operator->
3aBUCUT OT JBYX 1IaOJIOHHBIX apTyMEHTOB. B 3TOM mposiBisieTcsl cuia, TpUcyiiasi KoMou-
HUPOBAHUIO CTPATErnid.

PaznoxuB kjacc Ha OpTOrOHAJIbHBIE CTPATETMM, MOXHO OOECMEeUYUTh IIUPOKUIA CIIEKTP
PEXMMOB pabOThI C MOMOIIBIO HEOOJIBILIOTO MO 0OBbEMY KOJA.

1.10. HacTpoika CTPYyKTyp C NOMOLLbIO KJ1aCCOB CTpaTerum

OpnHO U3 OrpaHUYEHU, NMPUCYLIUX 11AbJOHaM, KaK OblIo yKazaHo B pasaene 1.4, cocTo-
WUT B TOM, YTO C TMOMOIIbIO 111a6JIOHOB HEBO3MOXHO YTOYHMTH CTPYKTYpY KJlacca — TOJBKO
€ro peXuM paboThl. B TO Xe BpeMsl MpOeKTHpOBaHWE, OCHOBAHHOE Ha MCIOJb30BaHUU
CTpaTeruii, MO3BOJISIET YTOUHUThL CTPYKTYPY BIOJIHE €CTECTBEHHBIM 00pa3oM.

HonycTM, 9TO HaM HYXXHO CO3[aTh Kjacc SmartPtr 0e3 mpuMeHeHUs yKasaTeneil. Ha-
MpYMep, Ha OTAEIbHBIX MIaThOopMax HEKOTOPbIe YKa3aTeJu MOIYT ObITb MPEACTaBIEHbl 0CO-
O6bIM 00pa3oM — B BHUJE IICJIOT0 YKCa, KOTOpOe TiepeaaeTcsl CUCTeMHON (DYHKIIMM, BO3Bpa-
IIarole HACTOSIIIMM yKa3atesb. s TOro 4ToOBl pelInTh 3Ty 3a1ady, MOXKHO OIpPEIeIUTh
JIOCTYT K yKazaTeJllo, HalpuMep, C MOMOIIIbIO cTpaTernu Structure. Dra cTparerusi abeT-
parupyet crocob xpaHeHUsT ykasarens. CiemoBaTesbHO, B 3TOM CTpaTeruu HYXXHO yKa3aTh
TUIBI C UMEHEM PointerType (TUn ykasaTenisi) U ReferenceType (TUM CCBhLIKH).

To, 4yTo THIT yKa3aTessl He 3alaH JXKECTKO KaK T*, TIPECTaBIsAeT CO00i OOJbIIoe TTPEeUMYIIe-
ctBO. Hanpumep, MOXXHO MCMOIBb30BaTh KJIacC SmartPtr ¢ HeCTaHAAPTHBIMU TUIIAMM yKazaTesei
(TakMMU, Kak yKasaTeJiu hear U far, mMpuMeHsIoIrecs: Ha KOMIBIOTepax, UMEIOINX CeTMEHTHU-
POBaHHYIO apXMTEKTypy) WM JIETKO peaiM30BaTh TakMe OCTPOYMHbIE pelleHMs], KaK (PyHKIuu
before u after (Stroustrup, 2000a). 3T BO3MOXKXHOCTH YPE3BbIUAHO MHTEPECHBI.

ITo yMonuaHMIO MHTEJUIEKTYalbHbIN yKa3aTelb XpaHUTCSI KaK MPOCTON yKaszaresib, CHa0-
JKeHHBbI UHTepdeiicoM cTpateruu Structure.

template <class T>
class DefaultSmartPtrStorage

t
public:
typedef T* PointerType;
typedef T& ReferenceType;
protected:
PointerType GetPointer() { return ptr_; }
void SetPointer(PointerType ptr) { ptr_ = ptr; }
private:
PointerType ptr_;
};
daktnueckuit cnocod XpaHEHMST TOJHOCThIO CKPHIT 3a (hacamomM MHTepdeiica crpaTernu
Structure. Tenepp Ki1acc Smartptr MOXET MCIIOJIb30BAaTh CTPATEIUIO XPAaHEHUS yKa3aTells
Storage, a He TPYIIUPOBATLCS C TUIIOM T¥*,

template
<
class T,
template <class> class CheckpPolicy,
template <class> class ThreadingModel,
template <class> class Storage = DefaultSmartPtrStorage
>
class SmartPtr;
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PazymeeTtcsi, mist Toro, 4ToObl BHEAPUTHCS B HYXHYIO CTPYKTYpPY, KJlacc SmartPtr MOJKeH
Jnbo OBITh NMPOM3BOAHBIM OT Kjlacca Storage<T>, JUOO IpynmuUpoBaThcsl ¢ OOBEKTOM THMA
Storage<T>.

1.11. CoBmecTUMbIE N HECOBMECTUMbIE CTpaTerum

HonycTuM, HaM HYXXHBI Be KOHKpPETU3allMU Kjacca SmartPtr: FastwidgetPtr, ykasa-
Tedb 0e3 mpoBepkH, U SafewidgetPtr, yKazaTeab ¢ MPOBEPKONl Mepen pa3biIMEHOBAHUEM.
BosHuKaeT MHTepECHBII BOIIPOC: HYXKHO JIM TIPUCBaMBaTh OOBEKTH Kilacca FastwidgetPtr
o0bekTaM kiacca SafewidgetPtr? CreayeT JiM IpucBauMBaTh OOBEKTHI 3TUX KJIACCOB JpY-
ruM niepeMeHHbIM? Eciu Takue npeoOpa3oBaHUs HEOOXOAMMbBI, KaK UX Peau30BaTh?

OTTanKuBasiChb OT TOM TOUKU 3PEHUs, UTO ykazareau Tura SafewidgetPtr HakiaabiBa-
10T OOJIbIIIe OTPaHWYCHUIA, YeM yKasaTeJu TUIa FastwidgetPtr, eCTeCTBEHHO IOMYCTUTh
npeobpaszoBaHue TMNa FastwidgetPtr B Tunm SafewidgetPtr. IIpuunHa 3TOro 3akjaroyaeT-
¢ B TOM, uTo s3bIK C++ yXe TMomaepKMBaeT HesIBHbIC MTPeoOpa3oBaHUsI, YBEJIMINBAIOIINE
OrpaHWYeHUsl, HAaPUMeEp, MePEMEHHBIX HEKOHCTAHTHBIX TUIIOB — B KOHCTaHTHbIE.

C npyroit cTopoHbl, CBOOOAHOE MpeodpazoBaHUe OObEKTOB Kiacca SafewidgetPtr B
00BEKTHI KJlacca FastwidgetPtr omacHO, IMOCKOJBKY B TIPWJIOKEHUSIX OCHOBHAsI Macca KO-
Jla MOXeT MCIOJIb30BaTh yKazareau Tura SafewidgetPtr, U TOJbKO HEOONbILIOE SAPO, IS
KOTOPOTO CKOPOCTh BBHITIOJTHEHUS SIBJIIETCSA KpaiiHe BasKHOM, MOXET paboTaTh C yKasaTrels-
MU Tuna FastWidgetPtr. Pa3dpeluas TOJbKO sIBHbIE, KOHTPOJUpPYeMble MpeoOpa3oBaHUsl B
TUTI FastwidgetPtr, MOXHO CBeCTH K MUHUMYMY UCITOJIb30BaHUE yKa3aTelJiei 3TOro THIIa.

Hawnydimium u HamboJiee MaclITaOUpyeMbIM CIIOCOOOM B3aMMHOIO IIPeoOpa3oBaHUS
CTpATeTUii SABJSIETCS] MHULIMAIN3allUsl U KOMMpOBaHWE OOBEKTOB Kjlacca SmartPtr cmpame-
eus 3a cmpameeueli (policy by policy), Kak mokazaHo Huke. (JIJIs TIpOCTOTHI pacCMOTpeHa
TOJIbKO OfiHa ctpaterusi — Checking.)

template
<

class T,

template <class> class CheckingPolicy
>
class SmartPtr : public CheckingPolicy<T>
{

template

<

class T1,

template <class> class CP1

>
SmartPtr(const SmartPtr<Tl, CP1>& other)
: pointee_(other.pointee_) , CheckingPolicy<T>(other)
{ ...}
;

Kinacc SmartPtr peanusyer 11abJOHHYIO KOIWIO KOHCTPYKTOPA, MOJYYalOIIyIO APYTYIO0 KOH-
KpeTu3anuio kiacca SmartPtr. Koa, BblAeNeHHBII MOMYXUPHBIM IIPUGTOM, UHULIMATAZUPYET
KOMITOHEHThI KJjlacca SmartPtr KOMIIOHEHTAMM APYToro Kiaacca SmartPtr<Tl, CP1l>, mojydyeH-
HBIMU B BUJIE aPTYMEHTOB.

Bor kak pabGoraet 3toT crioco6. (ITpocieaum 3a BeIMoAHEHUEM Koma KOHCTpykTopa.) Jlo-
IMyCTUM, Y Hac ecThb Kiacc Extendedwidget, mpousBomHbIil OoT Kiacca Widget. Ecim oObekT
Kiacca SmartPtr<widget, NoChecking> mnpoMHULIMATM3UPOBaTh OOBEKTOM  Kijacca
SmartPtr<eExtendedwidget, NoChecking>, KOMIWISTOp MOMNBITAETCS IPOMHULIMATU3UPO-
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BaTh yKaszaTesb Widget* ykaszareiem Extendedwidget* (4To BIOJIHE OOMYCTMMO), a OOBEKT
Kkiacca NoChecking — o0beKTOM Kiacca SmartPtr<Extendedwidget, NoChecking>. Bos-
MOXHO, 3TO BBITJISIAUT MOJ03PUTENIBHO, HO HE 3a0bIBaiiTe, YTO Kjlacc SmartPtr sBIsSEeTCS Mpo-
M3BOHBIM OT CBOMIX CTpaTeruii, TaK 4TO, MO CYIIECTBY, KOMITWJISITOP MOXET JIETKO pacro3Harhb,
YTO Mbl MHULIMAIU3UPYEM O0BEKT Kiiacca NoChecking ApyruM oObEKTOM TOro ke Kiacca. Ta-
KUM 00pa3oM, MPOLECC MHULIMAIM3AIMU BITIOHSETCS 0e3 TTpodieM.

Ilepeiinem Tenepb K O6osiee MHTEPECHOU YacTu. JomycTMM, HaM HYXXHO WHULMAJIU-
3UpoBaTh OOBEKT Kjacca SmartPtr<widget, EnforceNotNull> o00BbeKTOM Kiacca
SmartPtr<extendedwidget, NoChecking>. Kak u paHbliie, ykazateab Thma Extend-
edwidget* 0e3 mpobyemM MpeoOpa3oBbIBAETCS B yKasaTesdb TUIa Widget*. 3atreM KOM-
MUJISITOP TOMBITAETCS CPAaBHUTh KOHCTPYKTOPHI KjaccoB SmartPtr<Extendedwidget,
NoChecking> 1 EnforceNorNull.

Ecnu knacc EnforceNorNull peannsyeT KOHCTPYKTOpP, Mojaydaromuii o0bekT NoCheck-
ing, TO KOMIUWJIATOP CUMTAET ero gomyctuMmbiM. Eciu kiace NoChecking peanusyer omnepa-
TOp NpeobpasoBaHust B TUIl EnforceNull, BbI3biBaeTcsl (yHKIIMS, peaiu3ylolas d3TO Mpe-
oOpa3oBaHue. B octanbHbIX cydasix BO3HUKAET OIIMOKA KOMIUJISILINY.

O4eBuAHO, YTO MPM peaau3aluu Mpeodpa3oBaHUi CTpaTeruil Apyr B Apyra BO3HUKAET
yIBOEHHAasi THOKOCTh: MPeoOpa30BaHNE MOXHO PEaiM30BaTh KakK C MOMOIIIbIO KOHCTPYKTOpA,
TaK ¥ C MOMOIIIbIO omepaTopa.

[To cioxHOCTM 3TO HAIIOMUHAET OMepaTrop MpUCBAaMBAHUS, OJHAKO, K cuacThlo, Sutter
(2000) omucan o4yeHb OCTPOYMHBIN CIIOCOO, MO3BOJISIIONIMII peaJM30BaTh OINEpaTop IpH-
CBauBaHUs C TIOMOIIBIO KOHCTPYKTOpa KomupoBaHus. (OH HACTOJbKO OCTPOYMEH, 4TO O
HEM 0043ameabHo CJeNyeT MPOoYUTaTh. DTOT CMOCOO ObUT MPUMEHEH MpPU pealn3aliiu Kiacca
SmartPtr B 6ubiauoreke Loki.)

HecmoTpst Ha To 4TO NpeoOpazoBaHUs 00BEKTOB Ki1acCOB NoChecking B 0OBbeKTHI Kiacca
EnforceNotNull u maxke Ha0OOPOT MMEIOT JAOBOJILHO SICHBIN CMBIC], HEKOTOpPbIE Mpeodpa-
30BaHUsI COBEPILIEHHO OeccMmbiciieHHbI. [IpencraBbTe cebe mpeoOpa3oBaHMe yKa3aTess, MOM-
CUUTHIBAIOIIETO CCHUIKM, B YKa3aTesb, MOMACPXUBAIOIIMN JPYTyI0 CTpPATeTUIO BAAJACHUS
(ownership policy), HampuMep, YHUYTOXEHUE Mocje KonupoBaHus (destructive copy) Haro-
nobue std::auto_ptr. Takoe mnpeoOpa3oBaHME CEMaHTUYECKM HeBepHO. OmpeneneHue
yKaszaTessi, MOJACYUTHIBAIOLLETO CCHIJIKM, COCTOUT B CJEAYIOLIEM: BCE yKas3aTesld Ha OIUH U
TOT Xe OOBEKT CUMTAIOTCS M3BECTHBIMM M OTCJIEKMBAIOTCS C TOMOIIBIO €IMHCTBEHHOTO
cyetuuka. [Ipy NOMbITKE NMPUMEHUTDL APYTYIO CTPATErMIO NMPOMCXONUT HapylUEHUE WHBapU-
aHTa, rapaHTUPYIOIIETO TPaBUJIbHYIO PabOTy yKazaressi, MOACYMTHIBAIOIIETO CChIIKU.

B 3akiioueHue 3aMeTMM, YTO HESBHbIE MPeoOpa3oBaHUsl, U3MEHSIOLIUE CTPATETHIO Bia-
JIeHUsI, TPUMEHSITh HE CJIEAYeT U 00paliaThCsi ¢ HUMU HYXXHO C MaKCUMaJIbHOW OCTOPOXHO-
cThio. Jlydllle BCero M3MEHSITb CTPATETMIO BJIAJCHUS yKa3aTesleM, MOJCYMTHIBAIOLIMM CChUI-
KU, SIBHO BBI3BIBAsI COOTBETCTBYIOILIYIO (PYHKIMIO. DTa (yHKIMS OymeT yCIIeIIHO paboTaThb,
TOJIbKO €CJIM CUETYMK CChUIOK MCXOJHOTO yKazaressl paBeH 1.

1.12. PasnoxeHue KJ1acCOB Ha cTpaTermm

[lp1 TpoOeKTUPOBaHUM, OCHOBAHHOM Ha TMPUMEHEHHWU CTpaTeTuii, caMoe TPYIHOe —
MPaBUJILHO PA3JIOXKUTh (HYHKIIMOHAIBHBIC BO3MOXHOCTU Kilacca Ha cTpaTernn. OCHOBHOE
MPaBUJIO 3aKJII0YAETCS B CIEAYIOIIEM: HYXKHO MICHTU(ULMPOBAThH M HA3BATh IIPOEKTHEHIE
pellIeHus, ONpenesIone pexkuM paboThl Kiacca. Bce, YTo MOXHO cheslaTh HECKOJIbKH-
MU CIIOCO0aMM, JOJDKHO MACHTUOUUUPOBATHCS U IEPeIaBaThCs OT KJacca K CTPaTeruu.
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He 3abynbre: mpoekTHbIE pelleHUsI, 3aMypOBaHHBIE B KJacc, MOAOOHBI KOHCTAaHTaM,
“3alIUTBIM” B KOJI.

Paccmotpum, Hanpumep, kinacc WidgetManager. Eciu BHyTpu Kiiacca WidgetManager
co3JaeTcsl HOBBIA OOBEKT Kjlacca Widget, mpouecc co3ngaHus 0O0bEeKTa HYXHO IMOpPYYUThb
crparerusiM. Eciu knmacc WidgetManager XpaHUT KOJIJIEKIMIO OOBEKTOB Kiacca Widget,
WMEET CMBICIT BBIPA3UTh 3TOT CMOCOO XpaHEHWS B BUJE CTPATEruu, €CU MPU 3TOM KAKOK-TO
crieUIeCcKUil MEXaHU3M XpaHEHMSI He MMeeT 0cOOOro NMpUopuTeTa.

B upneane riaBHBI Kjacc MOJHOCTBIO OMUCBIBAETCS C TOMOLIBIO OTAEIBbHBIX BHYTPEHHUX
crpareruii. OH Jenervpyer BCEe MPOEKTHbIE PELIeHUs] WU OTpaHMYeHUS cTpaTerusiMm. Takoi
KJIacC TIpeACTaBiIsieT coOOl O0O0JIOUKY KOJJIEKLUM CTPATeTMii M TOJIBKO NTUPUXUPYET CTpa-
TErusiMu, 1OOUBASICh HYXKHOTO PeXrMa pabOTHI.

HenocraTtok 06001I€HHOTO IMIaBHOTO KJjlacca, Ype3MEPHO MEePErpy>kKeHHOTO CTPATErusMHU,
3aKJII0YAeTCs B CJUIIKOM OOJIBIIIOM KOJMYEeCTBE 1IaOJOHHBIX TapameTrpoB. Ha mpaktuke,
€CJIM KOJIMYECTBO MapamMeTpoB OOJblIe YEThIpEX, C KJIACCOM CTAHOBUTCS TPYAHO pabOTaTh.
Tem He MeHee OHU OTPaBIBIBAIOT CBOE CYILIECTBOBAHME, €CJIM TJIABHBIN KJlacc 0OecrieuyrnBaeT
CJIOXXHBIE U TOJIE3HbIe (PyHKIMOHAIbHBIE BO3MOXHOCTH.

OmnpeneneHne Kiacca ¢ MOMOIIbI0 omnepaTopa typedef mpeacraBisieT co0Oil BaKHBIN
WHCTPYMEHT, TMO3BOJISIIOIINI MCMHOJb30BaTh KJIACChI, OCHOBaHHbIE Ha cTpaTterusix. [lpume-
HEHME 3TOro oreparopa — He TMPOCTO Bompoc ynobctBa. OH rapaHTUPYET YIOPSIIOUYEHHOE
HCTIOJIb30BaHUE Kjlacca M ero Jierkoe cornpoBoxnaeHue. Hanpumep, paccmMoTpum crenyoliee
orpe/ieJIeHUe TUIA.

typedef SmartPtr
<

widget,
RefCounted,
NoChecked
>
widgetPtr;

B nporpamme ObUTO ObI MOBOJIBHO 3aTPYAHUTEIHLHO HMCIOAb30BaTh JUIMHHYIO Crieldain3a-
LMI0 KJlacca SmartPtr BMecTo Kiacca WidgetPtr. OqHaKO yTOMUTEJNbHOCTh MPOrpaMMUPO-
BaHWS HUYETO HE 3HAUUT MO CPABHEHWIO C TJIaBHBIMU TpoOJIeMaMU, 3aKIIOYAIIIMMUCS B
NOHUMAGHUU W CONpoeodcdeHuu TIporpaMMmbl. B mpoliecce MpOeKTUPOBaHUSI ONpeaeSeHUe
Ki1acca Widget MOXeT U3MEHUThCS — HarpuMep, MOXET TPUMEHSIThCSI CTpaTerusi MmpoBep-
K1, omIMyarouascss ot crpareru NoChecked. OueHb BaxHO, 4TO Kiacc WidgetPtr uc-
MOJIb3YeT BCSI MpPOrpaMma, a HE TOJIbKO XKECTKO 3aKOAMPOBAaHHAs KOHKPETHU3alus Kjacca
SmartPtr. OTO HallOMUWHAET pa3IMUYMEe MEXAY BbI3bIBAEMBIMU M TOACTaBisseMbIMU (inline)
dbynkuusimu. C TeXHUYECKOI TOYKM 3peHUs] ToAcTaBisieMast (YyHKIMST peluaeT Ty Xe 3aa-
4y, OJIHAKO CO3/1aTh a0CTPAKIIMIO HA €€ OCHOBE HEBO3MOXHO.

PacknmagpiBasi kjacc Ha CTpaTerMu, BaXHO HAWTU 0pmocoHaabHOe PAa3JIOXKEHUE
(orthogonal decomposition). Bo3dHuKaronye mpu 3TOM CTpaTeTHX COBEPIISHHO HE 3aBUCST
Ipyr oT apyra. Pacrio3HaTb HEOPTOrOHAJIbHOE DPA3JIOXKEHWE OYEHb JIETKO — B HEM pa3Hble
cTpaTerny HyXIawTcsl B MHGOPMALIMU APYT O Ipyre.

Hamnpumep, mpencraBum cebe cTpatervio Array B MHTEJUIEKTYaJlbHOM yKaszaTesie. OTa
CTpaTervsi OYeHb MPOCTa — OHA AUKTYET, CChUIAETCS WHTEJUIEKTYaJIbHBIM yKa3aTeslb Ha Mac-
CUB WUJIM HET. MOXHO OIpeneuTh CTpaTeruio Array Tak, 4ToObl OHa colepxana (PyHKIUIO-
yaeH T& ElementAt(T* ptr, unsigned 1int index), a Takke aHAJIOTUYHYIO BEPCUIO
s tana  const T. B crparerusix, He paboTaplMx C MaccuBaMu, (QYHKLUS
ElementAt MpOCTO HE OIMNpeAesieTcsl, MO3TOMY TOMbITKA €€ HCIOoJIb30BaTh TMPUBEAECT K
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omnbke BO BpeMsi koMmwisinvu. DOyHkunst ElementAt, B COOTBETCTBMM C OIPEACICHUEM,
IaHHBIM B paszmene 1.6, mpencraBisgeT coboi (haKyIbTaTUBHYIO paCIIMPEHHYIO (DYHKIMO-
HaJIbHYIO BO3MOXHOCTb.

Peaymzarum aByx KjiaccoB, OCHOBaHHBIX Ha CTpaTerdu Array, IpHBEICHBI HIXKE.

template <class T>
struct IsArray

¢ T& ElementAt(T* ptr, unsigned int index)
return ptr[index];
const T& ElementAt(T* ptr, unsigned int index) const
return ptr[index];
};

template <class T> struct IsNotArray {};

INpoGnema 3akmovyaeTcss B TOM, YTO NIpeAHa3HAuUeHWEe CTpaTernu Array (ykasaTb, CChLIaeTCs
VHTEJUIEKTyaJIbHBIN yKa3aTedb Ha MAacCUB WIM HET) TUIOXO COIJIaCOBAaHHO C IPYroil cTpareruein —
paspyllieHreM. YHUYTOXaTh yKa3aTeJu Ha OOBEKThbl MOXHO C TOMOIIBIO oreparopa delete, a
yKazaTeJu Ha MacCUBbI, COCTOSIIIIME U3 OOBEKTOB, — oreparopoM delete[].

JIBe He3aBUCUMBIE APYT OT APYyra CTPATErdy SIBJISIIOTCS OPTOrOHAJIbHBIMU. Ha ocHOBaHUM
JNIAHHOTO OTPEeJeIeHNS MOXHO YTBEPXKIaTh, YTO CTpaTeruu Array v Destroy He SIBISIIOTCS
OPTOTOHATBHBIMM.

[ns Toro 4toObl onucath Cocod paboThl ¢ BeJIMYMHAMM, XPAHSIIMMUCS B MaccuBe, U
croco® YHMUUTOXEHUSI OOBEKTOB B BMIE OTAEIbHBIX CTpaTeruil, HeOOXOAMMO OMUCATb HX
B3aumoneiicreue. Harpumep, B crpateruu Array, kpome yHKIIUA, MOXHO TIPEIyCMOTPETh
OYJIEBCKYIO KOHCTaHTY U TepefaTh ee B CTpaTeruio Destroy. OTo OCIOXHSET U HECKOJbKO
OTpaHWYMBAET MPOIECC MPOSKTUPOBAHUS 00EUX CTPATETHiA.

HeopToroHanbHble CTpaTerMu HECOBEPIIEHHbI, TTO3TOMY HYXXHO CTapaTbCsi UX U30eratb.
OHUY CHUXAIOT YPOBEHb TUIIOBOM OE30MACHOCTU BO BpeMsI KOMIUJISILIUM U YCIOXHSIIOT MpPO-
1iecc pa3paboTKM Kak TJIaBHOTO Kjacca, Tak U KJIACCOB CTpaTerui.

Ecnau npuxonutcs mpuberatb K HEOPTOTOHAJIBHBIM CTpPaTeTUSIM, HYXXHO XOTsI Obl MUHU-
MU3MPOBATh UX B3aMMHYIO 3aBUCUMOCTb, MepeaBasi KJacc CTpaTeruy B KauecTBe apryMeHTa
1mabJoHHOW (DYHKIIMM IPYroro Kjacca CTpaTeruy. DTOT CMOoco0 KOMITEHCHUPYET HEeIOCTaTKH,
CBsI3aHHbIE C HEOPTOTOHAJILHOCTBIO, 32 CUET TMOKOCTH, MpUCYIleil uHTepdelicaM, OCHOBaH-
HbIM Ha 1abysioHax. TeHeBOW CTOPOHOI 3TOr0 MeTojga ocraeTcs TOT (hakT, YTO OIHa CTpa-
Terusi JOJKHA SIBHO 3a7aBaTh HEKOTOPbIE JETAIM peau3aluy ApYyrux cTpateruii. 1o CHU-
JKaeT CTeNeHb MHKAICYJISILINH.

1.13. Pe3iome

IMpoexTpoBaHue — 3T0 BBIOOP. Yaille Bcero mpobsiema 3aKjioyaeTcss He B TOM, YTO 3a-
Jaqy B TIPUHIIMITE HEBO3MOXHO PEIIUTh, a B TOM, YTO Y Hee CYLIECTBYET MHOXECTBO CITOCO-
0oB peuieHus. HeobxoauMo 3HaTh, Kakve M3 BO3MOXHBIX PElIeHUI YIOBJIETBOPUTEIbHO
pelIalT MOCTABAEHHYIO 3a7a4y. DTO BBIHYXKIAeT HAC MEPEeXOAUTh OT BBICIIMX apXUTEKTYp-
HbIX YPOBHEN K HU3IIUM. Bosee Toro, BbIOpaHHbIE BapUaHThl MOXHO KOMOMHUPOBATb, YTO
MPUBOJIUT K TOSIBJICHUIO “TIPOKJISATUSI BBIOOpA” M3 OOJIBIIOTO KOJIMYECTBA BAPUAHTOB.

Hnst Toro 4ytoObl MPeomoJieTh “TIPOKJISITUE BbIOOpPA” C MOMOIIbIO KOJa, MMEIOIIEeTro pa-
3yMHBI€ pa3Mepbl, pa3pabOTYMKU OMOIMOTEeK, TpeAHa3HAYEHHBIX I TPOCKTUPOBAHUS
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MPOrpaMMHOTr0 obecrieueHusi, TOJDKHBI M300peTaTh M TMPUMEHSITh CrelUalIbHbIE CIIOCOOBI.
M3HavasbHO 3TH MeTOAbl ObUIM MpeAHa3HaueHbl IJ1s1 oOecreyeHusi TMOKOCTH MpU aBTOMa-
TAYECKON TeHepalMy KoJla B COYETAHWM C HEOOJIbIIMM KOJWYECTBOM 3JIEMEHTApHBIX MeXxa-
Hu3MoB (primitive devices). Camu no cebe OGMOIMOTEKM TMPEAOCTABISIOT OIPOMHOE KOJIMUe-
CTBO TaKuMX MexaHu3MoB. bojee Toro, oHu coaepxar crneyugurxayuu (specifications), Ha oc-
HOBE KOTOPBIX CO3JAIOTCSI HOBble MEXaHU3Mbl, TaK YTO MOJIb30BATElb MOXET CO3[aBaTh HUX
CaMOCTOSITEJIbHO. DTO CYIIIECTBEHHO BJIMSIET Ha OTKPBITOCTh (open-ended) mpoekTHpoBaHUs,
OCHOBaHHOTO Ha CTpaTervsx. DTU MeXaHU3Mbl Ha3bIBAIOTCS cmpameeusmu, a UX peansa-
LIUU, COOTBETCTBEHHO, HA3BbIBAIOTCS KAACCAMU cmpameull.

MexaHu3M CTpaTerMy OCHOBaH Ha KOMOMHAUMM 111a0JIOHOB U MHOXECTBEHHOro Hacje-
noBaHus. Kiace, ucmonb3yoonumii crpateruu (MJIaBHbINA KJIacc), MpeacTapisieT coboi 1mabioH
CO MHOTMMM IIAOJOHHBIMU MapaMeTpaMM (4acTO Ha3blBAEMbIMU WAOAOHHbIMU WAOAOHHBIMU
napamempamu), KaKIObIH W3  KOTOPbIX  SIBISIETCSl  cTpaTerneil.  [yaBHBIA  Kjacc
“nepeaspecoBbiBaeT” 4YacTU (PYHKUIMOHAJbHBIX BO3MOXHOCTEH CTpaTerusiM U AEMCTBYeT B
KayeCcTBE XpaHWJIMIIA HECKOJbKMX COTJIACOBAHHBIX MEXYy COOOM CTpaTeruit.

Kuaccbl, mocTpoeHHbIE Ha OCHOBE CTpaTeruii, 00yagaloT O00OraTbiIMM BO3MOXHOCTSIMU U
9JIETAHTHO PACKJIAAbIBAIOTCA Ha (DYHKIMOHAJIbHbIE CBOWCTBA. CTpaTerusi MOXeT oOecrevu-
BaTh (hYHKIIMOHAJIbHOE CBOMCTBO, MepeaaBaeMoe INTABHOMY KJIAcCy C MOMOIIbIO OTKPBITOrO
HacyienoBaHusl. bosee Toro, miaBHBINM KJIacC MOXET peajvM30BbIBATh paCIIMpPEeHHbIe (PyHK-
LIMOHAJIbHbIE BO3MOXHOCTH, KOTOpbIe MCHOJbL3YIOT (DaKyJbTaTHBHbIE CBOWCTBA CTpaTerwuid.
Ecnu  dakynpraTuBHBIE (YHKUIMOHAIbHBIE BO3MOXHOCTHM HE TIPEAyCMOTPEHbBI, TJIaBHBIN
KJIacC KOMITWJIMPYETCSl YCIEUIHO MPU YCJIOBMU, YTO pacllMpeHHble (QYHKIMOHAIbHbIE BO3-
MOHOCTU HE UCTIOJIb3YIOTCS.

Molupb ctpartervii mposiBisieTcsl 4epe3 MX CIOCOOHOCTb CMEIIMBATHCS W HACTPaMBaThCH.
Kracc, ocHOBaHHBIN Ha MPUMEHEHWM CTpaTeTHii, MOXET PEeaM30BBIBATh PA3IUYHBIC PEXKU-
MbI pabOThl, KOMOMHMPYsI OoJiee MPOCTbie BUABI MOBEACHUSI, MPEAYCMOTPEHHbIE CTpaTeTus-
MH. DTO MpeBpalaeT crparerui B 3((GEKTUBHOE CPEACTBO IIPOTUB “IIPOKIISITHSI BBIOOpA™.

Hcnonb3yst knacchl cTparervii, MOXXHO HAcTpauMBaTh HE TOJBKO PEXHUM pPabOThl, HO U
CTPYKTYpY. DTO BaXKHOE CBOWCTBO BBIBOAMT IMPOCKTUPOBAHME, OCHOBAHHOE Ha CTPATETHSIX,
32 paMKHU MPOCTOro reHepUpPOBAHUSI TUIIOB, XapaKTEPHOTO JIsI KOHTEMHEPHBIX KJIACCOB.

Kitaccel, ocHOBaHHBIE Ha CTpaTerusx, OOeCIIeuMBaIOT TMOKOCTh mpeoOpa3zoBaHmii. [lpm
WCIOJIb30BAaHUU KOMMUPOBAHUSI “CTpaTerusi 3a cTpaTerveil” Kaxnas CTpaTerusi MOXeT pacrio-
3HaBaTh, K KaKUM elle CTpaTeTussM OHa MMeEeT JOCTYI, WJIA IPeoOpa3oBBIBATLCS B HUX C
MOMOIIIbIO COOTBETCTBYIOLIETO KOHCTPYKTOpA MpPeodpa3oBaHus, oneparopa npeodpa3oBaHusl
WM 000MX OTHOBPEMEHHO.

Pa3ouBast kiacchl Ha CTpaTeruu, Hy>KHO CJIel0oBaTh JBYM BaxKHbIM MpuHIMMaM. [lepBblit U3
HUX — CJIeyeT JIOKAIM30BaTh, Ha3BaTh M M30JIMPOBATh MIPOSKTHBIC PEIleHUsT B Kiacce. DTa 1eib
SIBIIIETCST TIPEMIMETOM KOMITPOMHCCA I MOXKET OCTUTAThCS PA3IMIHBIMU TMyTIMU. BTopoil mpuH-
LIMI — HY>XHO UCKaTb OPTOrOHAIbHbIE CTpaTeruu, T.e. CTpaTerru, He HyKIaloluecs BO B3aUMO-
TEACTBUU IPYT C IPYTOM 1 CIIOCOOHBIE U3MEHSTHCS HE3aBUCHMMO APYT OT Apyra.
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NMPUEMBI NPOrPAMMWPOBAHUA

B sroit raBe omuchiBaeTCsl MHOXECTBO TMPHUEMOB IporpaMMUpoBaHMsl Ha si3bike C++,
WCIOJIb3yEeMbIX Ha MPOTSKEHUU Bceil KHUTU. [TOCKObKY 3TH MpUEeMbl OKAa3bIBAIOTCS TMOJIe3-
HBbIMU B Pa3HbIX CUTyallUsIX, OHU OINHUCHIBAIOTCS B MAKCMMAaJIbHO OOIIeM BHUAE, UTOOBI UX
JIETKO ObUIO MPUMEHUTH MOBTOPHO. Taknum o0pa3oM, OIWMH U TOT X€ MPUEM MOXET UCIOJb-
30BaThCsl B Pa3HBIX CUTyalMsiX. HekoTopble M3 3TUX TIPUEMOB, HANpUMeEp, YaCTUYHAs CIie-
nManu3anus 1adJoOHOB, MPEACTABSIOT CO0Ol OCOOEHHOCTH $I13blKa MPOrpPaMMUPOBAHMUSI.
[pyrue, HanpuMmep, TMarHOCTUYECKME YTBEPXKACHUS Ha aTare KoMnuiasuuu (compile-time
assertions), mporpaMMUPYIOTCSl OTAEIbHO.

B sToii rmaBe paccmarpuBalTCs CAEAyIONIME MPUEMbl U MHCTPYMEHTHI MPOTPAMMU-
pOBaHMUS.

e CraTuyeckasi poBepKa IMarHOCTUUECKUX YTBEPKACHUIA.
e YacTuyHasg cnenmanvsaums 11a0JOHOB.
e JlokajbHBIE KJIACCHI.

o OrToOpaxxeHUs] MeXay TUNaAaMM M 3HayeHusiMU (11abJIOHHBIE Kjacchl INt2Type u
Type2Type).

e [llabmonHbIN Kacc Select, cpeacTBO IjIsI BEIOOpa THUIIA HA 3Talle KOMITWISIIIAM Ha
OCHOBE MPOBEPKU JIOTUYECKOTO BBIPAXKECHUS.

e Pacro3HaBaHMe KOHBEPTUPYEMOCTH U HACJIEIOBAHUS Ha 3Tare KOMITWISLIAN.
o Kiacc TypeInfo, ynobHas obosiouka st Kiacca std: :type_info.

e Kiacc Traits, KoJUIeKIIUS XapaKTepUCTHK (traits), MpMMEHUMBIX K JIIOOOMY THUIMY B
sa3bike C++.

BagTbie Mo OTHENbHOCTH, KaXKAbliA TIPUEM U COOTBETCTBYIOLIUI €My KO MOTYT BBITJISIIETh
TpuBUATLHO. OOBIYHO MX pa3Mep He mpeBbilaeT 5—10 BMOJHE MOHSATHBIX CTPOK. OMHAKO 3TH
TpYeMbl TTPOTPAMMUPOBAaHUST 00JIaAaI0T BAXKHOM OCOOEHHOCTHIO: OHU “HETEPMUHAJILHBI”, T.€.
X MOXHO KOMOMHMPOBATb IPYr C APYI'OM, T€HEPUPYSl MAMOMBI BBICOKOTO YPOBHsS. B coBo-
KYITHOCTM OHM O0OpPa3yloT COJMAHYIO OCHOBY Ul CITY>XXeOHOW OMOJMOTEeKU, MO3BOJISIONICH CO3-
JIaBaTh MOIIHbIE apXUTEKTYPHbIE KOHCTPYKLIMHU.

[TpueMbl MUTIOCTPUPYIOTCS MPUMEpaMH, a HE CyXuM omnmucaHueMm. Yuras Apyrue riaBbl
KHUTH, Bbl MOXETE BO3BPALLATHCS K 3TOW IJIaBe 3a CIIPaBKaMM.



2.1. Ctatnyeckas npoBepkKka ANarHoCTU4eCKunx
YyTBEPXAEHUN

C mnosiBeHUeM 00OOIIEHHOTO TporpaMMupoBaHus Ha s13bike C++ BO3HUMKIIA HEOOXOMM-
MOCTb B 00Jie€ COBEPUIEHHBIX CPEICTBAX CTATUUYECKOW MPOBEPKU (M Oosiee KOHKPETHBIX CO-
o01IeHUSIX 00 OlIMOKax).

HoryctM, 4TO Bbl pa3pabarbiBaeTe (YHKUMIO ISl OE30MacHOro MpuBeNeHUs] TUIOB (safe
casting). BaM Hy>XHO TIpMBECTH OIMH TUIT K IPYTOMY, He TIOTEPSIB TIPU 3TOM MHOOpMAIIHIO, TIPH-
YyeM TUIIbl OOJIbLIEr0 pa3Mepa He TOKHBI MPeoOpPa3oBbIBATHCS B TUMBI MEHBILIETO pa3Mepa.

template <class To, class From>

To safe_reinterpret_cast(From from)

¢ assert(sizeof(From) <= sizeof(To));

return reinterpret_cast<To>(from);

}

DTa (YHKIUST BBI3BIBACTCS C TOMOIIBIO TOYHO TaKOM e CUHTAKCUYECKON KOHCTPYKIIVH,
KaK M BCTPOEHHOE MPUBEAECHUE TUIIOB B si3bike C++.

int i = ...;

char* p = safe_reinterpret_cast<char*>(i);

[I1abmoHHBIN apryMeHT To yKa3bIBaeTcsl SIBHO, a IIAOJIOHHBIM apTyMEHT From KOMITUJISITOD
BBIBOJIUT CAMOCTOSITEIbHO, aHAIU3UPYsl TUIM MepeMeHHol i. CpaBHUBasi pa3mepbl, MOXHO
yOeIUThCs, YTO TUM, K KOTOPOMY BBHITIONHSIETCST TIPUBEACHUE, CIIOCOOCH XPAaHUTh BCE OWTHI
BEJIMYMHBI MPUBOAMMOrO TuMa. TakuM 00pa3oM, YKa3aHHbBII BbIllle KO JIMOO BBHITIOJHSIET
Bpojie OBl MPABUIILHOE MPUBEICHWE TUIOB!, MO0 MPOBEPSET TUATHOCTHYECKOE YTBEPKIE-
HME B XOJI¢ BBITIOJTHEHUSI IIPOTPaMMBI.

OueBUIHO, ObLIO OBI ropas3no yaoOHee OOHApPYXMBAThb TaKWME OLIMOKM Ha 3Tare KOMIU-
qamuu. [lpexne Bcero, MpUBeACHUE TUTIOB MOXET HAaXOAWTHCS B OUYEHBb PEIKO MCIIONb3ye-
MO BeTBM Mporpammbl. [Ipu mepeHoce MPUIOXEHUS] Ha HOBBIA KOMIWISTOP WJIM IIaT-
(opMy HEBO3ZMOXHO 3alTOMHUTbH BCE MAIIMHHO-3aBUCHMBIC YacTHU IMPOTPaMMBI, TTIO3TOMY B
MPUJIOKEHUM MOTYT OCTaTbCsl CKPBIThIE OIIMOKU, KOTOpbIe MPUBEIYT K €€ Kpaxy MpsiMO Ha
rJla3ax y Balllero 3aKa3uuKa.

OpHako Bce He TaK Oe3HazexxHO. BeipaxeHus, mojuiexallire BbIYMCIECHMIO, SIBJSIOTCS
CTaTUYEeCKMMM KOHCTaHTaMM (compile-time constant). DTo O3HAYaeT, YTO HX IIPOBEPKY
MOXHO OCYUIECTBJISITb Ha 3Tare KOMIWJISILIMM, a HE B XONe BHIMOJHEHUsT mporpaMMbl. Mnes
3TOTO TIOAXOAA 3aKiIovaeTcsl B cieayionieM. KoMmwisTopy mepenaercss sI3bIKOBasl KOHCT-
DPYKILIMSI, SIBJISIIOLLAsICSl TOMYCTUMOM, €CIM 3HaYeHUEe BbIPAKEHMS HE PaBHO HYJIIO, M HEAO-
MMyCTUMOI B TIPOTUBHOM ciiydae. TakuM oOpa3oM, TOIYyYMB BhIpakeHUe, 3HAYCHNUE KOTOPOTO
PaBHO HYJIIO, KOMITWJISITOP BBIIACT COOOLLEHNE 00 OLIMOKE.

IMpocrTeitiiree perieHne 3amauv CTaTUYECKON TTPOBEPKU JTMATHOCTHYUECKUX YTBEPXKICHUIMA
(Van Horn, 1997) onnHakoBo Xopolilo padoTaeT Kak B si3bike C, Tak U B s13biKe C++, 1 oc-
HOBaHO Ha TOM, YTO MAaCCHUBBI HYJICBOU JJIMHBI 3alpelICHBI.

#define STATIC_CHECK(expr) { char unnamed[(expr) ? 1 : 0]; }
Tenepp HanmIeM CIIeOyIOIINI (pparMeHT.

template <class To, class From>
To safe_reinterpret_cast(From from)

{

1 B GosbLIMHCTBE KOMIBIOTEPOB, T.€., HCMOMbL3Ys (ByHKUMIO reinterpret_cast, HUKOrIa Helb-
351 OBITh YBEPEHHBIM B yCIIEXe.
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STATIC_CHECK(sizeof(From) <= sizeof(To));
return reinterpret_cast<To>(from);

void* somePointer = ;

char c = safe_reinterpret_cast<char>(somePointer);

Ecnm pasMep cucTeMHOTO yKaszaressl TIpeBBIIIaeT pa3Mep CUMBOJIA, KOMITMIIATOP BBIAACT CO-
o0lleHKe, YTO MporpaMMa MbITaeTCsl CO31aTh MACCUB HYJIEBOM JJIMHBI.

C 3TUM TOOXOOOM CBsi3aHA OmHA IIpolOJieMa — cooOIIeHHe 00 OIIMOKe, BBhIIaBacMOe
KOMITWJISITOPOM, MajionH(hopMaTuBHO. “HeBO3MOXHO cO31aTh MacCUB HYJIEBOU JJIWHBI” CO-
BCEM He O3HauaeT, yto “Tun char caumkoM y3ok s ykazateas”. CaenaTb cooOLIEHUsT 00
OIIMOKAX HACTpauBaeMbIMM U TIAT(POPMHO-HE3aBUCUMBIMU OYEHBb TPYAHO. JJIsT coobIIeHMI
00 o1MbKax He CyLIECTBYeT MpaBui. Bce oHM XxapakTepHbl JULIb VISl JaHHOTO KOMITUJISTO-
pa. Hampumep, eciu ommbKa OTHOCUTCS K HEONpeaeeHHOM MepeMeHHOM, UMsI 3Toi mepe-
MEHHOU B COOOIIEHUN MOXET He YKa3bIBaThCSl.

Topasmo syudiie MONTOXUTBCS Ha IAOJOHBI, UMetolMe nHopMaTuBHBEIE UMeHa. K cya-
CTbIO, KOMIUWJISITOP 00513aH yKa3aTh UMSsI TaKOTO 111a0JIoOHa B COOOILEHUU 00 OLInOKe.

template<bool> struct CompileTimeError;
template<> struct CompileTimeError<true> {};

#define STATIC_CHECK(expr) \
(compiTleTimeError<(expr) != 0>Q0))

CrpyKtypa CompileTimeError sIBAsieTCSl 1IA0JIOHOM, MOJyYalolMM TapameTp, He SIB-
Jisonuiics TunoM (OyeBCKy0 KoHcTaHTy). OHa omnpeneieHa TOJAbKO AJIs 3HAueHUs true
9TOi OyJeBCKOW KOHCTaHThl. Eciu mombITaThecsl KOHKPETU3UPOBATH 11A0JIOH C TMOMOIIbIO
BbIpaXXeHMs1 CompileTimeError<false>, KOMOWISTOP BBIIACT MPUMEPHO TaKOE COOOIIE-
Hue: “HeomnpenenenHas cneuumanusanusi CompileTimeError<false>”. Bro cooliueHune
HEMHOTO cojiepXKaTejbHee MPeabIaylero U TOBOPUT O TOM, YTO OLIMOKa caejlaHa MpeaHa-
MEpEHHO.

Pasymeertcst, 3mech ecTh MPOCTOp /ISl COBEPIIEHCTBOBaHUSI. MOXHO JIM HACTpauWBaTh CO-
obuieHust 06 ommbkax? Maest coctout B cienyrouiemM. HyxHo nepenaTh HOMOTHUTEIbHBIN
rnapameTp B 111a0J0H STATIC_CHECK U KaKUM-TO 00Opa3oM ciejiaTh TakK, YTOObl OH TOSIBUJICS
B coobmennu o6 ommbke. K Hemocrarkam 3TOro ImpueMa ciemyeT OTHECTH TOT (PaKT, 4TO
HAacTpanBaeMoOe COoOO0lIeHUE 00 OIIMOKe AOMKHO MOTUYUHSTBCA TMpaBuiIaM OOpa30BaHUS
uneHTudukaTopoB B si3bike C++ (He comepxkaThb MpoOEIOB, HE HAUMHATHCS C LUGPH U
T.A.). DTO TPUBOAUT K YJIY4YLICHHON Bepcuu I11abjaoHa CompileTimeError, moka3aHHOM
HKe. PakTryecku 11abjaoH CompileTimeError B HOBOM KOHTEKCTE CTAHOBUTCSI MaJIOIO-
HATHBIM. bosiee ocMBIC/IEHHBIM SIBJIsSIETCS 11a0a0H CompileTimeChecker.

template<bool> struct CompileTimeChecker;

{
CompileTimeChecker(...);
1
template<> struct CompileTimeChecker<true>{};
#define STATIC_CHECK(expr, msg) \
{ Loki::CompileTimeError<((expr) != 0)> \
ERROR_##msg; \
(void) ERROR_##msg; }

IMpennonoxum, yto sizeof(char) < sizeof(void*). (CraHmapT si3biKa HEe TapaHTH-
DYET, YTO 3TO BbIpaXXeHUE 00s3aTebHO SIBJISIETCS UCTMHHBIM.) TTocMOTpUM, YTO MPOU30Ni-
JIET, €CJIM HaIucaTh CJIEAYIOINi (DparMeHT POrpaMMBbI.
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template <class To, class From>
To safe_reinterpret_cast(From from)

{
STATIC_CHECK(sizeof(From) <= sizeof(To),
Destination_Type_Too_Narrow) ;
return reinterpret_cast<To>(from);
}

void* somePointer = ...;
char c = safe_reinterpret_cast<char,void*>(somePointer);

IMocne ob6paboTky Makpoca mperpoleccopoM kon ¢GyHkKuuu safe_reinterpret_cast
TPUMET CIAEAYIOIINAIN BUL.

template <class To, class From>
To safe_reinterpret_cast(From from)

{
class ERROR_Destination_Type_Too_Narrow {};
(void)sizeof(
compileTimeChecker<(sizeof(From)) <= sizeof(To))>(
ERROR_Destination_Type_Too_Narrow ()));
}
return reinterpret_cast<To>(from);
}

OT1oT KoM, onpenensieT Aokavhbiil kaace (local class) ERROR_Destination_Type_Too_Narrow,
MMEIoNIMi MycToe Tejso. 3aTeM OH CcO3[laeT BpEMEHHOe 3HaueHue Tuma Ccom-
pileTimeChecker<sizeof(From) <= sizeof(To))>, UWHUUMAIU3UPOBAHHOE Bpe-
MEHHBIM 3HayeHWeM TuNa ERROR_Destination_Type_Too_Narrow. B 3akimoueHue
orepatop sizeof BbIUMCISET pa3Mep BO3ZHUKIIEH BPEMEHHON MEePeMEHHOM.

A Tenepb crnenaem ¢okyc! Crienpanu3anusi CompileTimeChecker<true> conepXXUT KOHCT-
DPYKTOp, HE MMEIOIIMI apryMEeHTOB. DTO 3HAUMT, YTO €CJIM BbIpaXKEHME, TIPOBEpsieMOe Ha 3Tarie
KOMITWJISILIMM, UMEET 3HAUYeHWE true, TO MOJTYyYEHHas! B pe3yjibTaTe Mporpamma CUMTAaeTCs Ipa-
BUJIbHOI, B MPOTMBHOM CJlyyae BO3HUKAET OIIMOKA KOMIWISIMU. KOMIUISTOP HE MOXET BbI-
MOJIHUTh TMpeoOpa3oBaHMe M3 TUMa ERROR_Destination_Type_Too_Narrow B TuUn Com-
pileTimeChecker<false>. [IpusitHee Bcero, 4to Temepb KOMMUJISTOP BBIBOAWUT MPUOIU3U-
TEJbHO TakKoe coolOlieHue 00 omudke: “Ommbka: HEBO3MOXHO Ipeodpa3oBaTh THII
ERROR_Destination_Type_Too_Narrow B TuI CompileTimeChecker<false>".

Ectb!

2.2. YacTnuyHag cneuanu3auusa LLabnoHOB

YactTuyHasg crneuuanu3anusi 1A0JOHOB TMO3BOJSIET CHEUMAJIM3UPOBATh 1IA0JIOHHBIN
KJIacC C MOMOIIIbIO TTOIMHOXECTBA €r0 BO3MOXHBIX MTapaMeTPOB KOHKPETU3ALIUU.
PaccMmoTpuM 11ab0HHBIN Kitace Widget.

template < class Window, class Controller>
class widget
obobueHHas peanusauus
1
[IprMeHUM SIBHYIO CIIeLAAIM3alMIO 11a0jIoHAa.

template <>
class widget <Modalbialog, MyController>
{
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crneunanusvMpoBaHHas peanv3sauus

};

Knaccel ModalDialog 1 MyController omnpeaensitoTcs B NPUKIIAIHON IIporpaMMe.

OOHapyXUB OIpefesieHre CrielMainu3alnum kinacca Widget, pu onpeaeieHu 00beKTOB
tura widget<ModalDialog, MyController> KOMIWISATOp OydeT MPUMEHSTH CIELAIM-
3UPOBAHHYIO, & B OCTAJIbHBIX ClIyyasiX — OOOOIIEHHYIO pean3allnio.

OnHako MHOTAA BO3HMKAET HEOOXOAMMOCTh CIelUaTn3upoBaTh Kiacc Widget mis aro-
6bix 3HaUYCHMIA MmapamMeTpa Window 1 kiacca MyController. BoT Kak BBIIJISIAMT YacTUYHAS
crienManu3anus madjioHa B 3TOM ciydae.

// YacTuyHasa cneumanulaums wabrnoHHOro knacca Widget

template <class window>

class widget<window, MyController>

{
1

OOBIYHO B YAaCTMYHOW CIeLMaTIU3alUM 111a0JIOHHOTO Kjlacca YKa3bIBAIOTCS JIMIIb HEKO-
TOpbIe 1IA0JIOHHBIE apTYMEHThI, a OCTaJlbHbIe OCTalOTCsl 00001IeHHbIMU (generic). KoHkpe-
TU3UPYS 1AOJOHHBIN KJ1acc B MpOrpaMMe, KOMIWISITOP MbITaeTCsl HAUTU ONTUMAaIbHOE CO-
otBeTcTBME. CIIOXHBIM M TOYHBINA AJITOPUTM TIOMCKA COOTBETCTBUI TO3BOJISIET MPOrpaMMu-
CTY KaxIblil pa3 MO-HOBOMY OCYULIECTBJSITh YAaCTUYHYIO cCrelManu3anuio. JomycTuMm, yTo
abJIOHHBIN KJ1acc Button MmojydyaeT OAWH 1IAa0JOHHBINM MapaMeTp. 3aTeM, Jaxe eciv KJacc
widget cneunanuaupyetcs s JI0ObIX 3HAYEHUI nmapameTpa Window U KOHKPETHOIO Kjac-
ca MyController, kiacc Widget MOXHO M AaJibllie YACTUYHO CIEIUAIU3UPOBATH ST 8CeX
KOHKpeTHU3aluii Kjacca Button U KOHKPETHOTO Kjacca MyController.

YaCTU4YHaAa cneuynannsnpoBaHHaa peanusauma

template <class ButtonArg>
class widget<Button<ButtonArg>, MyController>
{

1

Kaxk BUIWM, BO3MOXHOCTU YaCTUYHOU LHaﬁHOHHOfI cricuyaan3aliu  IOopasuTEIbHBI.
KoHkpeTusupys 1mabjioH, KOMITWJISITOp BBITIOJHSIET conocmasneHue ¢ smaiorHom (pattern
matching) CylecTBYIOIIMX YaCTUUHBIX U TOJHBIX CTIEHMATIN3AIMI, TTOABICKMBAS HAWTYYIIUI
BapHaHT. DTO obecIeyrnBaeT MPOrpaMMUCTy HEBEPOSITHYIO CBOOOAY ACHCTBUIA.

K COXaJICHUIO, YaCTUYHYIO H_[a6JIOHHy10 cricuyajin3almio HEBO3MOXKHO IIPUMEHUTL K
(bYHKLlI/IHM, HE3aBUCUMO OT TOro, sABJIAOTCA OHU WICHaAMM KjiacCa MUJIM HET. DTO HECKOJIBKO
CHMKaCT YPOBCHDb TMOKOCTU U CTEIIEHD JACTATN3allMN ITPOrpaMMBI.

AafibHenwas cneunanmn3inpoBaHHaa peann3auua

L4 HeCMOTpH Ha TO YTO B IIAOJJOHHOM KJIacC€ MOXHO BHITIOJHSITH NOAHYHO Wa6ﬂ0HHyIO
cneyuaaulayuro (byHKLlI/IfI—‘{JICHOB, K HUM HCJIb3d NPUMEHATH YaCTUYHYIO 11abJIoH-
HYIO CIICvaJIn3aluio.

e [llaGnoHHBIe (DYHKIIMM U3 TIPOCTPAHCTBA UMEH (HE SIBJISIIOLIMECS WieHAMU KaKOro-Jnbo
KJlacca) HEBO3MOXHO YaCTUYHO CleLMaTM3vpoBarh. bosblile BCero Ha 4acTUYHYIO CIie-
LIMaIM3alnio 111a0JIOHHBIX (DYHKIMI M3 TPOCTpaHCTBA MMEH (namespace-level template
functions) moxox npouecc ux neperpy3ku. C npakTMUeCKON TOUYKU 3peHMsI 3TO O3HAYAET,
YTO BO3MOXKHOCTb JIETATBHON CIIEIMTIN3AIIMU CYIIECTBYET JIUILb JJIS1 TTapaMeTpoB (hyHK-
LIMiA, HO HE AJIs1 BO3BpAlLlAeMbIX UMW 3HAUYEHWIA WM UCTIONB3YEMbIX BHYTPUA HEE TUTIOB.

template <class T, class U> T Fun(U obj); // WcxoaHbih wabnoH
template <class U> void Fun<void, U>(U obj); // HenpaBunbHas

// 4acTuyHaa cneumnanum3lauus
template <class T> T Fun (Window obj); // NpaBunbHo (neperpyska)
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HenmocraTtouHas pgerajm3alvsl YacTUYHOM CITEHMANM3alMM  CYIIECTBEHHO OOJieryaeT
>KU3Hb pa3dpabOTYMKaM KOMITUJIATOPOB, HO 3aTPYAHAET paboTy mporpaMMmuctos. HekoTtopbie
M3 UHCTPYMEHTOB, OIMMMCAHHBIX HIKe (HampuMep, Kilacchl Int2Type U Type2Type), CIelu-
aJIbHO TMpeIHa3HAYeHbI TSI IPEOJOJEHUST STUX OTPAaHUYEHUI YaCTUYHON CrielMain3alniu.

YacTruHas crielManau3aius 1abJoHOB B KHUTE UCIOJIb3yeTCsT OueHb mMpoko. MakTtuye-
CKU BCE CpelCcTBa JUIsl paboThl CO CIIMUCKAMM TUIOB (I1aBa 3) cO3IaHbl C €€ MOMOIIBIO.

2.3. JlokanbHbIe KJ1aCcChbl

JloxabHBIE KJIaCCHl — 3TO MHTEPECHOE M MaJlo M3y4eHHOe CBOMCTBO si3bika C++. BTt
KJIACCHI MOKHO OTPEIeISTh MPSIMO BHYTPU (DYHKIIMIA.

void Fun(Q)
class Local

JaHHble-YsieHbl
onpegeneHns GyHKUUA-YNEHOB
b KOA, WCMOMb3YIIWMA NOKaNbHbIA Knacc

}

CylecTByeT HECKOJIbKO OTpaHMYEHUI — B JIOKAJIbHBIX KJlaccax HeJb3sl OMpenessiTh CTa-
TUYECKHE MEPEMEHHbIe-WICHBl U O0pallaThbCsl K HECTaTUYECKUM JIOKAJbHBIM IEPEMEHHBIM.
OCco0eHHO HMHTEPECHO, YTO JIOKAJbHEIE KJIACCHI MOXKHO TMPUMEHSITh BHYTPM IIAO0JOHHBIX
(ynkiumii. JlokanbHBIN Kiacc, OINpeAesieHHbI BHYTPU IHA0JIOHHOM (PYHKIIMU, MOXET HC-
MIOJI30BaTh €¢ IIA0JIOHHBIC TTapaMETPHI.

Illa6nonHas ¢yHKiMs MakeAdapter B MpUBEACHHOM HUXE KOJIE agalTUPYeT OAUH WH-
tepdeiic Kk apyromy. @yHkuusi MakeAdapter peanusyeT MHTepQEC Ha JIETY C MOMOIIbIO
JIOKaJIbHOTO KJacca. JIOKaJIbHBII KJ1ACC CONEPKUT YIeHbI 0000IIEHHOTO TUIIA.

class Interface

public:
virtual void Fun() = 0;

1

template <class T, class P>
Interface* MakeAdapter(const T& obj, const P& arg)

class Local : punlic Interface
{
public:
Local(const T& obj, const P& arg)
obj_(obj), arg_(arg) {}
virtual void Fun()

obj_.call(arg_);

private:
T obj_;
P arg_;
b

return new Local(obj, arg);
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Jlerko nokasatb, 4TO JIOOYIO MAMOMY, MCIOJB3YIOIIYIO JIOKAJbHBINM KJIacc, MOXHO pea-
JIN30BaTh C MOMOIIBIO 11a0JIOHHOTO Kjacca, onpeaeeHHoro BHe GyHkuuu. MHbIMU cioBa-
MU, JIOKaJbHbIC KJIACCHI I CO3MaHUsI UIMOM HenmpurogHbl. C Ipyroit CTOPOHBI, JJOKAIBHBIC
KJIaCChl MOTYT YIPOCTUThH PeIM3alluM U YIYYUIUTh JOKaIbHOCTb CUMBOJIOB.

OpmHako JIOKaJbHbIe KJIACChI O0JIafar0oT YHUKATbHBIM CBOMCTBOM: OHU SIBJISIIOTCST MEpMU-
Hasvubimu (final). BHelIHWe Mmosib3oBaTeIM HEe MOTYT CO3[aTh MPOM3BOAHBIE OT HUX KJIACChI,
CKDBITBIC BHYTpU (DyHKIMK. Be3 JOKalIbHBIX KJIACCOB OBIIO ObI HEBO3MOXKHO T00ABUTH HeE-
MMEHOBAHHOE MPOCTPAHCTBO UMEH B OTAEJIbHBIN TPAHCIUPYEMbI MOIYJb.

B raBe 11 nokanbHBIE KJIACCHI UCTIOIB3YIOTCS JJIST CO3MaHUS TPAMILIMHHBIX (DYHKIIUIA.

2.4. OToOpaxeHue LesIoOHYUCIIEHHbIX KOHCTAHT B TUMbI

IMpocroii 11abaoH, BriepBble onucaHHbI B pabore (Alexandrescu, 2000b), moxeTr oka-
3aThCsl OYEHb MOJIE3HBIM JIJISl CO3MaHUsI MHOTUX MAMOM OOOOIIEHHOTO MPOrpaMMUPOBAHUSI.

template <int v>
struct Int2Type

¢ enum { value = v };

};

Knacc Int2Type reHepupyeT pa3jiMuHble TUIIbI U Pa3HbIX 3HAYEHUI TepeaaBaeMoil emy
LIEJIOUYMCIEHHOM KOHCTAHThI. DTO MPOUCXOAUT MOTOMY, UTO y Pa3HbIX KOHKPETU3aluii 1abio-
Ha pasHble TUMbl. Takum obOpasom, crienuanusaiusi Int2Type<0> OTIMYAETCS OT CIeluaIn-
3alMu Int2Type<l> u 1.a. Kpome Toro, 3HaueHue, reHepupymolllee TWI, “3amoMuHaeTcs”
YyjieHOM value TiepeurciaeHus enum.

Knacc Int2Type nmpuMeHsieTcsl, eclid HYXKHO ObICTPO “TUMM3UPOBATL” LEIOYUCIEHHYIO
KoHcTaHTy. C ero moMou[bl0 MOXHO BbIOMpPaTh pa3Hble (YHKIUU B 3aBUCUMOCTU OT pe-
3y/JibTaTa BbIYMCJEHMI, BBIMOJIHSAEMbIX Ha 3Tane KoMnuiasuuu. MakThyecku 3TOT KJacc
obecreunBaeT CTaTMYECKYI0 Aucrnerdepu3anuio (compile-time dispatching) KoOHCTaHTHBIX
3HAYEHUI LIEJTOYUCIEHHOTrO TUIA.

O6bIYHO K1acc Int2Type MCIOb3YeTCsl, KOTIa OMHOBPEMEHHO BBITIONHSIOTCS J1Ba YCIOBUSI.

L4 Hy}KHO BbI3BATb OAHY M3 HCCKOJIbKMX (l)yHKHI/If/i B 3aBUCUMOCTH OT 3HAYCHUA CTATU-
YECKOU KOHCTAHTHI.

L 3Ty JUCTICTYCPU3ALINIO HY>KHO BBITIOJTHUTDb Ha 9Tal€¢ KOMITWJIALIUA.

s ocyluecTBAeHUs] JUCTIETYEpU3alMM BO BpPEMSI BBITIOJHEHMsI MporpaMMbl (run-time
dispatching) MOXXHO MPUMEHSTH YCIOBHBIN omnepatop if-else wiu orneparop switch. 3arpars
MAallIMHHOTO BPEMEHU BO MHOTHX CJy4yasix HUYTOXHO Masibl. OJHAKO YacTo 3TO ceiaTh He yha-
ercs. Oneparop if-else TpeOyer, 4YTOObI 00 BETKU ObLTM YCIEIIHO BBIMMCICHBI, AXE €Clv
MPOBepsiIeMOe YCIOBUE Ha 3Tarie KOMIWISILIMM ke u3BecTHo. HeroHsitHo? Yuraiite nabliie.

Paccmotpum crenytoiiyto cutyauuto. Ham HyxXHO pa3paboTath 00001IEHHBIN KOHTEHHED
NiftyContainer. Tum ero conepXXumMoro 3agaeTcsl IaGJIOHHBIM MTapaMeTPOM.

template <class T> class NiftyContainer

{
1

HomyctumM, uto kiacc NiftyContainer comepXuT ykazatean Ha oObeKThbl Tvma T. s ay0-
JIMPOBaHUS OOBEKTOB, COAECPXKALIMXCS B KOHTEHHEPE, HY>KHO BbI3BAaTh JIMOO KOHCTPYKTOP KOIHU-
poBaHMS (IJ1s1 HEMOJIMMOPMHBIX TUIIOB), MO0 BUPTYyadbHYIO GyHKIMIO Clone() (wis Tonu-
MOPGhHBIX TUTOB). DTa UHGOPMALIUS 3aaeTCsl B BUie OYJIEBCKOro 11abJIOHHOTO MapaMeTpa.
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template <typename T, bool isPolymorphic>
class NiftyContainer

{
Qé%d DoSomething()
{
T* pSomeObj = ...;
if (isPolymorphic)
{
T* pNewObj = pSomeObj->Clone();
NONUMOPGHBIA aNIrOPUTM
}
else
{ | .
T* pNewObj = new T(*pSomeObj);
HenoMMOPGHHLIA anropuTm
}
}
};

IIpoGnema 3akioyaeTcss B TOM, YTO KOMIMWJISITOP HE CUYMTAET 3TOT KOJA TPABUJIbHBIM.
Hamnpumep, mockosibkKy moauMOpGhHBIA aJrOpUTM MCIONb3yeT (GyHKIMIO pObj->Clone(),
(dyskius NiftyContainer: :DoSomething He KOMOUIMPYETCsI, €CM B Kiacce T He OIpe-
neneHa ¢dyHkuusi-wieH Clone(). IlpaBaa, yxe BO BpeMsl KOMMWJISILIMA CTAaHOBUTCS SICHO,
Kakasi U3 BeTBeil orepaTtopa if-else BbimoaHsieTcss. OqHAKO KOMIUJISITOPY 3Ta UHMOpMa-
LIUSI HU K YeMY — OH YCEPJIHO IThITAeTCs KOMMUIMPOBaTh 00€ BETBU, JaXe €CJIU ONTUMU3a-
TOP BIOCJIECTBUM UCKITIOYUT TYNUKOBYIO BETBb Ko/a. Eciy mombiTarbcsl BhI3BATh (DYHKIIUIO
DoSomething mig kimacca NiftyContainer<int, false>, KOMOWISATOp CHOTKHETCS Ha
BbI30Be (yHKIMU pObj->Clone() U TONBKO MPE3pUTESIbHO (DBIPKHET B OTBET.

HenonuMopdHas BeTBb Kofa TakKe MOXKET He MpOWTH KoMnwisiuuio. Omubka npouc-
XOIUT, €CJIU TUM T SBJSETCS MOJMMOP(HBIM, a HemoauMopdHas BeTBb KOJa MbITAETCS CO3-
JIaTh HOBBIII OOBEKT C IMOMOIIBIO oreparopa hew T(*pObj). DTO MOXET MPOU3OUTH MOTO-
My, 4TO TUIl T OTKJIIOYAeT CBOI KOHCTPYKTOP KOMUPOBAaHUS (OOBSBISS €ro 3aKpbIThIM), KaK
3TO TMOJIOKEHO MPUJIEKHOMY MOJIUMOPDOHOMY Kiaccy.

bbruto Obl TIpekpacHo, eciu Obl KOMMMWJISAITOP HE aHalM3MpOoBaj TYMUKOBbIE BETBU, HO
yBbl! ITaK, 4TO MOXHO clieiaTh B 9TON cUTyaluu?

OkasbIBaeTCs, CYIIECTBYeT OOJIbIIIOE KOJWYECTBO pEelIeHUi, a Kiacc Int2Type — camoe
oueBuaHOE U3 HUX. OH MOXeT MpeoOpa3oBbIBaTh OYJIEBCKYIO MepeMeHHYIo isPolymorphic
B JBa pa3HbIX TUMA B 3aBUCMMOCTHM OT €€ 3HaueHMsl. 3aTeM MOXHO MPUMEHUTbH Kjacc
Int2Type<Polymorphic> ¢ mpocToii meperpy3koii, u ToToBo!

template <typename T, bool isPolymorphic>
class NiftyContainer

{

private:
void DoSomething(T* pObj, Int2Type<true>)
{

T* pNewObj = pobj->Clone();
NONUMOPGHBIN a/IrOPUTM

void DoSomething(T* pObj, Int2Type<false>)

{
T* pNewObj = new T(*pObj);
HenoNUMOPGHLIN aNnropuT™
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public:
void DoSomething(T* pObj)
{

}

};

Krnacc Int2Type oka3biBaeTcsl OYeHb YIOOHBIM IS TMEpPEBOAA HEKOTOPOTro 3HAYeHUs B
tumn. [locne mpeoOpa3oBaHUs BPEMEHHYIO TIEPEMEHHYIO 3TOTO THIIa MOXHO TepeaaBaTh Ie-
pErpyXeHHbIM (YHKLIMSIM, PEAIM3YIOIIUM JBa TPeOyeMbIX aJlropuT™Ma.

OT1OT TIpHeM paboTaeT Gyarogapsi TOMy, YTO KOMIWISITOP HE TeHEpUpyeT 1Ia0JOHHbIe (hyHK-
LIMM, KOTOPbIE HUKOT/A HE BbI3BIBAIOTCS, — OH TOJIbKO MPOBEPSIET UX CUHTaKcuc. TakuMm oOpa-
30M, 1LIA0JIOHHBIN KOJI MO3BOJISIET OCYLUECTBRIATh AUCTIETYEPUSALIMIO BO BPEMSI KOMITUJISILIAU.

B oubnmoreke Loki kmacc Int2Type MCHONb3yeTcsl B HECKOJIbKUX MECTaXx, OCOOEHHO B
miaBe 11, mocesleHHOW MyJbTUMeTOnaM. B 3Toli rnaBe 11abJOHHBINA KJIacc MpPEACTaBisieT
co00i1 MexaHW3M JBOWHOW JuCIeTYepu3alnu, a IIa0JIOHHBIH OyJeBCKMN mapameTp Iaer
BO3MOXHOCTb OCYILECTBJISITh CAMMETPUYHYIO TUCIIETYEPU3ALINIO UIN OTKJTIOYATh €e.

DoSomething(poObj, Int2Type<isPolymorphic>(Q));

2.5. OToOpaxeHue ogHOro Tuna B Apyrow

B pasnene 2.2 yka3blBajioch, YTO YACTMYHOM CIEeLMaIM3alMU 1HAO0JOHHBIX DYHKIIUI He
cywectByer. MHorma, oqHako, XOTeJoCh Obl UMETh TaKyl BO3MOXHOCTb. PaccMoTpum ciie-
IYI01Y10 QYHKIIUIO.

template <class T, class U>

T* Create(const U& arg)
{

}

®yHKIMA Create co3maeT HOBBIM OOBEKT, TeperaBast aprTyMEeHT ero KOHCTPYKTODY.

IpenmonoxuM, 4To B HallleM MNPUJIOXKEHUM TMPUHSTO cieayiolee npaBuio. OObeKT TUIIA
widget comepXXWUT HEJOCTYMHBIM YHACJIEMOBAHHBIN KO, W IJIS €T0 CO3AaHMS HYXXHBI 1B apry-
MEHTa, OIMH W3 KOTOPBIX MpPEACTaBsieT coboil (hmKcupoBaHHOEe 4yMcio, ckaxkeM, —1. Ha Hamn
COOCTBEHHBII KJ1acC, TTPOM3BOIHBIN OT Kiacca Widget, Takue orpaHUYeHUS] He HAKJIIbIBAOTCA.

Kakum 006pa3zoM MOXHO cHeluaJIv3upoBaTh (PYyHKIMIO Create Tak, YToObl oHa oOpaba-
ThIBaJla OOBEKT Kjlacca Widget mHaue, yeM Bce npyrue kiacchl? OueBUIHOE pellleHre TaKo-
BO: HYXXHO CO3/1aTh OTAEJbHYIO (pyHKIMI0O Createwidget. K coxaseHuio, B JaHHBIIA MO-
MEHT HE CYIIECTBYeT YHUBEpCAIbHOTO MHTepdeiica misi co3naHus o0beKTOB Kiacca Widget
1 OOBEKTOB, MPOU3BOAHBIX OT 3TOr0 Kjacca. DTo AenaeT ¢GyHKIMIO Create HEMPUTOMHOM
IIJIS UICTIOJIb30BaHUsI B 0000IIEHHOM Koje (generic code).

DyHKIMI0O HEBO3MOXHO CIELMAIM3UPOBATh OTIENbHO, T.€. HEJb3sl HamucaTb 4TO-TO
BpOJI€ CJIEMYIOIIEro Koja.

return new T(arg);

// HenpaBWNbHbLIN KO — He MbiTAWTECb €ro MNPUMEeHATHb!
template <class U>

widget* Create<Widget, U>(const U& arg)

{

}

B otcyrcTBUMEe yacTMuHO# crnenuanu3aluu (GYHKIMA CyLIECTBYET TOJbKO OMHO CPEACT-
Bo — rmeperpy3ka. CrnenoBarefbHO, Il pelleHUs] TMOCTaBJIEHHOW 3a1auv MOXHO TMepenaThb
(yHkimu Create pukTuBHBIN 00beKT (dummy object) Tuna T U IPUMEHUTH MEPETPY3KY.

return new Widget(arg, -1);
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template <class T, class U>
T* Create(const U& arg, T /* (UKTUBHbIA 06beKT */)

{

return new T(arg);

template <class U>
widget* Create(const U& arg, wWidget /* (GUKTUBHbIN 0O6bEKT */)
{

}

Takoe pellleHMe MOXET TMOBJIeYb 32 COOON TMeperpy3ky KOHCTPYKTOpa CKOJIb YTOIHO
CJIOXKHOTO O0beKTa, YTO TakXke mpakTuuecku Oecrione3Ho. Ham Heobxomnmo addekTuBHOE
CpPeacTBO ISl Tepenauyd MHbopMalum o Turne T B dyHKIMIO Create. sl 3TOro M HyxXeH
kinacc Type2Type. OOBEKT 3TOro Kijacca TpeACTaBISIET CO00W MAeHTU(DUKATOP, HECYLIUI
nHdopmaumio o Ture. Ero MoxHo nepenaBath MeperpyxaeMbiM (QyHKIUASIM.

PaccmoTpum omnpeneneHue kinacca Type2Type.

return new wWidget(arg, -1);

template <typename T>
struct Type2Type

typedef T OriginalType;
)

Knacc Type2Type mpenHa3HayeH JUIsl Mepegavyu Jro00Oro 3Ha4eHUs, Mpu4yeM KaxIOMy OT-
JIEJIBHOMY THMITy COOTBETCTBYET CBOSI KOHKPETU3aIMsl, YTO ¥ TpeOOBaJIOCh 10KA3aTh.

Tenepb Mbl MOXEM HAIUCATh CIEAYIOIIMI KOJI.

// Peanuzauma dyHKuMm Create Ha OCHOBe NeperpysKku

// v Knacca Type2Type

template <Class T, class U>

T* Create(const U& arg, Type2Type<T>)
{

return new T(arg);

template <class U>
widget* Create(const U& arg, Type2Type<Widget>)
{

return new widget(arg, -1);

// Wcnonb3yem ¢yHkumw Create

String* pStr = Create("Hello", Type2Type<String>());

widget* pw = Create(100, Type2Type<widget>());
Bropoii mapamerp (yHKLIMU Create mpelHa3HayeH TOJIBKO JJII BHIOOpA MOAXOASIIECH Tie-
perpy3ku. Tenepb 3Ty QYHKIMIO MOXHO CHEHUAIM3UPOBATh PA3TMYHBIMUA KOHKPETU3ALISI-
MU Kjacca Type2Type, KOTOpble MpeoOpa3oBbIBAIOTCSI B pa3HbI€ TUIIbI, MCIIOJAb3yEMbI€ B
HallleM IPUJIOXKEHUH.

2.6. BbiOop TMNa

HMuorma B 0000IIIeHHOM KOIE€ BO3HMKAeT HEOOXOMMMOCTh BBIOpATh THUII B 3aBUCHUMOCTU
OT OYyJIeBCKOM KOHCTAHTHI.

JorycTtiM, 94TO B IpHIMEpPe, CBI3aHHOM C KitaccoM NiftyContainer, KOTOPBI 0OCYKIaics B
pasznene 2.4, B KauecTBe CPEACTBA Ul BHEIHETO XPaHEHUS] Mbl XOTMM HCITOJIb30BaTh OOBEKTHI
Kimacca std: :vector. O4eBUIHO, ITOMMMOP(MHEIC TUITBI MOXHO XPaHUTDH TOJIBKO B BHIE yKa3aTe-
Jieil, a He 3HaueHui. C APYyroil CTOPOHBI, Mbl MOXEM MOTPEOOBATh, YTOObI HEMTOJUMOP(MHbBIE TH-
IIbI COXPAHSUIMCH B BUAE 3HAUCHMIA, TIOCKOJIBLKY 3TO Oosee 3(h(PEeKTUBHO.

54 YacTb |. MeToab!



PaccmoTpuM 11aGyioHHBIN Kiacc.

template <typename T, bool isPolymorphic>
class NiftyContainer

{
1

[TorpebyeM, yTOOBI B HEM XpaHUJIUCh OOBEKTHI Kilacca vector<T#*> (eciu 3HaueHUue mepe-
MeHHOI isPolymorphic paBHO true) 10O OOBEKTHI Kjacca vector<T> (eciau 3HauYeHUe
nepeMeHHoit isPolymorphic paBHo false). [lo cymectBy, HamM HyXeH oOmeparop
typedef valueType, 3HaueHHWEM KOTOPOTO B 3aBUCUMOCTU OT 3HAueHUsl OyJIeBCKOM
nepeMeHHO isPolymorphic sIBASIOTCS TUIIBI T* WA T.

[nga  5TOro MOXHO TIpUMEHMTh I1Ia0JOHHBIE KJIACChl  XapaKTepucTuK  (traits)
(Alexandrescu, 2000a).

template <typename T, bool isPolymorphic>
struct NiftyContainervalueTraits

typedef T* valueType;

)
template <typename T>
struct NiftyContainervalueTraits<T, false>

typedef T valueType;

template <typename T, bool isPolymorphic>
class NiftyContainer

{

typedef NiftyContainervalueTraits<T, isPolymorphic>
Traits;
typedef typename Traits::valueType VvValueType;

;
OTO cAMIIKOM rpyboe pelieHue 3aaauyn. bojee Toro, OHO He MacIITaOUPyeTCs: ISl KaXI0To
BBIOMPAEMOrO THUMA MPUXOAUTCS OMPENEsSITh HOBBIM 111a0JIOHHBINM KJacc XapaKTepUCTHUK.
[la6nonHbIii k1acc Select u3 6mubamoreku Loki mosBossier BBIOpaTh TUM TIPSIMO Ha
Mecte. Ero onpeaeneHre MCnoyib3yeT YaCTUYHYIO 1Ia0JOHHYIO CIieLaTn3almIo.
template <bool flag, typename T, typename U>
struct Select

{
typedef T Result;

)
template <typename T, typename U>
struct Select<false, T, U>

{
typedef U Result;

;
Ecnmu 3HayeHue TmiepeMeHHOM flag paBHO true, KOMIWISTOP UCITOJNB3YeT TIEpPBOE
(0boO1IEHHOE) OmpeneieHue, U, ciaeaoBaTeabHO, TUIT Result cTaHOBUTCS paBHbIM T. Eciu
3HavYeHue TepeMeHHoM flag paBHO false, BcTymaeT B ACHCTBUE CIIeIMANM3alNs, W TUII
Result cTaHOBUTCS PaBHbIM U.
Terepb HAMHOTO JIeTYe OTPEACUTDh MepeMeHHYI0 NiftyContainer::valueType.

template <typename T, bool isPolymorphic>
class NiftyContainer
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typedef typename Select<isPolymorphic, T*, T>::Result
valueType;

1

2.7. Pacno3HaBaHMe KOHBEPTUPYEMOCTHU U Hacne[oBaHUSA
Ha 3Tane KOMNUIKALUn

IMpu peanuzanuu 1maGJIOHHBIX (YHKIUN M KJIACCOB YaCTO BO3HUKAET CJECMYIOIIUI BO-
npoc. JlaHbl 1Ba MPOM3BOJbHBIX TUMA T 1 U, 0 KOTOPBIX HUYEro He u3BecTHo. Kak ompene-
JIUTh, HACJeayeT U Kjacc U CBOWCTBA Kyacca T? Pacrno3HaBaHWe TaKUX OTHOIIEHUM SIBJISI-
€TCs KJII0YEeBOI MPOOJEMOI Mpy ONTUMM3aLMK 00001IeHHbIX O0MbanoTek. Eciu Kiacc pea-
JIN3yeT oOmpenejeHHbIl uHTepdelic, Tpu pabote ¢ 00001IeHHON GYyHKIHUEH MOXHO
MOJIOXKUTHCS Ha ONMTUMU3UPOBAHHBIN aropuTM. Takoe pacro3HaBaHWE Ha 3Tare KOMITUJISI-
LIUY TIO3BOJISIET U30eXaTh JMHAMUYECKOTO MPUBEIEHUS TUIIOB C MOMOILBIO oneparopa dy-
namic_cast, Ha YTO OOBIYHO YXOIUT MHOTO MalllMHHOTO BPEMEHH.

PacniosnaBanue HacienoBaHusi — OoJjiee OOLIMIA TIPOIIECC, YeM pPaclio3HaBaHWE KOHBEPTH-
pyemocTu. OO61ast mpodiema dhopMyaupyeTcs cieayolM oopa3oM. Kak y3HaTh, BOZMOXHO
JI1 aBTOMAaTrn4eckoe Mpeodpa3oBaHKe TTPOU3BOJIIBHOTO TUMA T B TTPOU3BOJIbHBIN THIT U?

MozxHO, HampuMmep, UCTOIb30BaTh orepatop sizeof. Ero Molilb ynuBuTeabHa. DTOT onepa-
TOp MOXHO TPUMEHSThH K JIIOOOMY CKOJIb YTOJHO CJIOXXHOMY BBIPAXXEHUIO, U OH BEPHET pa3Mep
pesyabrara, He npuberasi K BbIYMCICHUSIM B XOJ€ BBIMIOJHEHHMSI MPOrpaMMbl. DTO O3HAYaeT, 4To
ornepatop sizeof pacrosHaeT meperpysKy, KOHKpeTu3aluio 11a0JIOHOB, MpaBuia Mpeodpa3oBa-
HUSI TUIIOB — 6ce, UYTO OTHOCUTCS K BbIpakeHMsIM B sizbike C++. DakTuyecku oneparop sizeof
UTHOPUPYET CaMO BBIpaXKEHKE, BO3BpalLasl JIUIIb PA3MED €r0 pe3yJibrara.’

Wnest, Ha KOTOpoit OCHOBaH MEXaHU3M DPAcMo3HaBaHUsI KOHBEPTUPYEMOCTH, COCTOUT B
WCTIOJIb30BaHUU orepaTopa sizeof B codyeTaHUM ¢ Teperpy>keHHbIMU GyHKUusIMU. st
byHkuuu mnpemycMarpuBaloTcsl nBe meperpy3ku. OmHa W3 HUX MOJydaeT THWI, KOTOPbIi
JIOJDKEH KOHBEPTUpPOBaThCcsl (B TUM U), a BTOpasi — 4YTO-HMOyIb Apyroe (HEBaXXHO, UYTO
MMeHHO). ByneM BBI3bIBaThH TeperpyKeHHYI0 (YHKIIUIO C BPEMEHHOM TMepeMeHHOM Tuma T,
0 KOTOPOM HYXXHO y3HaTb, KOHBEPTUPYETCS JM OH B TUM U. Ecau OyneT BbI3BaHa (hyHKIIMS,
roJjyyatoiiasi mapameTp Tura U, 3HAYUT, TUIT T KOHBepTUpyeTcs: B Tum U. Eciu OyneT BbI-
3BaHa HelTpaibHas YHKIUS, TO TUI T He KOHBepTHUpyeTcs B Tum U. [Jisi Toro 4rodbl or-
penenuTh, Kakasi ¢yHKIMS ObIa BbI3BaHA, HY>KHO MPETYyCMOTPETh, YTOOBI JIBE TEPErpyKeH-
Hble (PYHKIMM BO3Bpalllajy 3HAUEHUsI, TUIIbI KOTOPBIX UMEIOT pa3Hble pazmepbl. s omnpe-
NIEJICHUST 3TUX Pa3MEPOB CJIeAyeT NMPUMEHUTH orieparop sizeof. Camu mo ceGe TUTIBI HAC He
WHTEPECYIOT — JIMILIb Obl OHU MMEJIU Pa3HbIE pa3Mephl.

Hrak, cHavana co3aaauM ABa TUMa ¢ pa3HbIMU pa3MepaMu. (O4ueBUAHO, UYTO TUMBI char
u long double uMeT pa3Hbie pa3Mepbl, OAHAKO 3TO HE TapaHTUPYETCS CTAHAAPTOM.)
BbesonacHasi cxeMa BBITJISIAMT CJIEAYIOIIMM O00pa3oM.

2 Ecth npeiioxXeHne BKIIOUMT B 36K C++ omepatop typeof, T.e. omepaTop, BO3BpalLAIOLINii
i BelpaxeHus. C ero MoMOLIbI0 HAMHOIO TMPOILIE MUCATh U TIOHMMATh IAGJIOHHbIE KOIbL. I3k Gnu
C++ yxe peanusopan oneparop typeof B xauecTse cBoero paciuupenusi. OUEBUIHO, YTO ONEPATOPLI
typeof u sizeof ucrmons3yior oqMH M TOT Xe KOJ, IMOCKOJIBKY B JI060M ciiydae orepatop Sizeof
JIOJDKEH PACIOo3HaBaTh THIL.

56 YacTb |. MeToab



typedef char small;

class Big { char dummy[2]; };
Ilo onpenenenuio 3HaueHue sizeof(Small) paBHo 1. Pa3mep Tuma Big HEM3BECTEH, HO OH
orpesieJieHHO Oosblie, yeMm 1 (rapaHTUPOBaTh MOXHO TOJBKO 3TO).

3aTeM HaM MOHamoOsITCs nBe meperpy3ku. OnHa U3 HUX AOKHA TMOJy4yaTh MapaMeTp TU-
rna U, a BO3BpalllaTh — 3HauYeHue Tura Small, Harpumep:

small Test(U);

Kak Hanmucate GyHKIMIO, TTOTyYalIylo “4to-HUOyns apyroe”? IllabmoH He Moaxomur,
MOCKOJIbKY OH Bceraa KBalnduuMpyeTcs: Kak Haujyylliee COOTBETCTBUE, a 3HAUUT, CKPbIBAeT
rnpeobpa3oBaHue TUTOB. B TaHHOM cilyyae HaM HYXHO “TUioxoe” COOTBETCTBME, T.€. TTPeod-
pazoBaHMe, KOTOPOE MPOUCXOIUT, TOJIbKO €CJIM aBTOMaTMYeCcKoe Mpeodpa3oBaHME HEBO3-
MOxHO. berno mpocMoTrpeB mpaBuia nmpeoOpa3oBaHUS, TPUMEHsSIEMble K (DYHKIIMU, JIETKO
yOeauThCs, YTO HAUXYIALIMM SIBJISIETCS COOTBETCTBUE, MopoximaeMmoe ajuuncucoM (ellipsis
match), KOTOpoe HaXOAUTCS B CAaMOM KOHIIE CITHCKaA.

Big Test(...);

(ITepenaya o0bekTa B (PYyHKIMIO, ONMMCAHNE KOTOPOM COAEPKUT JUIMIICUC, MOXET MPUBECTU
K HemnpeackasyeMbIM pesysibTaTaM, HO 3TO He mmeeT 3HauyeHus. Ha camom nene byHKuums
He BbI3bIBaeTcss. OHa naxe He peanusyercs. HamomHuM, uto oneparop sizeof He BbIYMC-
JISIET CBOU apryMeHT.)

Tenepbr HaM HEOOXOIMMO MPUMEHUTH omnepaTop sizeof K BbI3OBY (DyHKLIMU Test, me-
penaB eMy OOBEKT THUIIA T.

const bool convExists = sizeof(Test(T())) == sizeof(small);

Bot u Bce! Ilpu BbrI30Be (PyHKIMS Test mmojiydyaeT OOBbEKT, CO3JAaHHBIN IO YMOJIYaHUIO, —
T(), a 3areM onepaTop Sizeof BBIUMCISET pa3Mep pe3yjbTaTa 3TOr0 BhIpaKeHUsI. DTO MO-
XeT OBITh 1100 ymcio sizeof (Big), mmbo ynciao sizeof(Small), B 3aBUCMMOCTH OT TOTO,
HallleJ] KOMITWISITOp TTpeoOpa3oBaHUe WIIM HET.

Octanach HepelleHHON omHa HebOosblnas mpobieMa. Ecim oObekT Kiacca T co3maeTcs
3aKPBITBIM KOHCTPYKTOPOM, IPEAyCMOTPEHHBIM T10 YMOJYAaHUIO, TO BbipaxeHue T() mopo-
XKIaeT OIMOKY BO BpeMsI KOMIMJISILIMM, YTO Pa3pylIacT BCIO HAIILy CTPOIHYIO KOHCTPYKIIUIO.
K cuactelo, 3Ta mpobiema MMeeT IpOCToe pellieHue. J1oCTaTOYHO MCIOJIb30BaTh (QDUKTUB-
Hyl0 (YHKIIMIO, BO3Bpalllapllyl0 o0beKT kjiacca T. (Emie pa3 HalloMHUM, 4TO YyICCHBIN
orepatop sizeof Ha caMoM jeJie He BBIUMCISICT BbhipaxeHus.) Torma u KoMnuisitop Oyner
CBIT, M TIpOTpaMMa IieJa.

T MakeT(); // He peanusyeTcs

const bool convExists = sizeof(Test(MakeT())) == sizeof(small);

(KcraTu, obpaTtute BHUMaHME, KaK OCTPOYMHO YCTpO€Ha 3Ta MpoBepka — (GyHKUMU MakeT
U Test He TOJIBKO HE MMEIOT HUKAKUX MapaMeTpoOB, HO U HE CYILECTBYIOT BOoOIIe!)

HTtak, Bce meramu 3TOro MexaHm3Ma pabOTaroT XOpOIIO, M HACTAJIO BPeMsI YIIAKOBaTb MX
B LIA0JOHHBIN KJIACC, KOTOPBIA CKPBIBAET MOAPOOHOCTHU, CBSI3aHHBbIE C MPOLECCOM BBIBOJA
KJIACCOB, OCTAaBJISISI HA ITOBEPXHOCTHU JIUIIIbL OKOHYATEIBHBIN Pe3yIbTarT.

template <class T, class U>

class Conversion

{
typedef char small;
class Big { char dummy[2]; };
static Small Test(const U&);
static Big Test(...);
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static T MakeT(Q);
public:
enum { exists =
sizeof(Test(MakeT())) == sizeof(small) };
};

Tenepb MOXHO MCHBITaTh IIA0JOHHBINA KIacc Cconversion.
int mainQ)

using namespace std;

cout
<< Conversion<double, int>::exists <<
<< Conversion<char, char*>::exists <<
<< Convesrion<size_t, vector<int> >::exists << ' ';

}

OTa HebosbIIasl MporpaMMa BBIBOAMUT Ha mevarh cTpoky “1 0 0”. OOpatuTe BHMMaHuE Ha
TO, YTO, XOTs Kjacc std::vector peaqusyeT KOHCTPYKTOD, IMOJy4yaloOUIMii mapaMeTp Tuma
size_t, mporpamMmMa Bo3BpauiaeT ynuciyio 0, MOCKOJbKY 3TO SIBHbI KOHCTPYKTOP.

B knacce MoXHO peaniM3oBaTh €lle OAHY KOHCTAHTy Conversion::sameType, MPUHU-
MarIIylo 3Ha4yeHWe true, eciau Kjiacchl T U U MPEJCTaBISIOT CO00il OAUH U TOT e TUII.

template <class T, class U>

class Conversion

{
Kak U paHblie
enum { sameType = false };
};
PeanusyeM KOHCTaHTYy SsameType C MOMOILbIO YAaCTUYHOM CrHeluaad3alyy 11a0JI0HHOIO
KJ1acca conversion.

template <class T>
class Conversion<T, T>

public:
enum { exists = 1, sameType = 1 };

)
Hrak, BEPHEMCS K MCXOIHOM 3anaye. C nomouipio Kj1acca Cconversion JIETKO 06Hapy—
KHUTHb HACJICOOBAaHUE.

#define SUPERSUBCLASS(T, U) \

(Conversion<const U*, const T*>::exists && \
IConversion<const T*, const void#*>::sameType)

Makpoc SUPERSUBCLASS(T, U) BBIUMCISET 3HaueHHE true, eciu Kiacc U sIBIsIETCS
OTKPBITBIM HACJIEIHUKOM KJjacca T, WJIM €CJIM KJIacChl T M U IPeACTaBIISIIOT COOOM OOWH U
TOT XK€ TUIT. DTOT MaKpOC BBHIMOJIHSIET CBOIO pabOTy, pacro3HaBasi KOHBEPTUPYEMOCTb yKa3a-
TeJlel ThIa const U* B yKaszaTeaum const T*. Bo3MOXHBI TOJBKO TpU Cliydasi, B KOTOPBIX
yKaszaTe/M TUIa const U* HesIBHO MpeoOpa3oBBIBAIOTCS B yKa3aTe/lM const T*.

1. Knacchl T 1 U nipeACTaBisiioT co00il OAMH U TOT Xe THUII.
2. Knacc T siBiisieTcsl eAIMHCTBEHHBIM OTKPBITHIM 0a30BbIM KJIaCCOM IS Kjacca U.

3. Knacc T mpeacrasnsietr cob6oit Tum void.

[MocmenmHee MCKIIOYAeTCs MPU BTOPOIl TpoBepke. Ha TipakThike OBbIBaeT ITOJIE3HO CUUTATh
TepBbIil BapuaHT (KJacChl T M U TIPEICTABISIIOT CO00i OMWH M TOT K€ THUI) BBIPOXICHHBIM
clay4yaeM OTHOILIeHUs “sBisgercs” (“is-a”), MOCKOJbKY € MPaKTUYECKOM TOYKM 3PEHUS JIIO-
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001 KJlacC 4acTO MOXHO CUMTaTh COOCTBEHHBIM cymepkiaccoM. Eciaum mpoBepKy HyXHO
YKECTOUUTh, MOXXHO HamucaTh CIAeAYIOLIUIA KOJ.
#define SUPERSUBCLASS_STRICT(T, U) \
(SUPERSUBCLASS(T, U) && \
I'(::Loki::Conversion<const T*, const U*>::sameType)

3aueM B 3TOM (PparMeHTe Koma CToNbKo MoaudukaropoB const? [lpuunHa COCTOMT B TOM,
YTO TMpPOBEpKa He JOJKHA 3aBepllaThesl Heylnaueil 1U3-3a MpodJieM, CBSI3aHHBIX C STUMU MOAUMU-
karopamu. Eciu 11aGjoHHbBINA KOA TTpUMEHsIET MoauGUKaTop const ABaXKIbl (K TUITY, KOTOPbBIA
yXe SIBISIETCSl KOHCTAaHTHBIM), BTOpoii Monudukarop urHopupyercsi. Kopoue rosopsi, Mmoandu-
Karop const B Makpoce SUPERSUBCLASS TIpUMEHSIETCS B LIEJISIX O€30MacHOCTH.

ITouemy makpoc Ha3BaH SUPERSUBCLASS, a He BASE_OF uiau INHERITS? [lo omHoii
oueHb BaxHoU mpuuuHe. [lepBoHavyasbHO B Oubanoreke Loki 3TOT Makpoc Ha3biBajicss IN-
HERITS. OnHaKoO MpU UCIOJb30BaHUM BbIpakeHMs INHERITS(T, U) KaXablii pa3 BOZHUKAI
BOIIPOC, YTO MMEHHO MPOBEPSIETCS: TO, UTO KJacc T SBJSETCS MPOM3BOAHBIM OT Kjacca U,
nim Hao6opoT? OueBUIHO, YTO BbIpakeHHEe SUPERSUBCLASS(T, U) TakuX COMHEHUI He
BBI3BIBAET, MOCKOJIbKY B €r0 Ha3BaHWU TepBasi 4yacTb (SUPER) OTHOCUTCS K TIEpBOMY Iapa-
MeTpy T, a BTopas (SUB) — KO BTOPOMY IMapameTpy U.

2.8. O6onouka Bokpyr knacca type_info

B cranmapre s3pika C++ mpemycMoTpeH Kiace std::type_info, mo3Bossiommii uccieno-
BaTh TUITbl OOBEKTOB B XO/€ BBIMOJIHEHMsI IporpaMmbl. OOBIYHO Kilace type_info nmpumeHsieTcst
B COYETAHMHU C ONepaTopoM typeid, BO3BpalllaloIM CChUIKY Ha OOBEKT Kitacca type_info.

void Fun(Base* pObj)

{
// CpaBHuMBaeT ABa obbekTa Tuna type_info, cooTBeTCcTBywuMe TuUMNam
// *pObj u Derived, cooTBeTCTBEHHO
if (typeid(*pobj) == typeid(Derived)
{
ara, Ha camoM-TO jesie ykasaTenb pObj
ccbinaeTcsas Ha obbeKkT knacca Derived
}
}

Orneparop typeid Bo3BpalllaeT CChUIKY Ha 0ObeKT kiacca type_info. Kpome oreparopos
CpaBHEHMS operator== 1 operator!=, kjnacc type_info cogepxur erie n18e QyHKINU.

o @yHKIMSI-YICH hame BO3BpalllaeT TeKCTyaJbHOE TpeICcTaBIeHUe TUIa B (opme Tie-
peMeHHO#l Tuna const char*. CraHaapTHOro crocoba MpeoOpa3oBbIBaTb MMeEHa
KJaccoB B CTpoku HeT. [loaToMy He ciemyeT OXuaaTh, YTO 3HAYEHUEM BbIPAXKEHUS
typeid(widget) OymeT crpoka “Widget”. BroiHe npuemiaemMo (XOTS M HE CIMIIKOM
XOpOII0), ecu peanu3auusi QyHKUUM-wieHa type_info: :name Bo3BpaTuT sl BCEX
TUIOB MYCTYIO CTPOKY.

o @Oyukuus-uaeH before ycraHaBiuBaeT Mexny oObekTamMu TUna type_info oTHO-
mieHue nopsiaka. Mcronbs3yst aTy yHKIMIO, MOXHO MHIEKCUPOBATh OOBEKTHI Kjiacca
type_info.

K coxaneHuto, rnosesHble CBOMCTBA Kiacca type_info peannsoBaHbl Tak, 4TO MX TPYAHO
3KCIDTyaTUpoBaTh. B Kitacce type_info He TpemycMOTpeHbI KOHCTPYKTOP KOIMMPOBAHUS U OIle-
patop MpHCBauBaHMsI, UYTO HE MO3BOJISIET XPAaHUTh B MaMSITU 00beKThl 3TOro TMmna. OaHaKo MOX-
HO XpaHWUTb ykazameiu Ha OObeKTHI THMA type_info. OOBEKTHI, BO3BpalllaeMble OIEPATOPOM
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typeid, XpaHATCS B CTAaTUUECKOM TaMSITH, TIOOTOMY OECITOKOMTBCS O BPEMEHU WX KU3HU He
ctouT. BMecTo atoro cienyer obecnieunTs udenmuunocms ykazameneil (pointer identity).

Cranpapt s13bika C++ He rapaHTHpyeT, YTO MPU KaXXIOM BBI30BE, HAITpUMEp, orepaTopa
typeid(int), Bo3BpallaeTcsl CChIKa Ha OIWH M TOT e 00BbeKT Kiacca type_info. Cieno-
BaTeJIbHO, CPAaBHUTh yKa3aTeIM Ha OObeKTHI Kilacca type_info HeBo3MoXHO. XpaHUTh yKa-
3aTeJIM Ha OOBEKThl 3TOTO TUIA U CPaBHUBATbL MX MEXIY COOOI HYXXHO C MOMOIUIbIO (DYHK-
uuu type_info: :operator==, KoTopas NpuUMeHsSETCS K pa3bIMEHOBAaHHBIM yKa3aTeJsiM.

[Ipy HEOOGXOAMMOCTH paccOpTUPOBaTh OOBEKTHI Kilacca type_info cHOBa HyXXHO coxpa-
HUTh yKa3aTeJId Ha HUX, HO Ha 3TOT pa3 MCIONb30BaTh QyHKIMIO-wieH before. Cnemona-
TEJIbHO, VISl TOTO YTOObI MPUMEHUTH YMOPSAOYEHHbIE KOHTEeHEPHl U3 OMOIMOTEKM 111abJ10-
HoB STL, HyXHO HanucaTh HeboJbiIoN (pyHKTOpP (functor) u mopaboTarh ¢ yKazaTeassMu.

Bce 310 moBobHO HeymoOHO. IS TOro 4toObl MPEeOaoJeTh 3TU TPYIHOCTH, CO3AAIUM
BOKpYT Kiacca type_info unrtepdeiicHblil Kiaacc (wrapper class), B KOTOpOM XpaHUTCSI yKa-
3aTeib Ha 00BbEKT TUMa type_info M mpenyCMOTpeHO Clenyloliee.

e Bce dyHKuuM-wieHbl Kiacca type_info.

o CeMaHTMKa 3HaYEHUI (OTKPBITbIA KOHCTPYKTOP KOIMPOBAHMSI U OIepaTop MpUCBau-
BaHUA).

e Ormeparopsl CpaBHEHHUsI operator< u operator==.

B 6ubnmoreke Loki onpenenen nHTepdeiicHbIl Ki1acc TypeInfo, B KOTOPOM peann3oBa-
Ha omnucaHHas Bblllle 000J04YKa Kjacca type_info. BoT ero kpatkuii 0630p.

class TypeInfo

public:
// KOHCTpPYKTOpbl/AEeCTPYKTOPLI
TypeInfo(); // HeobxoauM ANA KOHTeEWHEpPOB
TypeInfo(const std::type_infol&);
TypeInfo(const TypeInfol&);
TypeInfo& operator==(const TypeInfod&);
// ®YHKUMM CpaBHEHMUS
bool before(const TypeInfo&) const;
const char* name() const;

private:
const std::type_info* pInfo_;

1

// OnepaTopbl CpaBHeHWs
bool operator==(const TypeInfo&, const TypeInfo&);
bool operator!=(const TypeInfo&, const TypeInfo&);
bool operator<(const TypeInfo&, const TypeInfo&);
bool operator<=(const TypeInfo&, const TypeInfo&);
bool operator>(const TypeInfo&, const TypeInfo&);
bool operator>=(const TypeInfo&, const TypeInfo&);

bnaromapsi KoHCTpyKTOpYy mpeoOpa3oBaHus (conversion constructor), mojiyyaroiiemy B
KayecTBe MapameTpa o0beKT Kiacca std::type_info, MOXHO HeMoCpPenCTBEHHO CpPaBHU-
BaTh 00beKThI TUMOB TypeInfo u std: :type_info, Kak mokazaHO HMXe.

void Fun(Base* pObj)
TypeInfo info = typeid(Derived);
if (typeid(*pobj) == info)
{

YKa3zaTenb pObj AeNcTBUTENbHO yKa3biBaeT
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Ha 0bbeKkT knacca Derived

}

CocoGHOCTh KOIMMPOBATh M CPABHUBATh MEXKITY CO00M 0OBEKTHI Kilacca TypeInfo BakHa BO
MHOTUX cuTyanusax. Mabpuky KIOHWPOBAHMsI, OMMCAHHBIC B TJIaBe 8, U MeXaHW3M JBOWMHOM
JMCrieTyepu3aliMu, pacCCMOTPEHHBI B T1aBe 11, 10CTaTOUHO SIPKO WILTIOCTPUPYIOT 3TOT (DaKT.

2.9. Knaccbi NullType n EmptyType

B 6ubnuoreke Loki ornpenesieHbl 1Ba O4eHb MPOCThIX TUMa: NullType u EmptyType. Mx
MOXHO WCITOIb30BaTh I MACHTU(MHWKALIMN OoJiee IMPOKUX TUTIOB.
Krnacc Nul1Type ciyXuT B KayecTBe HyJIeBOro Mapkepa tunos (null marker).

class NullType {};

OOBIYHO OOBEKTHI ATOTO KJlacca He co3faioTcs. Ero eqMHCTBEHHOE TIpenTHa3HayeHne — 000-
3HAYMTh THITHI, HE MPEICTaBisgtoniue nHTepeca. B pasmene 2.10 kimacc Null1Type MCHOJIB3Y-
€TCSl B CUTYallUsIX, KOT/Ia TUIT MMEET CMHTAaKCUUYSCKUN CMBICI, HO HE MMEET CEMaHTUYEeCKO-
ro. (Hanpumep: “Ha o0bekThl Kakoro THIa yKa3bIBaeT nepeMeHHas Ttuma int?”.) Kpome
TOTO, CITMUCKY THUIIOB, OMMMCAHHBIE B TJIaBe 3, UCIONB3YIOT Kiacc NullType B KayecTBe Map-
Kepa KOHIIa CMKCKa W JUIsl BO3BpaTa COOOIIeHUsT “TUI He HailleH”.

Btopoii BcrioMoratenbHBIM TUIT — Kilacc EmptyType. Kak m ciemoBajio OXumaTh, €ro
omnpeesiecHre UMeeT CJSTYIOIINA BUL.

struct EmptyType {};

DTOT THUIT MOXHO HCITOJIb30BaTh B Ka4eCcTBe 0a30BOTO Kilacca, a TaKKe IS Tepenadyr 3Hade-
HUI TuTa EmptyType. Kpome Toro, ero MOXHO NMPUMEHSITh B IIa0JJOHAX B KauyecTBe TUIIA,
3aJIaHHOTO M0 YMOJI4YaHUO (“He BaXHO KakKoi™”), KakK IOKa3aHO B TjaBe 3.

2.10. XapakTepucTnkv TMnoB

XapakTepuCTUKH (traits) — 3T0 MeTon OO0OOIIEHHOro IPOrpaMMMPOBAHMS, MO3BOJISIOIIUIA
MPUHUMATh PELIeHMs] Ha 3Tarne KOMITWISLIMM TTPOrpaMMbl, OCHOBBIBasICh Ha MH(OpMaluu o TH-
TMax, aHAJIOTMYHO TOMY, KaK B XOJI€ BBITIOJTHEHMS MPOTPaMMBbl TIPUHUMAIOTCS PELCHUS, OCHO-
BaHHble Ha 3HayeHusiX (Alexandrescu, 2000a). IIpemoctaBisist “HOMOJHUTEBHBIN OKOJIbHBIN
MyTh”, TIO3BOJISIIOIIMIA PEIITh MHOTUE TIPOOJIEMBI, CBSI3aHHBIC C TTPOCKTUPOBAHWEM TIPOTpaMM-
HOro obecrneyeHus, XapaKTepUCTUKU JAI0T BO3MOXXHOCTb MPUHMMATh PellieHUs], OCHOBBIBASICh Ha
MHMOPMAIMU O TUTIAX, HAXOMSICh BHE KOHKPETHOTO KOHTeKCTa. Ko, moydeHHBI B pe3y/brare,
CTaHOBUTCSI sICHee, YynTabesbHee U Jierde B 9KCIUTyaTalliu.

OOBIYHO TIPOTPAMMMUCTBHI TUIIYT CBOM COOCTBEHHBIE XapaKTepHUCTUYCCKHME IMAOIOHBI M
KJ1acchl /Ui 000011eHHOro koma. OMHAaKO XapaKTePUCTUKU MOXHO MPUMEHSITb K JIIOObIM
turmam. OHU TTOMOTAOT MPOTPAMMUCTY, CO3/aoleMy OOOOIICHHBIN KO, TOYHEe COrjaco-
BaTh 1a0JIOHHbBIN KOJ ¢ BOBMOXHOCTSIMU TUMA.

HomycTuM, 4TO MBI peajn3yeM aJlrOPUTM KOTTMPOBAHUS.

template <typename InIt, typename OutIt>
outIt Copy(Init first, InIt last, OutIt result)

for (; first != last; ++first, ++result)

*result = *first;
return result;
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TeopetTnyecku Takoil aJITOPUTM peaM30BBEIBaTh HE MMEET CMBICIIA, IIOCKOJBKY OH IyOIupy-
€T BO3MOXHOCTH OMOIMoTeyHoi ¢pyHKIUM std: :copy. OnHaKo MHOIA BO3HMKAET HEOOXO-
IVUMOCTh CIIEIIMAIbHO HACTPOUTH (DYHKIIMIO KOIMPOBAHUS Ha ONpPEIeICHHBINA THUII.

[Ipeanmonoxum, 4To Mbl pazpadaTbiBaeM KOI JJISI MHOTOMNPOLIECCOPHOM MAalllWHBI, B KO-
TOpPOI MpedyCMOTpeHa OdYeHb ObICTpas djieMeHTapHas (yHKuus BitBlast. EcrecrBeHHO,
MBI XOTEJU Obl UCTIOJIB30BATh 3TO MPEUMYIIECTBO TaM, TA€ 3TO BO3MOXHO.

// NpoToTun ¢yHKUuMM BigBlast B 3arosioBOYHOM (anne

// "SIMD_Primitives.h"

void BigBlast(const void* src, void* dest, size_t bytes);
Pasymeercs, ¢pyukuus BigBlast mpeaHa3HaueHa I KOIMMPOBAHUS TOJBKO 3JIEMEHTAapHBIX
TUMOB U TPOCTHIX CTAPBIX CTPYKTYP JAaHHBIX. DTy (DYHKLMIO HElb3sl NMPUMEHSITh K TUIIAM,
MMEIOIINM HEeTPMBHAJILHBII KOHCTPYKTOP KOIMMpOBaHMS. TakmM 00pa3oM, XKeJIaTeIbHO ObI-
JIo Obl peaju3oBaTh HOBYI (YHKLMWIO COpy TakK, 4TOObI MCMOJb30BaTh MpPEUMMYIEeCTBa
¢yHKIMKM BigBlast ¢ MakKCMMAaJbHOW BBITOAOII M TNpPU KOIMHUPOBAaHUM OOBEKTOB OoJjiee
CJIOXHBIX TUIOB. [Ipy KONMMpPOBaHUM 3JEMEHTAPHBIX TUIIOB (DYHKIIMSI COpy “COBEpIIEHHO
HETIOHSITHBIM 00pa3oM” Oy/eT BBITIOTHSThHCS ObICTpEe.

st Toro 4ToObl peayn30BaTh MYHKIIMIO COPY, HY>KHO BBIMOJHUTh JIBE MPOBEPKU.

o SfBasioTcs v nepeMeHHble InIt U OutIt OOBIYHBIMM YKazaTeasMHu (B OTJIMYME OT
0oJiee CIOXHBIX TUIIOB UTEPATOPOB)?

e  MOoXHO JI1 KOIMUPOBaTh OOBEKThI, HA KOTOPbIE CChUIAIOTCI yKa3zaTteau InIt u OutIt,
oOoUTOBO?

Ecnu Ha 3Tane KOMIWISILIMM Mbl MOJIOKUTEJLHO OTBETMM Ha 00a BOIPOCA, MOXHO MPUMEHSITh
(ynkiuio BigBlast. B nmpoTuBHOM ciiydyae Hy>KHO MCIOJIb30BaTh O0OOIIEHHBIN 1TUKI for.

Pewuth Takue npobjaeMbl MOXHO C MOMOILIBIO XapakTepucTuk. B 3Toli riaBe, B OCHOB-
HOM, MCIIOJIb3YETCSl peain3aliusi XapakKTepucTuk u3 o6ubamoreku Boost C++ (Boost).

2.10. 1. Peanuszayuns xapakTepucTuk ykasartesien

B oubnuoreke Loki ompeneneH 1abaoHHBIN Kiacc TypeTraits, B KOTOPOM COOpaHO
MHOXKECTBO XapaKTEPUCTUK OOOOIIEHHBIX TUMOB. DTOT KJIacC MCHOJb3YeT I11a0JOHHbIE Cre-
LUAIU3AIMU, COJAEPXKAIIMECS B HEM, U TIPEICTABIISIET PE3YJIbTATHI.

Peannzanus xapakTepucTUK OOJBUIMHCTBA TUMOB OCHOBBIBAETCS Ha MOJHOW WJIM yYac-
TAUYHOW creuuanusanuu 1absoHoB (pasmen 2.2). Hampumep, npuBeieHHbI HMXe ¢par-
MEHT KOJia OTpeJesisieT, ABIIeTCs U TUM T yKa3zaTeJleM.

template <typename T>
class TypeTraits

private:
template <class U> struct PointerTraits

enum{result = false };
typedef NullType PointeeType;

template <class U> struct PointerTraits<U*>

enum { result = true };
typedef U PointeeType;

y
public:
enum { isPointer = PointerTraits<T>::result };
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typedef PointerTraits<T>::PointeeType PointeeType;

};

B mepBoM omnpeneneHur BBOOMTCS LIAOJOHHBIM Kjacc PointerTraits, KOTOPbIM Kak ObI
roBoput: “Kiacc T — He ykazarenb”. HamomHum, yto paHee (B pasnene 2.9) B aTUX cUTya-
LUSIX TIPUMEHSUICS Kiacc NullType.

Bo BTOpOM ompeneseHun (BbIACAEHHOM B TEKCTE) BBOAMTCSI YAaCTUYHAsl CrielMaTu3aiius
abJIOHHOTO KJacca PointerTraits, COOTBETCTBYIOLAs JOOOMY TuMy yKazarteneid. s
HYJIEBOTO yKaszaTeJisl, KOTOPbI HE CChIJIAeTCSl HU Ha ONMH OOBEKT, ClelraTn3alusi, BblIe-
JIeHHasi B TeKCTe (parMeHTa, KBAIMMUUMPYETCS KaK COOTBETCTBME, OOjiee TOYHOE, YeM
000011IeHHbII 1aboH As1 Joboro Tuna ykasateneil. CrenoBaTelbHO, BCTYMaeT B CUIIY
crielManu3anus yisi ykazaresnei, a mepeMeHHas result npuHumaeT 3HaueHue true. Kiacc
PointeeType omnpenensieTcss COOTBETCTBYIOIIUM 00pa3oMm.

Tenepn MOHO TOHSITh BHYTpEHHEE YCTPOHCTBO peanuzanuu Kj1acca
std::vector::iterator — sBisieTCS OH MPOCTBIM yKa3aTeJeM WJIA TPEACTaBisIeT cOoOOM
HEKWii CIOXHBIN THM?

int mainQ)

{
const bool
iterIsPtr = TypeTraits<vector<int>::iterator>::isPointer;
cout << "vector<int>::iterator is " <<
(iterIsptr ? "fast" : "smart")<< '\n';
3

AHaJIOrMYHO B Kjacce TypeTraits peanmsyercss KOHCTaHTa isReference m ompenes-
eTcsa TMI ReferenceType. s cchutoyHOro THma T Kiacc ReferenceType MpencTaBisieT
cO0O THII, Ha KOTOPBII CChUTAETCS OOBEKT Kiaacca T. Eciam xmace T ABISETCS OOBIYHBIM TH-
oM, TO KJiacc ReferencedType coBnamaeT ¢ HUM.

PasmosHaBanMe ykaszaTejeil Ha 4YieHB Kiacca (I1aBa 5) HEMHOTO OTIMYAETCS OT OIMK-
CaHHOTrO BbIIIe. [T 3TOro HyXKHa ClIeAyollas CrieluaTu3aus.

template <typename T>
class TypeTraits

private:
template <class U> struct PToMTraits

{

1

template <class U, class V>
struct PToMTraits<U V::*>

{

b
public:
enum { isMemberPointer = PTOMTraits<T>::result };

1

enum { result = false };

enum { result = true };

2.10.2. Pacno3HaBaHue OCHOBHbIX TUIMOB

Knacc TypeTraits<T> pealm3yeT CTaTMUYECKYIO KOHCTaHTy 1isStdFundamental. Ilo
3HAYEHUIO 3TON KOHCTAHTBI MOXHO OIPENENUTb, SBISIETCS KiaacC T CTaHAApTHBIM OCHOB-
HBIM TUIIOM WUJU HeT. K 3TUM TUmaM OTHOCHUTCS TUIT VOid M BCEe UMCIOBbIE TUIIbI (KOTODPbIE,
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B CBOIO OYepelb, MOAPA3IE/SIOTCS Ha TUITHI YKMCEJ C IIaBaIOLIEi TOYKOW M LIEJIOYMCICHHBIE
Tumbl). B Knacce TypeTraits pealn3yloTcsl KOHCTaHTHI, TTOKa3bIBAIOIINE KaTeropuio, K KO-
TOPOI MOXET IIPUHAIEXKATH 3aJaHHbIA THIIL.

HemHoro 3abGerast Bmepem, cieayeT cKas3aTh, YTO chucku munog (TiaBa 3) TO3BOJISIIOT
JIETKO OIPEAE/ISATh, IPUHAIICKNT JIM TUII 3aJaHHOMY MHOXECTBY THIIOB. IloKa HaM HyXHO
3HaTh JIMIIb TO, YTO MPUBEIEHHOE HIKE BhIpakeHUe (B KOTOPOM cyddUKe nn o3HaYaeT KO-
JINYECTBO TUIIOB, IIEPEUMCIIEHHBIX B CIIMCKE) BO3BpAlaeT MO3MLMIO Kiacca T B CIIMCKE, Ha-
YUHAsT OTCYET OT HYJISI, WUIM YMCI0 —1, eClIM 3aMaHHOTOo KJlacca B CITMCKE HeET.

TL: :IndexOf<T, TYPELIST_nn(cnucox munoe, pazderennvix sanamoimu)>: :value

Hanpumep, 3HaueHNe BBIpaKEHUS

TL::IndexOf<T, TYPELIST_4(signed char, short int,
int, Tong int)>::value

OOoJIbIIIE WU PaBHO HYJIIO, TOJBKO €CJIM KJIaCC T SBJISIETCA LIEJ0YUCICHHBIM TUIIOM CO 3HAKOM.
Hixe IIpUBEOCH (I)paI‘MeHT OIIPEACICHUS Kilacca TypeTra‘i t 1JIs1 OCHOBHBIX TUIIOB.

template <typename T>
class TypeTraits

. KaK MoKa3aHo Bbllle
public:
typedef TYPELIST_4(
unsigned char, unsigned short int,
unsigned int, unsigned long int)
UnsignedInts;
typedef TYPELIST_4(signed char, short int, int, long int)
SignedInts;
typedef TYPELIST_3(bool, char, wchar_t) OtheriInts;
typedef TYPELIST_3(float, double, Tong double) Floats;
enum { isStdunsignedInt =
TL::IndexOf<T, UnsignedInts>::value >= 0 };
enum { isStdSignedint =
TL::IndexOf<T, SignedInts>::value >= 0 };
enum { isStdIntegral = isStdunsignediInt || isStdSignedint ||
TL::IndexO0f<T, OtherInts>::value >= 0 };
enum { isStdFloat = TL::IndexOf<T, Floats>::value >= 0 };
enum { isStdArith = isStdintegral || isStdFloat };
enum { isStdFundamental = isStdArith || isStdFloat ||
conversion<T, void>::sameType };

};

Hcnonb3oBaHue cnUcKoB M Kiacca TL::IndexOf gaeT BO3ZMOXHOCTb OBICTPO MOJy4YaTh
nH(poOpMaIMIO O TUTIAX, HE Mpuderasi K MHOTOKPAaTHOM crielanu3anuu 1abaoHos. Eciu Bb
HE MOXeTe YCTOSITh TMepe] cO0Ja3HOM MOKOMAThCsl B AETAISIX, MOXETe cpa3y MepeiTH K Ia-
Be 3, HO He 3a0yIbTe BEPHYTHCS OOpaTHO.

dakTuyeckass peaqusalusi TPOLEAYPbl PACMO3HABAHUSI OCHOBHBIX THUIIOB HaMHOTO
CJIOXHEE, UYTO TO3BOJISIET NMPUMEHSATh €€ IJIsi paclio3HaBaHUsSI Oojiee IIMPOKOTO CIEeKTpa
KJIacCOB, pa3pabaTbiBaeMbIX MPOWU3BOAUTENSIMU TMPOTrPaMMHOI0O obecreyeHusl (Harpumep,
int64 unu Tong Tong).

2.10.3. OnTumanbHbie TUbl NapamMmeTpPoB

B mrabioHHOM Koze MHOTIA HYXHO OTBETUTh Ha CJIEHYIOIUMI BOIpPOC. 3alaH IPOU3-
BoJIbHBIA TN T. Kakoil cnocob nepenayu v noiay4yeHUs: OOBbEKTOB TUIA T B KayeCTBE apry-
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MeHTOB (yHKIMIT Haubosee 3dexkTruBeH? B obiem ciydyae cioxHbie TAMH 3GhGhEKTUBHEE
BCEro nepeaaBarh MO CChUIKE, a CKalsipHble — Mo 3HayeHuto. (K cKaJlsipHBIM THIIaM OTHO-
caTcs apuMeTUUecKre TUIIbl, OMTMCAHHbIE paHee, HalpuMep enum, yKasaTeJu M yKa3aTeiau
Ha wieHbl Kjacca.) sl CIOXHBIX TUIOB 3TO TMO3BOJISIET M30€XaTh HEHYXXHbBIX 3aTpaT Bpe-
MEHU Ha BbI30BbI KOHCTPYKTOPOB U ECTPYKTOPOB, a IJISI CKAJISIPHBIX TUIIOB — M30BITOYHBIX
CIoco0O0B J0CTyMa K MePEMEHHBIM, MPEAOCTABISIEMBIX CChLIKAMMU.

He 3a0ynpre, uto B si3bike C++ CCHUIKM Ha CCHUIKM HE IOMycKaroTcs. TakuM o0pa3oM, eciu
00BEKT Ki1acca T yKe SIBJISIETCS CChLIKOI, TO HOBYIO CChUIKY Ha Hee CO3/1aBaTh He CJIEdyeT.

HecnoxHblil aHanM3 ONTUMAJIbHBIX TUIIOB MapamMeTpoB (YHKUIMU MPUBOIUT K CIIEAYIO-
eMy aaroputMy. PaccMoTpuM TUIT TapaMeTpa ¢ UMEHEM ParameterType.

Ecnu knace T — 3TO cChlJIKa Ha HEKOTOPBIN TUTI, KJacchl ParameterType u T
COBMAAAIOT (CChUIKM HA CCBUIKM HE JOMYCKAIOTCS).
B npotuBHOM ciyuae,
€CJIM KJIacc T — 3TO CKaJsipHbli Tun (int, float u T.1m.), TO KJacc
ParameterType — 3TO KJacc T (OCHOBHbIE THUIIbI JIyYllle BCETO MepeaaBaTh
M0 3HAYEHUIO),
MHaue KJjacc ParameterType sIBISIETCS] TUIIOM const T& (HedJieMeHTapHble THUIIbI
JIydlle TiepenaBaTh MO CChUIKE).

OnHO U3 JOCTOMHCTB 3TOTO AJITOPUTMA COCTOUT B TOM, YTO OH TIO3BOJISIET U30eXKaTh OLIMOKM,
CBSI3aHHOM C MCMOJIB30BAHUEM CCBUIKM Ha CCBLIKY, KOTOpas MOXET BO3HWKHYTh MPU COBMECT-
HOM UCIONIb30BaHUM (hyHKTOPOB bind2nd u mem_fun 13 craHgapTHON OMOIMOTEKMN.

Kunacc TypeTraits: :ParameterType JIETKO PEaIU30BaTh C MOMOILBIO NTPUEMa, KOTOPBIA MbI
yKe TIPUMEHSUIM, Y OTIPE/IEIEHHBIX BbIllIe XapakTepucTuk ReferencedType u isPrimitive.

template <typename T>
class TypeTraits

.. KaK 1 paHbue ..
public:
typedef Select<isStdArith || isPointer || isMemberPointer,
T, ReferencedType&>::Result
ParameterType;

};

K coxaneHuto, 3Ta cxeMa He MO3BOJISIET MepeaaBaTh 110 3HAYCHMIO TTapaMeTphl Tepeumc-
JIMMBIX THUIIOB, ITOCKOJIbKY HEBO3MOXHO OIIPEACINTD, SIBISCTCS 3aJaHHBIA TUIT MEPEUMCIIM-
MbIM WJIU HET.

Kmacc TypeTraits::ParameterType MCIOJB3yeTCSI B IIAO0JIOHHOM Kjacce Functor,
oIpe/ieJIeHHOM B TJiaBe 5.

2.10.4. YganeHue kBanngpunkaTopos

HMMest Tunm T, MOXHO JIETKO ITOJYYUTh KOHCTAHTY, OY€Hb ITOXOXYI0O Ha OOBIYHYIO KOH-
cTaHTy const T. OgHAKO BBIIIOJHUTH OOpaTHYIO omepauuio (T.e. YIaIUTh KBaIM(pUKATOP
const) HamHoOro tpyaHee. Kpome TOro, mHoraa BO3HMKAET HEOOXOAMMOCTb M30aBUTHCS U
oT kBaymdukaTopa volatile.

Paccmotpum, Harpumep, co3aaHue MHTEJUIEKTYaIbHOTO yKaszarelist SmartPtr (riaea 7). Eciu
OBbI MBI 3aXOTEJIM IIPEIOCTABUTD ITOJIH30BATEII0 BO3MOXKHOCTL CO3/IaBaTh MHTCIUICKTYAIbHBIC YKa-
3aTeJIM Ha KOHCTaHTHbIE OOBEKTHI, HAallpMMep SmartPtr<const Widget>, NpUILIOCh ObI MOIU-
¢uLMpoBaTh yKasaTeJb Ha KOHCTAHTHBIM OOBeKT Kiacca Widget. B stom cimyyae B Kiacce
SmartPtr ciegoBaio Obl CO3AaBaTh OOBEKT Kiiacca Widget Ha OCHOBE KOHCTAHTHOIO OOBEKTA.
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PeannzoBarh Takol “AMKBUAATOP” MOCTATOYHO MPOCTO. IS 3TOTO HY>XHO TPUMEHUTH
YACTUYHYIO 1IA0JIOHHYIO CleLMaIU3aluIo.

template <typename T>
class TypeTraits

. KaK M paHbue ..
private:
template <class U> struct uUncConst

typedef U Result;
y
template <class U> struct uUnConst<const U>
typedef U Result;

1
public:
typedef UnConst<T>::Result NonConstType;

2.10.5. NMpumeHeHue knacca TypeTraits

Krnacc TypeTraits mpenocTaBisieT MHOTO WHTEPECHBIX BO3MoOxHocTteil. Hampumep, c
MOMOIIIbIO OMUCAHHBIX BbIlIE MPUEMOB MOXHO peaau3oBaThb MpOLEAypy COpy, MCMHOJb3YIO-
myoo ¢yakiuo BitBlast (mpobinema, yrnomsHyTas B pasmeie 2.10). Jlist aToro MoOXHO
MPUMEHUTh Kjacc TraitsType, MO3BOJSIIOLIMIA MOJTYYUTh UH(MOPMALIMIO O IByX UTEpaTopax,
1 1abJOHHBIN Kjiacc Int2Type, OCYLIECTBISIONIMI IUCTIETYePU3alMI0 BbI30Ba MO0 (PyHK-
uy BitBlast, MO0 KIacCUYECKOU MpoLeaypbl KOMMMPOBAHUSI.

enum CopyAlgoSelector { Conservative, Fast };

// Knaccuuyeckas npouepypa MNpuvMeHseTCcss KO BCeM Tunam

template <typename InIt, typename OutIt>

outIt CopyImpl(InIit first, InIt last, OutIt result,
Int2Type<Conservative>)

for (; first != last; ++first, ++result)
*result = *first;
return result;

3
// BbiCTpas npoueaypa nNpuUMeHSAeTCA TONbKO
// BNna yka3aTesiem Ha npocTble AaHHble
template <typename InIt, typename OutIt>
outIt CopyImpl(InIit first, InIt last, OutIt result,

Int2Type<Fast>)

const size_t n = last-first;
BitBlast(first, result, n * sizeof(*first));
return result + n;
3
template <typename InIt, typename OutIt>
outIt Copy(InIt first, InIt last, OutIt result)
{

typedef TypeTraits<InIt>::PointeeType SrcPointee;
typedef TypeTraits<OutIt>::PointeeType DestPointee;
enum { copyAlgo =
TypeTraits<InIt>::isPointer &&
TypeTraits<outIt>::isPointer &&
TypeTraits<SrcPointee>::isStdFundamental &&
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TypeTraits<DestPointee>::isStdFundamental &&

sizeof(SrcPointee) == sizeof(DestPointee) ? Fast
conservative };

return CopyImpl(first, Tast, result, Int2Type<copyAlgo>());

}

HecmoTtpst Ha To 4TO mpolenypa Copy caMma Mo cede He CAUIIKOM CJI0XHa, B Hell eCTh
OIVH MHTepecHBII MOMeHT. Ilepeuncinmoe 3HadeHne copyAlgo ITO3BOJISIET MeJIaTh BHEIOOD
cpenM pa3HbIX peanusanuii. Jlornka 3toro BeiOOpa TakoBa: (pyHKIMs BitBlast MCHonb3y-
eTcs, eclii oba UTepaTropa SABJSTIOTCS yKazaTeIsIMM, M 00a TuIla, Ha KOTOPHIE CCHLIAIOTCS
yKa3aTesu, SIBJISIOTCS OCHOBHBIMU M UMEIOT OIMHAKOBBIM pa3mep. IlocienHee yciioBUe He-
o0braHO. PaccMoTpuM Takoil hparMeHT Koma.

unsigned int* p3 = . ;

Copy(pl, p2, p3);

B atom BapuaHTe yHKIMsS Copy BbI30BET (HYHKIIMIO OBICTPOrO KOMUPOBAHUsI, Kak U
MOJIOXKEHO, XOTSI TUITbl UICTOYHUKA U afipecaTa OTIMYAIOTCS APYT OT JIpyra.

HenocraTok ¢dyHKIMK Copy 3aKJI04yaeTcss B TOM, YTO OHA HE YCKOpPSIET TO, YTO MOXHO
ObUT0 OBl yckOpuTh. Hampumep, /uisi IpocToii CTPYKTYphl, XapakTtepHou s sizbika C, co-
Jiepxxauleil JUllb JaHHbIe 3JeMEHTapHbIX TUMOB — TaK Ha3bIBA€MOM CTPYKTYPbl CMApbX
npocmuix dannbix (old plain data structure), unu POD-cTpykTyphl, CTaHAapTOM TIPEIyCMOT-
peHo nobuToBoe KonuposaHue. OgHako GyHKIMs COpy HE PacMoO3HAET MPOCThbIe CTPYKTYPhI
M BBI3bIBAET MEUICHHYIO TMpOLIeaypy KOMMpoBaHUs. 31ecCh, KpoMe Kiacca TypeTraits,
HY>XHO CHOBA NMPUMEHUTh KJIACCUYECKUE XapaKTePUCTUKHU.

template <typename T> struct SupportBitwiseCopy

{
enum { result = TypeTraits<T>::isStdFundamental };
1
template <typename InIt, typename OutIt>
outIt Copy(InIt first, InIt Tast, OoutIt result,
Int2Type<true>)

typedef TypeTraits<InIt>::PointeeType SrcPointee;

typedef TypeTraits<OutIt>::PointeeType DestPointee;

enum { useBitBlast =
TypeTraits<InIt>::isPointer &&
TypeTraits<outIt>::isPointer &&
SupportBitwiseCopy<SrcPointee>::result &&
SupportBitwiseCopy<DestPointee>::result &&
sizeof(SrcPointee) == sizeof(DestPointee) };

return CopyImpl(first, Tast, result, Int2Type<useBitBlast>());
1

Teneps, yToObI TpUMeHUTH (pyHKIMIO BitBlast mis POD-tunos, mocrtaToyHo crnenua-
JIU3UPOBATh 11a0JOHHBIN Ki1acc SupportBitwiseCopy U 3a1aTh B HEM 3HaueHMe true.

template<> struct SupportBitwiseCopy<MyType>

{
enum { result = true };

1

2.10.6. 3akno4yeHune

B Tab:n. 2.1 mokazaHO BCe MHOXECTBO XapaKTepUCTUK, peaTM30BaHHBIX B OnbmmoTeke Loki.
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2.11. Pe3iome

OrnrcaHHble TTPUEMBI TIPOrPAMMMPOBAHUSI 00Pa3yIOT CTPOUTENIbHBIC KOHCTPYKIIUW TSI
CO3IaHUsI KOMIIOHEHTOB, MPEACTABICHHBIX B KHUTE. BOJIBIIMHCTBO 3THUX IIPUEMOB OCHOBAHO
Ha IMa0JIOHHBIX KOIax.

Cmamuueckue duaerocmuveckue ymeepycoenus (pasnes 2.1) mo3BoJISIIOT OMOIMOTEKaM
TeHepUPOBaTh OCMBICJIEHHBIE COOOIIEHUST 00 OIMOKAX.

Yacmuunas wabaonnas cneyuasusayus (pasnen 2.2) TIO3BOJSIET CIEMATU3UPOBATH
WabJOHbl He IS (PMKCUPOBAHHOIO CIELMAbHOIO Habopa mapameTpoB, a IUlsl ce-
MeiicTBa mapaMeTpoB, HaubOJiee COOTBETCTBYIOIIMX 3aJaHHOMY 11a0JIOHY.

Jlokaabubie kaacce (paznen 2.3) IOTMyCKAalOT MHTEPECHbIE BO3MOXKHOCTH, OCOOEHHO
BHYTPU LIAOJOHHBIX (DYHKIIMIA.

Omobpanxcenue ueaouucreHHbIx KoHcmanm 6 munsl (paznen 2.4) objeryaeT Mpolecc
CTaTMYECKOM MUCITeTYepu3allii, OCHOBAHHON Ha YMCJOBBIX 3HAYCHUSX (OCOOCHHO
OYJIEBCKOTO THIIA).

Omobpaxcenue mexncdy munamu (pasgein 2.5) Mo3BOJSIET 3aMEHUTh NEperpy3Ky (yHK-
1M YaCTUYHOM crenuanu3anueil 1abJoHHbIX (QYHKIMIT (CBOMCTBO, KOTOPOTO B
a3bike C++ HeT).

Botbop munoe (pasnen 2.6) Mo3BoJIIeT BHIOMpPATh THITBI HA OCHOBE aHaM3a YCIOBHBIX
BBIPAXKCHUI.

Pacnosnasanue  koneepmupyemocmu U Hacre0oeawus Ha  dmane  KOMRUAAUUU
(paznen 2.7) naet BO3MOXHOCTb MOJydyaTh MHGOPMALIMIO O TOM, MOXHO JIU Mpeoodpa-
30BaTh [Ba 3aJaHHBIX TUNA OPYr B Jpyra, SABJIAIOTCA OHU IICEBIOHUMAMU OIHOTO U
TOTO K€ TUIIA WJIM HACJIEAYIOT CBOWMCTBA IPYyr Apyra.

Knace TypeInfo (pasmen 2.8) peanmsyer o0O0JIOUKY mist Kiacca std::type_info,
onpeesisisi CEMaHTUKY 3HAYCHUI U OTHOLICHUS TTOPSAKa.

Knaccet NullType u EmptyType (pasmen 2.9) urpaioT pojib CTPYKTYpHOTO HYJSI B
abJOHHOM MeTanporpaMMUPOBAHUM.

Illa6bnon TypeTraits (pasgen 2.10) mpeaocTaBisieT MHOXECTBO XapaKTEPUCTUK 0O0-
1LIETO MpeJHa3HAUYeHUsI, KOTOPble MOXXHO MCIIOJIb30BaTh JIJISi HACTPOWKM KOfa Ha CIie-
LU(UYECKYIO KATETOPUIO TUIIOB.

Ta6nuua 2.1. Ynenbl knacca TypeTraits<T>

Nma Bun Onmcanune

isPointer ByneBckas koHctaHTa [IpuHuMMaeT 3HauyeHMe true, ecau kinacc T
SIBJISIETCS TTApAMETPOM

PointeeType Tun SBngercss TMIIOM, Ha KOTOPBIA cChUTaeTcs TUI T,
ecnu kiacc T SIBIsIETCS yKazaTesieM, B POTUBHOM
ciydae siesiercst TurioM NullType

isReference ByneBckas koHctaHta [lpuHumaer 3HayeHue true, eciaum kigace T
SIBJISIETCS CCBUIOYHBIM TUITOM

ReferencedType Tun Ecnu xnacc T SBASIETCSI CCbUIOYHBIM THUIIOM,
kimacc ReferencedType sBisiercss TimoM, Ha
KOTOpPBI cchllaeTcs kiaacc T. B mpoTuBHOM
ciaydae kinacc ReferencedType cam sBisieTcs
Kjmaccom T
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Oxonuanue maéba. 2.1

Nmsa Bun Onucanue

ParameterType Tun OnrtumanbpHO COOTBETCTBYET mapameTpy
HeusMeHsieMoil (yHKuuu. MoxeT ObITh JIUOO
TUIoM T, OO TUMOM const T&

isConst ByneBckas koHctaHta [lpuHumaeT 3HayeHue true, eciaum kigace T
SIBJIIETCS] KOHCTAHTHBIM TUIIOM

NonConstType Tun Vnanser kBanudukarop const y tuna T, eciu

isvolatile

NonvolatileType
NonQualifiedType

isStdunsignedInt

isstdsignedInt

isStdIntegral

isStdFloat

isStdArith

isStdFundamental

By)'[eBCKaH KOHCTaHTa

Tun

Tun

By)'[eBCKaH KOHCTaHTa

By)'[eBCKaH KOHCTaHTa

By)'[eBCKaH KOHCTaHTa

By)'[eBCKaH KOHCTaHTa

By)'[eBCKaH KOHCTaHTa

By)'[eBCKaH KOHCTaHTa

OH y HEro €CTb

I[MpyHumaeT 3HaueHWe true, eciaum Kiacc T
SIBIIETCS TUTIOM C KBaIM(UKATOPOM
volatile

VYnanser xBamudukatop volatile y tuma T,
€CJIM OH Y HEro ecTh

VYnanser kBanmudukaropsl const u volatile
y TUna T, €CJIU OHU y Hero ecTh

HpI/IHI/IMaeT 3HaueHue true, ecam kijacc T
SIBJISIETCSl OIHUM M3 CJIEAYIOIIMX YeThIpeX WH-
TerpaJIbHBIX 0€33HAKOBBIX TUIIOB (unsigned
char, unsigned short int, unsigned int
umu unsigned long int)

IMpuHUMaeT 3HavyeHUe true, ecau Kiacc T
SIBJIIETCSL OJHUM M3 CJICAYIOUIMX YEThIPeX WH-
TerpaJibHBIX TUIIOB cO 3HakKoM (signed char,
short int, signed int uim Tong int)

HpI/IHI/IMaeT 3HayeHue true, ecad kjiacc T
SIBJISIETCSI OOBIYHBIM 1IEJIOUMCIIEHHBIM TUIIOM

IMpuHuMaeT 3HayeHWe true, ecad Kiaacc T
SABJISIETCS] OOBIYHBIM THIIOM YHCEJI C IUIaBaIOHIefI
Toukoii (float, double wm Tong double)

[MpuanMaer 3HaueHwe true, ecom Kiacc T
SIBIISIETCS] CTAHAAPTHBIM apU(METUYECKUM TUTIOM
(LIeJTOYMCIIEHHBIM WY C TUIABAIOIIEH TOUKOI)

IMpuHumaer 3HaueHue true, ecnd kKiaace T
SIBJISIETCSI OCHOBHBIM THUIIOM (apr(bMeTHIECKIUM
w void)
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Cnucku Tunos

CIHUCKM THUIIOB TPEICTABJISAIOT CO0OM CPEeNCTBO [UII MaHWMITYJMPOBAHMS KOJIICKIIUSIMU
TumoB. [Ipy 3TOM K THUIIaM MOXHO IIPUMEHSTH BCE OCHOBHBIE OIEpaLii, IIPEIyCMOTPEHHBIE
IUTST OOBIYHBIX CITUCKOB.

B HexoTophIX 11a010HaX MPOSKTUPOBAHUST OMMCHIBAIOTCS KOJIIEKIIMM TUTIOB, Hal KOTOPBIMK
TIPOM3BOISTCS MAHMITYJISTIAW. DT TUTIBI JIMOO CBSI3aHBI MEXKIY COOOI OTHOIICHWEM HAacJeIoBa-
HUsI, JIMOO HE 3aBUCAT ApPYT OT Apyra. SIpKMMM TprMepaMu TaKUX I111a0JIOHOB TPOEKTUPOBAHUS
SIBJISIOTCA 111a0oHbI Abstract Factory u Visitor (Gamma et al., 1995). Mcnonb3yst Tpagu-
LIMOHHBIE METOIBI TIPOrPAMMMPOBAHUS, MAHUITYIMPOBATh KOJUIEKIIUSIMU THUTIOB MOXHO TOJIBKO C
MOMOILIbIO MOBTOPEHUSI. DTO MPUBOAUT K pa3AyBaHUIO Koia. MHOrue JIIoAd CUUTAIOT, YTO HU-
Yero JIydvilie TpuayMaTh Helb3st. OgHAaKo CITMCKM THUIIOB TTO3BOJITIOT aBTOMATU3WPOBATh 3allauM,
KOTOpbIE MPOrPAaMMUCTBI OOBIYHO PEIIAIOT C ITOMOIIBI0 MaKpocoB pemakTopa. CIMCKA THITOB
npuaatoT sA3bIKy C++ HeoObIYaliHyI0 MOIIIb, TTO3BOJISII CO3/IaBaTh HOBBIC, MHTEPECHbBIC UINOMBI.

B 3T0it T1aBe comepXKUTCS TOJTHOE OIMMCAaHWE BO3MOXKHOCTEH CITMCKOB THUIIOB B SI3BIKE
C++, a Takke TPUBOASITCS MHOTOUMCICHHBIE MPUMEPHI UX TIPUMEHEHUA. 31ech TpencTaB-
JieHa cieayrolnast nHdopMarms.

o KoHuenius cnMckoB TUIIOB.
e Croco0bl co3maHus u (I)YHKL[I/IOHI/IPOBaHI/IH CITMCKOB THUIIOB.
e Mertoabl 3(1)(1)CKTI/IBH01"O MaHUMITYJIMPpOBaHUA CIIMCKaMU THUITOB.

L HpI/IMeHCHI/Ie CITMCKOB TUIIOB M NpOorpaMMMUpOBaHUEC UIWMOM, INMOAACPKHUBACMBIX CITM-
CKaMHM THUIIOB.

B rmaBax 9—11 moka3aHO, KaK CIIMCKU TUIIOB MCIIOJIB3YIOTCS B KAYeCTBE TEXHOJIOTUU
MPOrpaMMUPOBAHUS.

3.1. 3ayeMmM HyYXHbI CTUCKU TUNOB

MHorma Hy>XKHO HaImMcaTh OMWH U TOT Xe KO IUTSI GOJIBIIIOr0 KOJTMYECTBAa PAa3HBIX THIIOB,
M 11aGJIOHBI TYT HUYEM HE MOTYT IMOMOYb. PaccMOTpuMM, Hampumep, peaau3anuio 1rabioHa
Abstract Factory (Gamma et al., 1995). Huxe npuBeneHo omnpeneieHUe BUPTYyaTbHOMN
byHKUMM [JIS1 KaXIO0ro TUIIA M3 HEKOTOPOTO HA0Opa, 3aJaHHOIO Ha STale IPOEKTUPOBAHUS.

class widgetFactory

{

public:
virtual window* Createwindow() = 0;
virtual Button* CreateButton() = 0;

virtual ScrollBar* CreateScr‘oﬂBar()

1



Ecnu xonuenuuto abcrpakTHOW (aOpUKu HEOOXOAMMO OOOOIIMTh U PeaiM30BaTh B BUIC
OMOJIMOTeKU, HYXKHO MPEAOCTaBUThL MOJb30BaTENI0 BO3MOXHOCTh cO3/aBaTh (habpuKU Mpo-
MU3BOJIbHBIX HAaOOPOB THUIIOB, a HE TOJLKO TUIOB Window, Button u ScrollBar. [llaGnoHbl
3TOW CIMOCOOHOCTBIO HE 00JIaaloT.

XoTs Ha TepBbIi B3I 111a0JI0H TTpoeKTupoBaHus Abstract Factory He rnpenocTas-
JISIeT IIMPOKUX BO3MOXKHOCTEN I abCTparupoBaHUsI U OOOOIIEHNsI, HEKOTOPblE MOMEHTbI
JIOCTOMHBI O0Jiee TIIyOOKOTro M3ydyeHUs .

1. Ecin BbI He MokeTe 00OOIIMTh OCHOBHYIO KOHIICTILIVIO, TO BpSI JIM BaM yaacTcs 0000-
IIUTb €€ KOHKPETHbII MpuMep. DTO OueHb BaKHBINA MPUHLMM. Eciu Hekasi CylllHOCTh He
JIOTycKaeT 0000ILEHNSI, TO MPOTPaMMUCT BbIHYXIAEH TMOCTOSIHHO MMETh JIEJI0 C KOHKpET-
HbIMM BOILUIOIIEHUSIMU 3TOM cylrHocTd. Hampumep, HECMOTpsl Ha TO, UTO aOCTPaKTHbBIM
0a30BbIil KJlacC aOCTpakTHOW haOpUKKU JOBOJILHO TIPOCT, TMPU peain3aliuy PasInIHbIX
KOHKPETHBIX (habpuK MPUXOMUTCS MpuOerath K MHOIOKPaTHOMY TOBTOPEHUIO OJHOIO U
TOTO e KOJa.

2. OyHKIUIMU-YICHAMH KJlacca WidgetFactory HEBO3MOXHO CBOOOTHO MaHMITYJIMPO-
BaTh (CM. MpUBEAEHHbINH Bbllle Kom). HaGop curHatyp BUPTYyaJbHbIX (GYHKIMI B
MPUHIIMIIE HEBO3MOXHO ciejiaThb 0000IIeHHBIM. B KkadyecTBe mpumepa paccMOTpUM
CJIEYIOLINIA KOJI.

template <class T>
T* MakeRedwidget(widgetFactory& factory)

{
T* pw = factory.CreateT(); // HeBO3MOXHO!!!
pw->SetColor (RED) ;
return pw;

}

HyxHo BbIZBaTh QyHKIMU Createwindow, CreateButton wiu CreateScrollBar, B
3aBUCMMOCTH OT TOTO, YTO MpEACTaBIsieT coboil Kiacc T — kjacc Window, Button
wi Scrol1Bar coorBeTcTBeHHO. B s3bike C++ HEBO3MOXHO JOOUTHCS TaKOW TOM-
CTAaHOBKM TEKCTa.

3. U mocnenHee (1o MOpsiAKY, HO He MO BAXKHOCTU) — OMOJMOTEKU TOJBKO BBIMTPAIU OT
TOTO, YTO MPEKPATUINCh OECKOHEUHBbIE€ MUCKYCCUU O COIJIALIEHUSIX, MPUHUMAEMbIX
IJIs1 3arucu MMeH (createwindow, create_window win Createwindow), U ToMy To-
MOOHBIX MeJioyax. B 6uOiauoTekax peaJuM3oBaH JIETKMIA M CTaHIAPTHBIA CroOco0 Mpu-
HSITUSI TIOMOOHBIX pellleHuii. AGCTpakTHbIe (PadpUKKU Takke AOIKHBI ObUIM Obl MMETh
TaKyl0 BO3MOXHOCTb.

HMTtak, moapITOXXUM Halllv MmoxeaaHus. YTo kacaeTcs m. 1, 6610 OBl MPEeKpPacHO, €CIU Obl
MBI CMOIJIM CO3[aBaTh OOBEKTHI Kjacca WidgetFactory, mepemaBasl CIKICOK ITapaMETpPOB
11abJJOHHOMY KJlaccy AbstractFactory.

typedef AbstractFactory<window, Button, ScrollBar> widgetFactory;
M3 n. 2 caeayer, 4To HaM HEOOXOAMM IAOJOHHBINA BBI3OB IS pa3HbIX (PYHKIMI BUAa

CreateXxx, HampuMep, Create<window>(), Create<Button>() u T.n. Torma MBI cMOTIX
Obl BbI3bIBATh 3T (QYHKLIMHU C MOMOIIbIO 0000IIEHHOTO KOAa.

template <class T>
T* MakeRedwidget(widgetFactory& factory)

{
T* pw = factory.Create<T>(); // BOT 3TO npekpacHo!
pw->SetColor (RED);
return pw;

3
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OnHaKo MBI HE MOXEM peajn30BaTh 3TU IOXendaHus. Bo-mepBbix, omepartop typedef
Ut Kimacca WidgetFactory NpPUMEHHTb HEBO3MOXHO, ITOCKOJBKY IIa0JOHBI HE MOTYT
MMETh IIEPEMEHHOEC KOJIMYECTBO IapaMeTpoB. Bo-BTOpPBIX, IIAOJOHHBIA CHHTAKCHC Cre-
ate<Xxxx>() HEIOIYCTUM, TaK KaK BUPTYyaJbHbIe (DYHKIIUM HE MOTYT OBITH IA0JOHHBIMH.

Mrak, O4eBUAHO, YTO MPaBUJa SI3bIKA IIPOrPAMMUPOBAHHUS HE IO3BOJSIOT JOCTHYDb BBI-
COKOTO YPOBHS aOCTpaKIMU M BO3MOKXHOCTE! TOBTOPHOTO MCIIOJIh30BAHUS KOJA.

CIUCKH TUIIOB ITO3BOJISIIOT CHSITh 3T OrPAHMYEHMSI U CO3[aTh HE TOJBKO OOOOIIECHHEBIC
abcTpakTHbIE (abpUKK, HO U Pealn30BaTh MHOIO APYTMX LIAOJOHOB MPOEKTUPOBAHUSI.

3.2. OnpepeneHne CNUCKOB TUMNOB

IMo pasHbiM mpuuMHaM 36Kk C++ MHOrIA MO3BOJSIET MPOrPAMMUCTY CKasaTh: “BTO
JIy4IlIe TISITh CTPOK KOIa, KOTOphIe s Korma-anbo Hamucan!”. Bo3MOXHO, 3TO CBSI3aHO C
CEMaHTUYECKMM OOraTCTBOM B3TOTO SI3bIKA WJIM C HEOOBIYHOCTBIO €ro cBOMCTB. [1o 3T0i1 Tpa-
IULWY CIIMCKY TUIIOB BBIJISIASIT KpaiiHe IPOCTO.

template <class T, class U>
struct Typelist

typedef T head;
typedef U Tail;

)
namespace TL

{
}

Bce, uTo OTHOCHUTCS K CIMCKaM THUIIOB, 3a MCKJIIOUEHUEM OMpeIesIeHUs] caMoro Kjiacca
Typelist, mpeObIBaeT B MPOCTpPaHCTBE UMEH TL. B cBow ouepenb, mpocTpaHcTBO MMeH TL
HaXOAUTCS BHYTPU MPOCTpPaHCTBA MMeH Loki, KakK M BeCb KO 3Toil Oubanoreku. s Toro
YTOOBI YIIPOCTUTH MPUMEPHI, B 3TOI IJIaBe YIIOMUHAHMSI TTPOCTPAHCTBA UMEH TL MPOITyIie-
Hbl. YuTarenao cieayeT MOMHMTb 3TO, UCIIOJbL3YSl 3arojloBouHbIi (aitn Typelist.h. (Ecau
BbI 3a0y/JeTe, KOMIUJISTOP BaM HAarioMHUT!)

Knacc Typelist comepxut asa Tuma. JocTym K HUM obOecriedyMBaeTcsi BHYTPEHHUMU
nmeHamu Head u Tail. Bor umeHnHo! Ham He HyXHBI CMCKM TUIIOB, coaepKallue TpU U
0oJIbllIe 2JIEMEHTOB, MOCKOJbKY OHM Y Hac yXe ecTb. Hampumep, paccCMOTpUM CIUCOK TU-
OB, COCTOSIIMI U3 TPEX BapMaHTOB TuMa char.

anropuTMbl pa6OTH CO CnucKamum TUNOB

typedef Typelist<char, Typelist<signed char, unsigned char> >
CharList;
(ObpaTtuTe BHMMaHUe Ha pa3apaxaroliuii, HO HEOOXOMUMBbIH MPoOdesa MeXay ABYMsI rpaMMma-
TUYECKUMU Jiekcemamu (token) > B KOHIIE CTPOKH.)

CHnUCKY TUIOB HE CoiepKaT HMKAKUX 3HauyeHWi. WX Teja MycThl, OHM HEe MMEIOT HUKa-
KOTO COCTOSIHUSI U HE OIPENessIIoT HUKAKUX (PYHKIIMOHAJIbHBIX BO3MOXHOCTeil. Bo Bpems
BBITIOJTHEHUSI MPOrpaMMbl CIIMCKM TUIIOB HE COAEpXKaT BOOOIEe HUKAKMX 3HaueHuii. Mx
€IMHCTBEHHOE TIpeAHa3HaueHue — MPeaoCTaBisITh uH(opmanuio o tTunax. CienoBaTesibHO,
Job6asg o6paboTKa CMMCKOB TUIIOB BO3MOXHA JIMIIIb HAa 3Tare KOMIWISLWK, a HE B XOmIe
BBITIOJHEHUS TIporpaMMbl. CIIUCKM TUIOB He MpelHa3HAaYeHbI UIS1 CO3AaHUsI OObEKTOB, XOTS
B UX CO3MaHMM HET HMYETO OmacHoro. TakuMm oOpa3oM, TEpMUH “CIIHMCOK TUIIOB” O3HAYaeT
TUI CIMCKa, a He ero 3HaueHue. 3HAYeHUsI CIIUCKOB TUIIOB HE MPEICTaBJSIOT HUKAKOrO MH-
tepeca. Ha mpaktuke mpumeHsitoTcsi Toiibko ux Tumbl. (B pasgene 3.13.2 mokaszaHo, Kak
CITUCKY TUIIOB MOXHO MCIOJb30BaTh JUISI CO3AaHMS KOJJICKIIMI 3HAUCHUIA. )
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3mech UCIONB3YeTCsl OdHA OCOOEHHOCTh, COCTOSINAs B TOM, YTO IIAOJOHHBIN Tapamerp
MOXET MMEeTb JIIoOOH THUM U ObITh KOHKPETU3allMell CBOEro COOCTBEHHOrO IIadyioHa. DTo
CTapoe, XOPOIIO M3BECTHOE CBOMCTBO IIAOJOHOB, KOTOPOE YaCTO MPUMEHSIETCS TIPM CO31a-
HUM TaKMX CIIEIMAJIbHBIX MaTpHIl, KaKk vector< vector<double> >. IlockojbKy Kiacc
Typelist uMeeT aBa mapaMmeTpa, ero BCerga MOXKHO pacUIMpUThb, 3aMEHUB OJIWH W3 TMapa-
METPOB IPYrUM KJlaccoM Typelist, U Tak 10 OECKOHEYHOCTH.

OpHako CyliecTByeT ofaHa HeOoJblnas mpooseMa. [Toka MbI MOXeM co3faBaTh CITMCKH,
COCTOSILLIME M3 HECKOJbKUX TUIOB, HO y HAC HET MHCTPyMEHTA IUIsl OMUCAaHUsI CIIUMCKOB, HE
colepXalluX HUKAaKUX TUTIOB WJIM COAEpPKAIIUX TOJbKO OOWH TUM. IIIsT 3TOro HEoOXOmuM
Hynesoii mun cnucka (null list type) u knacc Nul1Type, onucaHHBI B TJaBe 2, TpeaHa3Ha-
YeH UMEHHO IIJIST 3TOTO.

ITpumem cornailieHue, YTO KaXAbI CHHCOK THUIIOB MOJKEH 3aKaHYMBAThCSl KJIACCOM
Null1Type, cirykaliuM MapKepoM KoHIIa ciiucka. OH HallOMMHAEeT TPamuIIMOHHBINA HyJIeBOI
Gaiit “\0”, KOTOpBIi NpUMeHsieTCs I 0003HauYeHUsl KoHLa cTpoK B si3bike C. Temepb
MOXHO JIaTh OTpeneieHre Kiacca Typelist, COCTOSIIIETO JTUITb U3 OMHOTO 3JIEMEHTA.

// onpepeneHne knacca NullType paHo B rnase 2
typedef Typelist<int, NullType> OneTypeOnly;

Ornpenenenune knacca Typelist, COCTOSILErO U3 TPeX TUIOB char, MpUHUMAET CIEAYIOLIVIA BUI.

typedef Typelist<char, Typelist<signed char,
Typelist<unsigned char, NullType> > > AllcCharTypes;
CrnenoBaTeIbHO, MBI MOJIYYWIN IIa0JIOH HEOrpaHMYEHHOrO CIIMCKa TUIIOB Typelist, KoTo-
PBIA MOXET comepKaTh J1000€ UX KOJUYECTBO.

[TocMoTpuM Termeph, KaK MOXHO MaHUMIYJIUpoBaTh crrckamu TumoB. (Kak m mpexne,
3TO OTHOCHUTCS K TUIlaM Typelist, a He K oObekTam Tumna Typelist.) IIpuroroBbrech K
npukmodyeHusIM. C 3TOro MOMEHTa MBI IIOTpy:KaemMcs B Ioa3eMenbe s3pika C++, mup
CTPaHHBIX HOBBIX MPaBWJI — MHUP CTaTUYECKOIO IPOrpaMMUPOBAHMSI.

3.3. JIuHeapu3auuna co3paHus CrIMCKOB TUMNOB

CaMu 1o cebe CMUCKM TUIIOB CIMIIKOM HAllOMMHAIOT KOHCTpYKIMIO u3 s3bika LISP,
MO3TOMY WX HEJIErKO MCIOJb30BaTh. Takue KOHCTPYKIIMA OYE€Hb HPABATCS MPOrpaMMHUCTam
Ha s13bike LISP, HO oHM He odeHb xopollo coracytoTcs ¢ si3bikom C++ (He roBopsi yxke o
npobeax Mexay CUMBOJAaMU >, KOTOpble HeJib3sl 3a0bIBaTh). HampumMep, BOT Kak BbITJISIAMT
CITUCOK 1IeJIOYMCITIEHHBIX TUTIOB.

typedef Typelist<signed char,

Typelist<short int,
Typelist<int, Typelist<long int, NullType> > > >
SignedIntegrals;
Crnucku TUIOB ObUTM OBl MPEBOCXOAHON KOHIIEMIME, HO OHM SIBHO HYXAAlOTCsl B Oosee
MPUBJIEKATEbHOUN yIIaKOBKE.

st TOro 4toObl YIPOCTUTH MPOLIEAYPY CO3AaHUSI CIIMCKOB TUMOB, B (aiiie Typelist.h
n3 6ubnuorexkun Loki ompeneseHo GoJbllioe KOJIMYECTBO MaKpOCOB, MPeoOpasylolnX peKyp-
CHIO B IIPOCTOE TMeEpeurciaeHre, Mpasaa, 3a c4eT YTOMUTEIbHbIX MOBTOpeHUi. OQHaKO 3TO —
He npoGsieMa. [ToBTOpeHUe BBITTONHSIETCS] TOJIBKO OAMH pa3, B OMOIMOTEYHOM Kolie. DTO Mo-
3BOJISIET MacCIITaOMpPOBaTh CIMCKU TUIOB JJis1 OOJbIIOr0 KojuuyecTBa ajieMeHTOB (50). Tu-
MUYHBIA MaKpOC BBINJISIAUT CAEMYIOIIUM 00pa3oM.

#define TYPELIST_1(T1) Typelist<Tl, NullType>
#define TYPELIST_2(T1l, T2) Typelist<Tl, TYPELIST_1(T2) >

74 YacTb |. MeToab!



#define TYPELIST_3(T1l, T2, T3) Typelist<Tl, TYPELIST_2(T2, T3) >
#define TYPELIST_4(T1l, T2, T3, T4) \
Typelist<Tl, Typelist_3(T2, T3, T4) >

#define TYPELIST_50(...)

Kaxaplii Makpoc Mcnoib3yeT MpeablAyLrii, YTO TO3BOJISIET MOJb30BaTENI0 OUOIUOTEKU TTPU
HEOOXOAUMOCTH JIETKO YBEJIMUMBATh BEPXHUI TIpenes.

Teneps MOXHO copMyIMpoBaTh 6ojiee yIOOHOE ONMpeeieHUE CIUCKA LEI0YMCIEHHBIX
TUTIOB SignedIntegrals.

typedef TYPELIST_4(signed char, short int, int, Tong int)

SignedIntegrals;

JIvHeapuzalusi co3naHus CMMCKOB TUTIOB — BCETO JIMLLb Hayajlo. MaHUIYJISIUMUA CO CITUCKA-
MU THUIIOB BCE €lle HeynoOHbI. Harmpumep, AOCTYIT K MOCIeAHEMY 3JIEMEHTY crucka SignedIn-
tegral BBIHYXIAeT MCIOIb30BaTh KOHCTPYKLIMIO SignedIntegrals::Tail::Tail::Head. He
BIIOJIHE MOHSITHO, KaK Mbl CMOXEM MAaHMIYJIMPOBaTh CIMCKAMU TUITOB B OOOOILIEHHOM BHIE.
Hrak, npuiiuio Bpemsi onpenesiuTh OCHOBHBIE OMepaliui Hall CMUCKAMU TUTIOB B TEPMUHAX BJie-
MEHTApHBIX OIepalvii Hal CIIMCKAMU 3HAYEHUIA.

3.4. BbluncneHue AsiviHbl cnuckKa

Paccmotpum mpocTyto omepanuio. 3ajaH CMMCOK TUMOB TList. Ha atane KoMmusiuuu
HY>XHO TIOJIYYUTh KOHCTAHTY, PaBHYIO €r0 JJIMHE. DTa KOHCTaHTa JO/DKHA OBITh CTaTUYECKOUN
(compile-time), MOCKOJbKY CIUCOK TUIIOB SIBJSIETCSl CTATUYECKOW KOHCTPYKLIMEH, U ecTecT-
BEHHO OXWJIaTh, UYTO BCE BBIYMCJICHUSI, OTHOCSILMECS K HEMY, BBITIOJIHSIOTCS UMEHHO Ha 3Ta-
e KOMIWISILIUY.

Hnes, nexaiass B ocHOBE OOJBIIMHCTBA OMEpalvMii Hall CUCKAMU TUIIOB, 3aKJIIOUaeTCst
B NMPUMEHEHUMU PEKYPCHUBHBIX 1IA0JIOHOB, MCIOJIB3YIOLIUX UISi CBOETO OMNpEeNeseHUsl cobCT-
BeHHbIe KOHKpeTu3auuu. [Ipy 3TOM Takue 11aGJOHBI MepenaloT pasHble CIUCKU 111abIOH-
HbIX apryMeHTOB. Pexypcus, mojsydyeHHas TaKUM CIOCOOOM, 3aKaHUMBAeTCs SIBHOM crielua-
Jiu3aiment npeaesibHoro BapuaHTta (border case).

Kon, BBIMUCISIOIIMEI JIMHY CIMCKA TUIIOB, JOBOJIBHO JJAKOHUYEH.

template <class TList> struct Length;
template <> struct Length<NullType>

{
enum { value = 0 };
1
template <class T, class U>
struct Length< Typelist<T, U> >

¢ enum { value = 1 + Length<U>::value };

};
B nmepeBone Ha 4enoBeuecKUil S3bIK, 3TO O3HauyaeT: “/IJIMHa HYJIEBOro Crnucka TUMOB paBHa
0. JnuHa n10060ro Apyroro Crnvcka TUMOB paBHa | MUIIOC IJIMHA €ro OCTaBIIECs YacTu”.

Peanuzaiust cTpykTypsl Length ucCrons3yeT wacmuuHyto cheyuarusayuio wiabaona (riasa 2),
MO3BOJISIIOLIYIO pa3inyaTh HYJIE€BOM TUM M CHUCOK TUMOB. [lepBasi crnenmanuzauus CTPyKTypbl
Length sBiIsIeTCS TIOJIHOM U COOTBETCTBYET TOJIbKO Ty NullType. Bropasi, yactnynasi, crietma-
JIM3alMsT COOTBETCTBYET JItOOOMY Kitaccy Typelist<T, U>, BKJIIOYasi COCTaBHbIE CITUCKU, B KOTO-
PBIX KJ1acc U, B CBOIO OYepellb, SIBISIETCS KlaccoM Typelist<v, W>.

Bo BTOpOJ#i cneuuanu3alMi BbIYUCIEHUS TPOBOASTCS peKypcMBHO. BennunHa value B
Helt ompenessieTcss Kak 1 (C y4eToM ToJIoBbI CIMCKa T) TUTIOC JJTMHA XBocTa cnicka. Korma B
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XBOCTE CIIMCKa OCTaeTCsl eIMHCTBEHHBIN Kiacc NullType, oOHapy:XmBaeTcsl COBIIAICHUE C
MEepPBbIM OMNpeaeIeHUEeM, U PEKYPCUSI OCTaHaBIMBaeTCs. B pe3ynbTare BbIYMCISCTCS BEIUYM-
Ha, paBHas1 IJIWHE cImcka. omyctum, Hampumep, 4TO HaM HYXXHO OIPEACIUTh MAacCUB B
ctuie s3plka C, B KOTOPOM COJEpXKarcs yKa3aTeJM Ha OObeKThl Kiacca std::type_info
IIJIT BCeX IEJIOYMCICHHBIX TUIIOB CO 3HakKoM. Mcmonb3ys cTpykTypy Length, MOXHO HaIm-
caTh CJIEIYIOIIUI KO/I.

std::type_info* intsRtti[Length<SignedIntegrals>::value];

Bo Bpems BbIMMCICHMII HA 3Talle KOMIIWISILAM B THaMSTH OYyAyT pa3MeIleHbI 4YeTBIpE
3JeMeHTa MaccuBa intsRttil.

3.5. UHTepmeuuo

BriepBoie mpobGsiiema 11abJOHHBIX MeTarporpaMm obOcyxkaanach B cratee Veldhuizen
(1995). 3atem aTa Tema riyboko m3dydanach B pabote Czarnecki and Eisenecker (2000), ko-
Topas cozuepxKajia TOJHYI0 KOJJICKIINI0 UMUTAIIMI BBITIOJIHEHUS oIepaTopoB sidbika C++ Ha
aTane KOMIMWISILIMU TTPOrpaMMbl.

Nnest u peanusanysi CTpyKTyphl Length HalTOMUHAIOT KJIAaCCUYECKUI TTPUMep PEKYpPCUU:
JITOPUTM, BBIYMCIISIIOIIMEA JJIMHY OMHOCBSI3HOTO crucKa CTpyKTyp. (OmHaKo ecThb NiBa cyle-
CTBEHHBIX OTJIMYMS: aJITOPUTM TSI CTPYKTYPHI Length BBITIOMHSETCS Ha 3Tarie KOMITWIISIIUN
Y TIpUMEHSIETCS K TUMaM, a He K 3HAUEHUSIM. )

BosHuKaeT BOIMpOC: MOXHO JIM pa3paboTaTh UTEPATUBHBIN, a HE PEKYPCUBHBIN BapuaHT
cTpykTypbl Length? IlomuMmo Bcero mpouyero, uTepaiivsi Oojiee ecTecTBEHHa Uil sI3bIKa
C++, yem pekypcusa. OTBeT Ha 3TOT BONPOC TMPUBEACT HAC K peajn3allMu APYTMX (yHK-
LIMOHAJIbLHBIX BO3MOXHOCTEN Kiacca Typelist.

OTBeT OKa3ajics OTpUIATEIbHBIM 110 BeCbMa MHTEPECHOM TTpUInHE.

CpeactBa sizpika C++, mpeaHasHaueHHbIE JJIs1 CTaTUYECKOTrO MpOrpaMMUpOBAHUSI, CO-
CTOSIT M3 1Ia0JOHOB, IIEJOYMCICHHBIX BBHIUMCICHUM Ha 3Tare KOMIWISIUKM U OTpeneIeHU
turoB (onepatopsl typedef). [locMoTpuM, Kak paboTaeT KaXAablid U3 3TUX UHCTPYMEHTOB.

[11a6moHbI — TOYHEe, CrelUaN3aly 1abJIOHOB — TIPEICTABISIIOT CO00I SKBUBAJICHT OIIe-
paropoB if Ha 3tane Kommwasauuu. Kak MBI yXe BUIEIM Ha TIpUMEpPe pealv3allii CTPYKTYPhI
Length, crienuanu3zaius 11abjJoHa Mo3BojisieT OTJIMYaTh CIIUCKU TUIIOB OT IPYTvX TUIIOB.

LemouncieHHbIe BBIYMCICHUS — 3TO HACTOSIIINE BBIYMCICHUS, TIO3BOJISIONINE TIEPEUTH
OT TUIIOB K 3HavyeHUsiM. OmHAKO 3/1eCh €CTh OJHAa OCOOCHHOCTh: BCE 3HAUEHMS Ha ITarie
KOMITWISILMU SIBISIIOTCS  HeusmeHsembimy (immutable). OmpeneiuB 1LIEJIOYMCICHHYIO KOH-
CTaHTYy, CKaxeM, MepeunciIMMOoe 3HaAUeHUE, TTPOrPaMMUCT HE MOXKET €ro B JaJbHEHIIEM 13-
MEHSTh (Hanmpumep, MPUCBaMBaTh OJHO 3HAYEHUE JPYTOMY).

OrnpeneneHust TUIIOB (orepaTopsl typedef) MOTyT paccMaTpuBaThcsl Kak BBeJACHUE KOH-
CTaHT, 3ajalouiuX WMsl Tuna. M BHOBb IOCje OMNpeneeHusl Bce 3TH MMEHA OKa3bIBalOTCS
3a(UKCUPOBAaHHBIMA — B JaJIbHEUIIIEM TepeonpeaeiuTbh CUMBOJI, BBEICHHBIN OIEepaTOpOM
typedef, HEBO3MOXHO.

DT 1B OCOOEHHOCTU BbIUMCICHUI Ha 3Tane KOMOWISILUM IeJal0T UX MTPUHLMITUATbLHO
HECOBMECTUMBIMU C UTepalusMu. Bo BpeMsl uTepalvii BEIUMCIISETCS 3HAUEHWE UTEeparopa,
MPUYEM OHO MOXET M3MEHSITbCsS MPU BBIMOJHEHUM HEKOTOPbIX YCIoBUii. TTocKonbKy Ha
aTare KOMITWJISAIUN TTIePEMEHHBIX CYITHOCTE HET, BBITTOJHATh MUTEpalluM COBEPIICHHO He-

1 OTOT MacCUB MOXHO WHULMAJIU3UPOBATh, HE r[pI/I6era;1 K ITOBTOPCHUIO Kona. HpeunaraeM yuTa-
TCJIIO PELIUTD ITY 3aladyy CaMOCTOATEIbHO.
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Bo3MOXxHO. CneioBaresibHO, XOTs 13bIK C++ B OCHOBHOM SIBJISIETCS MMIIEPATUBHBIM, JIIOObIE
BBIUMCIEHMS] HAa 3Tare KOMMWISIUUM JIOJKHBI OMUPAaThCsl Ha METOMAbl, XapaKTepHbIE s
yrucTO (DYHKIMOHAIBHBIX SI3bIKOB, KOTOPBIE OTJIUYAIOTCS T€M, YTO HE MOTYT U3MEHSTh 3Ha-
yeHus. Mrtak, 6e3 peKypcuu He 00OUTUCEH.

3.6. UHaeKkcupoBaHHbI AOCTYnN

K smemeHTaM crmcka THUIOB 3KeJaTeIbHO MMETh MHIASKCHUPOBAHHBIN JOCTYII. DTO MO3BO-
JIMT OPraHM30BaTh JUHEUHBIA TOCTYN K 3J€MEHTaM, YIpollas MaHUMNYJISILUMUA CO CHMCKaMM.
PazymeeTcs1, Kak 1 BCe OCTaJIbHBIC CYIITHOCTHM, C KOTOPBIMU MBI paboTaeM, MHIOEKC HOJDKEH
OBITh CTaTUYECKOU BEJTUYMHOM.

OObsBIIeHNE 11A0JI0OHA [IJI1 MHACKCUPOBAHHOM OIEpalliy MOXET BBHITJISACTh CICHYIOIINM
o0pazoMm.

template <class TList, unsigned int index> struct TypeAt;

HepefmeM K OnIp€acICHUIO aJirOprUT™Ma. CJIGIIYCT UMETH B By, YTO MCIIOJIb30BATh U3MC-
HACMBIC 3HAUYCHUA HEJIb34.

TypeAt
Bxoonwvie dannvie: cnucox tunos TList, uHAEKC i
Pesyavbmam: BrytpenHunit Tunm Result

Ecnu criucok TList He MyCT M MHAEKC i paBeH HYIIO,
TO KJacc Result — 3To royioBa crmcka TList.
HNnaue,
€CJIM CIUCOK TLisSt He MyCT U MHAEKC i He paBeH HYIIIO,
TO KJjlacc Result mojyvyaeTcsl myTeM MPpUMEHEHUs aJropuTtMa TypeAt
K XBOCTY CIMCKa TList 1 uHaekcy i-1.
MHade miporcxXomuT BBIXOM 3a MPeae/Ibl JOIYCTUMOTO JMalta30Ha M3MEHEHMST MHOCKCA,
KOTOPBI MOPOXIAET COOOLIEHNE 00 OlIMOKEe Ha 3Tare KOMITWISLINY.

Hike mpuBeneHo BOTUIOIIEHNE aJlrOpUTMa TypeAt Ha si3bike C++.

template <class Head, class Tail>
struct TypeAt<Typelist<Head, Tail>, 0>

typedef Head Result;

)
template <class Head, class Tail, unsigned int i>
struct TypeAt<Typelist<Head, Tail>, 1i>

typedef typename TypeAt<Tail, i-1>::Result Result;
;

Ecnu BbI mIonpoOyeTe BBIMTH 3a TIpeAesibl JOMYCTUMOrO Auara3oHa U3MEHEeHUs] MHIeKCa,
KOMIIUJISITOP COOOLIMT, YTO crieluaiu3aiuu TypeAt<NullType, x> He cylliecTByeT. 3aech
CHMBOJI X O3HAUaeT BEJIMYMHY, HA KOTOPYIO BbI MPEBBICWJIM pa3Mep CIUcKa. DTO COOOIIEHUE
MorJIO Obl OBITH O0JIce MH(GOPMATUBHBIM, HO COMAET U TaK.

B oubnuoreke Loki (daitn Typelist.h) ompeneneH BapuaHT CTPYKTYpbl TypeAt Mo
Ha3zBaHUEeM TypeAtNonStrict. DTa CTpyKTypa peajiM3yeT HEKOTOpble (YHKIIMOHAIbHBIE
BO3MOXHOCTHU CTPYKTYpbl TypeAt ¢ TOU JWIllb Pa3HUIIEH, YTO BBIXOA 3a TPEAEJIbl JOMYyCTH-
MOIO Juana3oHa U3MEHEHMSI MHIEKCOB B HEW 3alpelleH MEHEeEe CTPOro M MPUBOIUT HE K
TMOPOXIEHUIO COOOIIEHUsI 00 olIMOKe Ha 3Tare KOMMWISIIMUA, a K Bblauye B KauyecTBE pe-
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3yJbTaTa TUIIA, 3aJaHHOTO TOJb30BaTeseM To yMoiuaHuioo. CTpykTypa TypeAtNonStrict
HCTIOJIb3yeTCs B 000OILEHHON peayin3allii 0OpaTHOTO BbI30BA, ONMKMCAHHON B IjaBe 5.

BpeMsi MHIEKCHMpPOBAaHHOTO IOCTyINa K 3JIeMEHTaM CIMCKA THUIIOB TIPSMO TPOTOPIMO-
HaJIbHO pa3Mmepy crnucka. JIjisi crucka 3HaYeHUi 3TOT MeToa HeaddheKThBeH (1o 3TOoi Mpu-
yrHe B Kjacce std::Tist He ompeaeneHa yHkuus operator[]). OmHako A CIUCKOB
THUIIOB BpEMsI TPATUTCS Ha DTalle KOMITWISALMKA M €r0 00beM He MMeET OOJIbILIOrO 3HAYEHM.?

3.7. NMouck anemeHTa

Kak nHaiit Hy>HbII TUN B criucke TunoB? [lompoOyem peanuzoBaTh ajiroput™ Indexof,
BBIUMCJISIIONIMA MHAEKC TUIA B criMcke. Eciy TUMN He HaiiieH, pe3yJbTaToM OyaeT HEeKOTO-
poe uKcMpoBaHHOE YMCIO, Harpumep —1. DTOT aNropuT™M MpeacTaBisieT co0oil Kiaccuye-
CKYIO PEKYPCUBHYIO peali3aluio JUHEHHOIO TTOUCKA.

IndexOF
Bxoonwvie dannvie: cnucox tunos TList, Tum T
Pesyabmam: BHyTpeHHss cTaTMueckash KOHCTaHTa value

Ecnu cniucok TList cocTouT U3 eIMHCTBEHHOTO Tuma NullType,
TO 3HauyeHHe value paBHO —1.
HMuaue, ecnu B rosioBe cnmcka TL1ist HaXoauTcst TAM T,
TO 3HaueHue value pasHo 0.
Hnuaue
BBIUMCIIUTD Pe3y/IbTaT anroputMa Indexof, MpUMeHsisi ero K XBOCTY CIMCKa
TList u Tumny T, U TIPUCBOUTH €TO MEPEeMEHHON temp.
Ecnu 3HaueHue temp paBHO -1, To 3HaueHUe value paBHO -1.
Muaue 3HaueHue value paBHO 1 muioc temp.

Anroput™ IndexOf oTHocuTenbHO TpocT. Ocoboe BHUMaHME yaessaeTcs Tepenavye 3Ha-
yeHue value (“Tum He HaligeH”) B KayecTBe pesysabrata. HeoOxomuMo Tpu creliaamsa-
MM — TI0 OJHOM Ha KaXaylo BeTBb ajroputMa. [lociemHsiss BETBb aJirOpuTMa (BBIUMCICHUE
3HaYeHMs value B 3aBUCMMOCTH OT 3HAYCHMS temp) TpPEACTaBIsIeT COOOM OMepalio Hai
YUCTaMU W BBHITIOJHSIETCS C TIOMOIIBIO YCJIOBHOTO orepatopa ?:. Hike mpuBoauTcs: peanu-
3a1s aJropuT™a.

template <class TList, class T> struct Indexof;

template <class T>
struct IndexOF<NullType, T>

{
enum { value = -1 };

1

template <class T, class Tail>
struct IndexOf<Typelist<T, Tail>, T>

{

2 Ha camoM zenie TIpU pa3paGoTKe GOJBLINX MPOEKTOB 3TO HE COBCEM TaK. BO3MOXHA cHTyalus,
10 KpaifHel Mepe TeOpPEeTHMUYESCKHU, KOTIa CJAOXKHBIE MaHUIYJISIIMKA CO CITMCKAMU THUITOB CMOTYT CYIIECT-
BEHHO 3aMETUTh KOMITHJISILIMIO MPOrpaMMbl. B moGoM citydyae mporpamma, coaepkaiiasi O4eHb JTHH-
HBII CITUCOK TUIIOB, JTMOO OYCHB JOJITO BBITIOTHSICTCS (M TOTAA JIyYIle CMUPHUTBCS C JOJTOM KOMITHJISI-
LMei), TMOO SIBISIETCS CIUIIKOM CJIOXHOM (M Torma ee clienyeT pa3paboTaTb 3aHOBO).
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enum{ value = 0 };

1

template <class Head, class Tail, class T>
struct IndexOf<Typelist<Head, Tail>, T>

{
private:

enum { temp = IndexOf<Tail, T>::value };
public:

enum { value = temp == -1 ? -1 : 1 + temp };
};

3.8. No6GaBneHue afneMeHTa

Ham HY>KHO MMCTb BO3MOKHOCTb IO0ABISITH B CIIMCOK THUIIOB HOBBIM THUI WMJIM CITMCOK

tunos. IlockonbKy MonuduKanus crucka TUIIOB HEBO3MOXHA, Oy/leM BBIIOJHATL “BO3BpaT
O 3HAYEHUIO”, CO3/1aBasi HOBBII CIIMCOK THUIIOB, COLEPXAIINNA PE3YJIbTaT.

Append
Bxoonvle danubie: cnvcox TumoB TList, TMN WIM COMCOK TUIIOB T
Pe3zyabmam: onpenenenue BHyTpeHHero tima Result

Ecnu cniucok TList cOCTOUT U3 eAMHCTBEHHOTO TUMa NullType
¥ nmapaMmeTp T siBisieTcss TunoM NullType,
TO KJ1acc Result gsisiercsa TunoM NullType.
Mnaue, ecim ciucok TLiSt COCTOUT M3 eAUHCTBEHHOro Tumna NullType
¥ mapaMmeTp T SIBJISICTCSI OTAEIBbHBEIM TUIIOM (2 HE CIIMCKOM THIIOB),
TO KJ1acc Result SIBISIETCS CIMCKOM, COCTOSILIMM U3 €IMHCTBEHHOTrO 3JIeMeHTa T.
WNHaue, eciu ciucok TLiSt COCTOUT U3 eAUHCTBEHHOro Tuma NullType
¥ mapaMmeTp T SIBJISIETCSI CITMCKOM THIIOB,
TO KJacc Result SIBJEeTCS TUIIOM T.
WMHuayve, ecim circok TList HE COCTOUT M3 €IMHCTBEHHOro Tuma NullType,
TO KJacc Result SIBISIETCSI CIIMCKOM THUIIOB, TOJIOBOI KOTOPOTO SIBIISICTCSI
TUIT TLiSt: :Head, a XBOCTOM — pe3yJIbTaT 100aBJICHUsI CITUCKA T K 3JIEMEHTY
TList::Tail B KayecTBe XBOCTA.

DTOT aJITOPUTM €CTECTBEHHO BbIpaXkaeTcs CICAYIOIIUM KOIOM.
template <class TList, class T> struct Append;

template <> struct Append<NullType, NullType>

typedef NullType Result;

template <class T> struct Append<NullType, T>

typedef TYPELIST_1(T) Result;

template <class Head, class Tail>
struct Append<NullType, Typelist<Head, Tail> >

typedef Typelist<Head, Tail> Result;
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template <class Head, class Tail, class T>
struct Append<Typelist<Head, Tail>, T>

typedef Typelist<Head,
typename Append<Tail, T>::Result>
Result;

1

OOpaTuTe BHUMaHME Ha TO, KakK IOCJEAHSISI YACTUYHO CHELMAJIM3UPOBaHHAsI BEpCUS
CTPYKTYpBI Append peKypCMBHO KOHKPETHU3UpYeT IIa0JIOH Append, mepemaBas eMy XBOCT
CIMCKa U 100aBISIEMbIN THII.

Teneprs 1t TUIIOB U CIIMCKOB TUIIOB OIIpelesicHa YHU(ULIMPOBaHHAsI onepalnus Append.
Hanpumep, npuBeaeHHBINA HMXE OIMepaTop OIpeaesisieT CIMCOK, COCTOSIIUI U3 BCeX YMCIIO-
BBIX TUIIOB CO 3HAKOM, MPEAyCMOTPEHHBIX B si3bike C++.

typedef Append<SignedIntegrals,

TYPELIST_3(float, double, Tong double)>::Result
SignedTypes;

3.9. YpaneHue anemeHTa

PaccMOTpUM Terepb OOpaTHYIO ONEPaLUIO — YAaleHUe 3JIEMEHTA U3 CIIMCKA TUIIOB. Y
HAC €CThb [IB€ BO3MOXHOCTH: YAAJIUTh TOJbKO MEPBOE BXOXIECHUE WIM YAAIATh BCE BXOXIE-
HUS JaHHOTO TUIA B CIIMCKE.

W3y4nM TOJILKO TEPBbIi BapUaHT.

Erase

Bxoonsie dannbie: cnvcok Tunos TList, Tam T

Pesyabmam: onpenenenue BHyTpeHHero Tuma Result

Ecnm ciucok TList cocrout n3 equHCTBeHHOrO Trma NullType,
TO KJIacc Result gsisiercsa TunoM NullType.
Wnaue, ecim TuII T cOBITaAaeT ¢ TUNOM TList: :Head,
TO KJIacC Result sgBigercd TMIOM TList::Tail.
HNnaue
KJacc Result SBIISIETCS CIIMCKOM TUIIOB, TOJI0BAa KOTOPOTO SIBJISIETCS
TUTOM TList: :Head, a XBOCTOM — pe3y/IbTaT MPYMEHEHHUS aroputMa Erase
K XBOCTYy TList:Tail c¢ mapameTpom T.

BoT Kak BHINIIIUT 3TOT aJITOPUTM Ha s13bIke C++.

template <class TList, class T> struct Erase;
template <class T> // Cneumanusaums 1
struct Erase<NullType, T>

{
typedef NullType Result;

template <class T, class Tail> // Cneumanusauusa 2
struct Erase<Typelist<T, Tail>, T>

{
typedef Tail Result;

template <class Head, class Tail, class T > // Cneumanu3sauusa 3
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struct Erase<Typelist<Head, Tail>, T>

typedef Typelist<Head,
typename Erase<Tail, T>::Result>
Result;

};

Kak u ansa kiacca TypeAt, /Uid 9TOro 11aGJOHHOTO Kjacca He MPeayCMOTPEeH BapuaHT
Mo YMOJUaHUI0. DTO O3HAYaeT, YTO Kjacc Erase MOXHO KOHKPETU3UPOBATH TOJBKO OIpe-
IeJeHHbIMM TuramMu. Hampumep, BbeipaxeHue Erase<double, int> BbI3OBET OIIMOKY
KOMITWISILIMY, TIOCKOJIBKY JJIsi HETO He CYIIECTBYEeT HU OIHOTO COOTBeTCTBUs. Kpome Toro,
HEOoOXOAMMO, YTOOBI MEPBbI MapaMeTp IabJOHHOro Kiacca Erase ObUT CIIMCKOM THUIIOB.

Hcnonw3ys onpeneneHue kiacca SingedTypes, MOXHO 3amucarh Cleayoliiee.

// Knacc SomeSignedTypes cCOAEpXMT IKBMBANEHT Kaacca

// TYPELIST_6(signed char, short int, int, long int,

// double, long double)

typedef Erase<SignedTypes, float>::Result SomeSignedTypes;

PaccMoTpuM peKypCUBHBIM airOpUTM yaajleHus seMeHToB. 11labnoH EraseAll ynansiet
BCE BXOXIIEHUS TWMa B CNMCOK TUMOB. Ero peanusaius aHajormvyHa kKjiaccy Erase, 3a Ofi-
HUM uckimoyeHueM. [Ipu oOHapyXeHUM TUIa, MOMJIEXAIIEeTO YIAJeHUIO, alTOPUTM HE OC-
TaHaBJIMBAETCS, a IMPOAOKAET MCKaTh M YIAsITh COOTBETCTBYIOLIME 3JIEMEHThI M3 XBOCTA
CIHMCKa, PEKYPCUBHO MPUMEHSISI cCaMOro ceosl.

template <class TList, class T> struct EraseAll;

template <class T>
struct EraseAll<NullType, T>

typedef NullType Result;
template <class T, clas Tail>

struct EraseAll<Typelist<T, Tail>, T>
{

// NpPOXOAUT BHU3 MO CAUCKY, yAanas 3aAaHHbIM Tun
typedef typename EraseAll<Tail, T>::Result Result;

template <class Head, class Tail, class T>
struct EraseAll<Typelist<Head, Tail>, T>

{
// TIpOXOAUT NO CNUCKY, YAaNsis 3ajaHHbM Tun
typedef Typelist<Head,
typename EraseAll<Tail, T>::Result>
Result;
};

3.10. YpaneHune pyonukaros

BaxHoi onepaiyeil Hao CIIMCKAMM THUIIOB SIBJISICTCS yaajieHue myoaukaroB. Ee wmenp —
TpaHC(HOPMHUPOBATh CIIMCOK THUIIOB TAK, YTOOBI KAXIBIA THUII B CIIMCKE BCTPEYAJICS JIMIIb
omuH pa3. Hampumep, u3 criicka

TYPELIST_6(Widget, Button, widget, TextField, ScrollBar, Button)

HY>XKHO INOJIYYUTH CIIMCOK
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TYPELIST_4(Widget, Button, TextField, ScrollBar)

Or1a rpoueaypa HEMHOIO CJIOXHEE, OAHAKO, KaK JIETKO A0raaaTrbCs, HaM IOMOXKET KJlacC Erase.

NoDuplicates
Bxoowbsie dannbie: crnucok tmnos TList

Pe3zyabmam: onpeneneHue BHYTpeHHero tuma Result

Ecnu cniucok TList cocTouT U3 eqMHCTBEHHOTO Tuma NullType,
TO KJjlacc Result gBisieTcst TUNIoM NullType.
Hnuaue
NPUMEHUTH aaropuT™M NoDuplicates K coucKy TList::Tail,
MOJIyYMB BPEMEHHbI CIUCOK L1;
MPUMEHUTDb AITOPUTM Erase K cnuckam L1 u TList: :Head,
MOJIyYMB B pe3yJbTaTe CIMCOK L2.
Kracc Result — 3TO CNMCOK THUIMOB, TOJ0BAa KOTOPOTO SIBJISIETCS
CIUCKOM TList: :Head, a XBOCT — CIIMCKOM L2.

Bot kak 3TOT anropuT™m nepeBoaAuTCs Ha A3bIK C++.
template <class TList> struct NoDuplicates;

template <> struct NoDuplicates<NullType>

{
typedef NullType Result;

template <class Head, class Tail>
struct NoDuplicates< Typelist<Head, Tail> >

érivate:
typedef typename NoDuplicates<Tail>::Result L1;
typedef typename Erase<Ll, Head>::Result L2;
public:
typedef Typelist<Head, L2> Result;
)

[ToyeMy MBI BOCIIOJIb30BAICh aJITOPUTMOM Erase, MMesI B CBOEM PaCIOPSDKEHUM aJiro-
put™M EraseAl1? Benb Mbl XOTMM yIajduTh Bce OyOJMKaThl JAHHOTO TUIIAa, HE mpaBaa ju?
OTBeT 3aKJII0YaeTCS B TOM, YTO aJTOPUTM Erase IMPUMEHSIETCS A0cie PEKYPCUBHOTO BEI30Ba
ajaroputMa NoDuplicates. DTo 03HavaeT, YTO Mbl yaajideM U3 CIKCKA TUII, Y KOTOPOIo yxke
HET AyOaMKaTa, IO3TOMY B CIIMCKE OCTAaHETCS I10 KpallHel Mepe OOUH 3K3EMILISIP TaHHOTO
TUMNA. DTO JOBOJILHO MHTEPECHBIM MpUMEP PEKYPCUBHOIO MPOrpaMMUPOBAHMSI.

3.11. 3ameHa 3anemMmeHTa

HMHorna BMecTo yhalieHUs HYXXHO 3aMEHUTb KaKOW-TO 3JIeMEHT B cmnucke TUnos. Kak
Mbl YBUAMM B paszzaenie 3.12, 3aMeHa OAHOTO THUIA JAPYTMM TIPEACTaBISET CO0OI BaXKHYIO
CTPOUTENIbHYIO KOHCTPYKIIMIO JIJISI MHOTHX CJIOXHBIX UIOM.

JormycTuMm, 4TO HaM HYXXHO 3aMEHUTb TUIT T TUIIOM U B CITMCKE TUIIOB TLisSt.

Replace

BxooHvle danuble: crivicox TunoB TList, Tum T (momsexaluii 3aMeHe) U TUI U

(3ameHa)
Pe3yabmam: onpenenenue BHyTpeHHero tuna Result
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Ecmu cimcok TList COCTOUT U3 eAMHCTBEHHOro Tuna NullType,
TO KJIacc Result gsigercsa TunoM NullType.
MHuaue, eciau rosoBa criMcka TList sBasgeTcs TUIIOM T,
TO KJacc Result IpeacTaBisieT cO0Oi CIIMCOK THUIIOB,
Y KOTOPOTIO ToJIOBa SIBJISIETCSI TUIIOM U, @ XBOCTOM CJIYXKUT CITMCOK
TList::Tail.
Muave kimacc Result npeacrasisieT co00i CMCOK TUIIOB,
Y KOTOPOTO TOJIOBA SIBJISIETCSI CIIMCKOM TList: :Head,
a XBOCTOM CJIY>KUT pe3yJIbTaT IMIpUMEHEHUs airopuT™Ma Replace
K CIMCKY TList u mapamerpam T u U.

Bot xak BEIIJISIAUT KO 3TOTO0 PeKyPCHBHOTO aJITOPUTMA.
template <class TList, class T, class U> struct Replace;

template <class T, class U>
struct Replace<NullType, T, U>

typedef NullType Result;

template <class T, class Tail, class U>
struct Replace<Typelist<T, Tail>, T, U>

typedef Typelist<U, Tail> Result;

template <class Head, class Tail, class T, class U>
struct Replace<Typelist<Head, Tail>, T, U>

typedef Typelist<Head,
typename Replace<Tail, T, U>::Result
Result;
1
Anroput™M ReplaceAll Jerko mojaydyuTb, U3MEHUB BTOPYIO CHELMATIM3ALMIO TaK, YTOOBI
B HEW aJITOPUTM PEKYPCUBHO MPUMEHSUICS K CIIUCKY Tail.

3.12. YacTn4yHo ynopsifo4eHHbIe CIIUCKU TUNOB

[oryctTuM, HaM HYXHO YIOPSIOYUTh CITUCOK THUIIOB IO OTHOILIEHWIO HacjeI0BaHUSI.
Hanpumep, Mbl OBl XOT€IM, YTOOBI MPOM3BOAHBIC TUIIBI MPEIIIECTBOBAIM 0a30BbIM. IlycTb
MBI UM€EeM MEepapXUI0 KJIaCCOB, M300paXkeHHyIo Ha puc. 3.1.

[Mpeanonoxum, 4To y HacC €CTh CIUCOK TUIIOB

TYPELIST_4(Widget, ScrollBar, Button, GraphicButton)

Hama 3agaua — npeoGpa3oBarh €ro CieayoluM 00pa3om:
TYPELIST_4(ScrollBar, GraphicButton, Button, Widget)

CrieoBatesibHO, HaM HYXKHO TMePEeCTaBUTh MPOU3BOAHBIE KJIACChI BIEpell, OCTABUB MOPSIIOK
CJIeIOBaHMS KJIACCOB OIMHAKOBOTO YpOBHS (sibling) mpexHuMm.

Ha mepBbiil B3rsig 9Ta 3amaya KaxeTcsl HaAyMaHHOWM, ONHAKO OHa MMeEeT O0oJblIoe
MpakTUYeCKoe 3HaueHue. [IpocMOTp YHOpsSImIOUeHHOTO CIKMCKAa TUITOB, B KOTOPOM TIPOW3-
BOJIHbIE TUIbI CTOSIT BIEPEAU, COOTBETCTBYET OOXOAY MEpapXuu KJIacCoB CHU3Y BBepX. Me-
XaHU3M JIBOMHOU NUCTeTYepu3aliuu, OMMCaHHbIN B m1aBe 11, mpuMeHseT 3TO BaXHOE CBOWi-
CTBO JUJIs1 pacrio3HaBaHusl MHGOPMAIIMK O TUTaX.

nasa 3. CANCKM TUMNOB 83



Widget

ScroliBar Button

GraphicButton

Puc. 3.1. IIpocmas uepapxus kaaccos

st ynopsimoueHrst Habopa HeoOXOIMMa COOTBETCTBYIOMIAsI (DYHKIIMS. Y HAc yXe eCTh CTaTH-
YEeCKMI1 MEXaHU3M PacIio3HaBaHUsl HAaClIeOBaHus, IETATbHO ONMCAaHHbINA B I71aBe 2. HamomHuwm,
YTO B HAllleM PACIOPSDKEHWU €CTh YHIOOHBI Makpoc SUPERSUBCLASS(T, U), BO3BpallaloIIUii
3HaueHue true, ecim Kiacc U SBIISIETCS MPOU3BOAHBIM OT KJlacca T. Mbl MPOCTO OOBENVHUM Me-
XaHM3M PacCIiO3HaBaHMS HAC/IEIOBAHUSI CO CITMCKAMU TUTIOB.

I[IpyuMeHeHre K CIKUCKaM TUIIOB TMOJHOLEHHOIO aJropuTMa COPTMPOBKM HEBO3MOXHO,
MOCKOJIBKY Yy HAac HET OTHOIIEHUsI HEeCTPOroro mnopsiaka mexay tunamu. [lo sroii mpuunHe
JUISI KJIACCOB HEBO3MOXHO CO3MaTh 9KBUBAJIEHT OMeparopa cpaBHeHUsl operator<. Cieno-
BaTeJIbHO, HaM TIPUIETCS HUCIIOJb30BaTh OCOOCHHBIN aJIrOPUTM, TEPECTABISIONINI TTPOU3-
BOIHBIE KJIACCHI BIIEpEd U HE U3MEHSIOIINI OTHOLIEHUS MEXIY IPYTMMU KJIaCCaMU.

DerivedToFront !
Bxoonwvie dannvie: cnucox tunos TList
Pe3zyabmam: onpenenenue BHyTpeHHero tuma Result

Ecmu cimcok TList COCTOUT M3 €AMHCTBEHHOro Tumna NullType
TO KJjacc Result gBisieTcs TunoMm NullType.
HNuaue
HaWTH B CUCKe TList::Tail KiIacc caMOro HUXHETO YPOBHS,
MPOU3BOJHBIN OT Kiacca TList: :Head. CoxpaHUTh €ro BO
BPEMEHHOU TIepeMeHHOU TheMostDerived.
3aMeHUTDb Kiacc TheMostDerived B criucke TList::Tail
CIMUCKOM TList::Head, MOJy4yuB B pe3yJibTaTe CIUCOK L.
CKOHCTPYHpOBaTh pe3yJIbTaT B BUIE CIMCKAa TUIIOB, TOJIOBOI KOTOPOTO SIBJISIETCS
KJacc TheMostDerived, a XBOCTOM — CIHACOK L.

Bo BpE€MA NPUMEHCHMUA I3TOro ajJropurtMa K CIIMCKY THIIOB IPOM3BOAHBLIC THUIILI NMEPEME-
IIaI0TCda Ha BEPLINHY, a 0a30BBIC TUIIHI 3aTAJIKMBAIOTCS HA JTHO.

B sTOM onucaHuM HET OMHOM JAeTaad — aJlropuTMa 06Hapy)KCHI/IH IIPOU3BOAHOIO Kjacca
CaMOIr0 HMZKHETO YpOBHS B 3aJaHHOM CIIMCKE THUIIOB. HOCKOJII)Ky Makpoc SUPERSUBCLASS

I Tekyuiass Bepcust 6ubmoreku LOKi comepkuT peanusanuio 6Gojiee TOYHOTO ajlroputMa De-
rivedToFront — [Ilpum. ped
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BO BpeMsI KOMITWJISILIMK [TOPOXIACT OyJIeBCKOE 3HAYEHHE, IJIST PELICHHUST 3TOM 3aJadyl OKa3bl-
BaeTCsl IMOJIE3HBIM HeOOJBIION MIabJIOHHBIM Kilace Select (Takke ONMMCAHHBIA B TJIaBe 2).
HarroMHMM, 4TO 3TOT 1IaGIIOHHBII KJIacC BBIOMPAET OOWMH M3 ABYX TUIIOB B 3aBUCHMMOCTH OT
3HAYCHMUsI CTATUIECKOM OYJIeBCKOI KOHCTAHTHI.

AJroput™ MostDerived ImojydaeT Ha BXOJ CIMCOK THIIOB U THII Base, a BO3BpallaeT —
HanboJjiee ITyOOKO BJIOXKEHHBIN KJIACC, ITPOM3BOMHBINA OT THIIA Base, HaXOMSIIMICSI B CIIM-
cKe (WM, BO3MOXHO, caM KJlacc Base, €CJIU MPOU3BOIHBIX TUIIOB B CITUCKE HET).

MostDerived
Bxoonwvie dannvie: cnucox tunos TList, Tunm T
Pezyabmam: onpeneneHue BHYTPEHHEro TUIa Result

Ecnu criucok TList cOCTOUT U3 eAMHCTBEHHOrO Tuma NullType
TO Kjacc Result sgBisieTcs TUTIOM T.
HNuaue
MPUMEHUTH AITOPUTM MostDerived K cnucKy TList::Tail u tumy T.
Ilonyyuts i Candidate.
Ecnu tun TList: :Head siBisieTcs MpoM3BOAHBIM OT TuMa Candidate,
TO pe3yJbTaTOM SBJsIeTCSd TUMN TLISt: :Head.
WHuaue pesyabraTom sBasetcs Tum Candidate.

Peanuzanus anropurma MostDerived BBHITJISAUT CICIYIOIINM 00pa3oM.
template <class TList, class T> struct MostDerived;

template <class T>
struct MostDerived<NullType, T>

typedef T Result;

template <class Head, class Tail, class T>
struct MostDerived<Typelist<Head, Tail>, T>
{
private:

typedef typename MostDerived<Tail, T>::Result Candidate;
public:

typedef typename Select<

SUPERSUBCLASS(Candidate, Head),
Head, Candidate>::Result Result;
};
Anroput™M DerivedToFront MCHOJbL3YET aJITOPUTM MostDerived B KayecTBE 3J€MEH-
TapHOTO ajaropuTMma. Bot ero peamm3amnusi.

template <class T> struct DerivedToFDront;

template<>
struct DertivedToFront<NullType>

typedef NullType Result;

template <class Head, class Tail>
struct DerivedToFront< Typelist<Head, Tail> >
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private:
typedef typename MostDerived<Tail, Head>::Result
TheMostDerived;
typedef typename Replace<Tail,
TheMostDerived, Head>::Result L;
public:
typedef Typelist<TheMostDerived, L> Result;
)

OTa clIoXHass MaHUMYJISILIMSI CO CIIMCKOM TUIIOB 00JlagaeT 3amevaTesibHOI cuioii. Ilpe-
oOpazoBaHue DerivedToFront agdekTuBHO aBTOMATU3MPYET OOPaOOTKY THIIOB, KOTOPYIO
VMHaye MPUILIOCH Obl TOJTO M THIATEIbHO PEajn30BbIBaTh BPYYHYI0. DTO HalIOMMHAET aBTO-
MaTUYECKYI0 MOICPKKY TapaUleJIbHbIX MepapXuil KJIaccoB, He Tak Jin?

3.13. N'eHepauua knacca Ha OCHOBe CNUckKa TUNnoB

Ecmu no cux mop CHMCKM KIIacCOB Kas3alvCh WHTEPECHBIMU, WHTPUTYIOIMIMMU WM JIaxKe
yKaCHbIMU, TO 3TO TOJBKO 1[BETOUKU. B 3TOM pazmene naercsl orpejiesieHue OCHOBHBIX KOHCT-
PYKLMI JUIT TeHepallMM KOojia C TIOMOILBIO CITMCKOB THUIOB. DTO O3HAYaeT, YTO MBI BOOOIIE
Oosibllle He OyJeM MucaTh MPOrpaMMbl, a 3aCTaBUM KOMITWJISITOP AejaTh 3TO 3a Hac. Takue KOH-
CTPYKIIMU OCHOBAHBI Ha OTHOM M3 CaMbIX MOIIHBIX 0COOeHHOCTEH sizbika C++, KOTOpoit HeT H1
B OJTHOM JIPYTOM S$I3bIKE, — WabN0HHbIX wabaoHHbix napamempax (template template parameters).

o cux mop MaHUMYJSIUMKU CO CIKCKaMM THUIOB He MOPOXIaiu HUKAKOro kKoaa. B pe-
3yJibTaTe 00pabOTKM BO3HUKAJ HOBBIM CIIMCOK THUIIOB, THUIIBI WJIM YKCJIOBBIE CTaTUYECKUE
KOHCTaHThI (Kak B kiacce Length). [epeitneM K u3yuyeHUIO Mpolecca reHepaluuy peajbHOro
KoJa, T.e. K TeM CYIIHOCTSIM, KOTOPBIE OCTaBJISIOT CBOM CJie]l B CKOMITMJIMPOBAHHOM KOJIE.

OOBEeKThl CIIMCKOB TUIOB M 37eCh He HYXXHbl. OHM HE MMEIOT HMKaKOro 3HAYeHUsI BO
BpeMsI BBITIOJIHEHUS TMPOrpaMMbl M HUKaKMX (PYHKIIMOHAJBLHBIX Bo3MOXHocTelt. [Tpu padoTe
CO CIHUCKaMM TUIMOB 0CO00 BaxkHa BO3MOXHOCTb F€HEPUPOBATh KOJ Ha OCHOBE CIMCKA TU-
noB. [lpuKiIagHbIe MPOrpaMMUCTBI MHOTAA JOJDKHBI HAIONHSTH KJIACC KaKUM-TO KOIOM —
CUTHATYpaMM BUPTYaJbHBIX (QYHKIW, OOBIBICHUSIMU TEPEMEHHBIX WA pealn3alusiMu
dbynkuumii. Ciocod 3Toro 3amojHeHUsl ONpeaesieTcsl ClUMCKOM TUMOB. [TonbiTaeMcsi aBToma-
TU3UPOBATh 3TOT MPOIIECC.

ITockonbky B si3bike C++ HET CTATUUECKUX UTEepalMil WM PeKypCUBHBIX MaKpPOCOB, 3a-
JaJa gA00aBJIeHWsT Koma JJIsi KaXXIoro THIa, COAepKaIleTocsl B CITMCKE, MOBOJBHO CIIOXKHA.
MOXHO MPUMEHUTh YAaCTUUYHYIO CMEelMaTu3alvio 1abJIOHOB B COYETAHUM C OMMCAHHBIMU
BBIIIIC aJITOPUTMAaMU, HO peau3alis 3TOr0 PelleHUsT OyAeT CIMIIKOM 3alyTaHHON W CIIOXK-
HOii. Peluth 3Ty 3amayy HaM roMoxkeT oubamoreka Loki.

3.13. 1. FreHepayus pacripegesieHHbIX nepapxui

MoiHbie 1mabaoHsl 6ubanoreku Loki obseryaioT 3amauy MOCTPOEHUST KJIACCOB IyTEM
MPUMEHEHUS KaXJOTo TUIIa, CONIEpXalllerocs B CIMCKE THUIIOB, K OCHOBHOMY IIa0JIOHY,
MPEeNOCTaBIeHHOMY MoJib30BaTeieM. TakuM o0pa3oM, 3alyTaHHbBIM Mpoliecc pacnpeneaeHust
TUTIOB, YKa3aHHBIX B CIIMCKE, IO MPOrpaMMe TOoJIb30BaTessi MHKAIICYJIMPOBaH B OMOIMOTEKE.
ITonb3oBatesb NOMKEH JIMILb ONMPEAEIUTh MPOCTON 1IabJ0H ¢ OJHUM MapaMeTpOM.

OTOT IA0JIOHHBIN OMOJIMOTEUHBIN KJIacC Ha3bIBaeTcsl GenScatterHierarchy. Hecmotps
Ha TO YTO €ro onpejejeHue T0CTaTOYHO MPOCTO, ITOT KJIacc HeBEeposSITHO 3ddekTuBeH. BoT
€ro ompezneneHue.>

3 DTO omHa W3 CUTyallMii, KOTJa TpeanoyTUTe/IbHee CHayajaa OnucaTh MACK M JIMIIb 3aTEM — €€
TIOTCHIMAJbHBIC ITPUITOKECHU A (B OTJIMYMEe OT OOBIYHOTO nopsaka pelucHuA 332[?1‘{).
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template <class TList, template <class> class Unit>
class GenScatterHierarchy;
// Cneumanu3lauma knacca GenScatterHierarchy:
// npeobpa3oBaHue knaca Typelist B knacc Unit
template <class T1, class T2, template <class> class Unit>
class GenScatterHierarchy<TypeList<Tl, T2>, Unit>
public GenScatterHierarchy<Tl, uUnit>,
public GenScatterHierarchy<T2, uUnit>

{

public:
typedef Typelist<Tl, T2> TList;
typedef GenScatterHierarchy<Tl, Unit> LeftBase;
typedef GenScatterHierarchy<T2, Unit> RightBase;

// Nepepaya atomapHoro Tuna (He cnucka TUNoB) kKnaccy Unit
template <class AtomicType, template <class> class Unit>
class GenScatterHierarchy : public Unit<AtomicType>

typedef Unit<AtomicType> LeftBase;

// C knaccom NullType He penaem Huyero

template <template <class> class Unit>

class GenScatterHierarchy<NullType, Unit>

{

};

Il1aGioHHBIN 111a0JOHHBIM TapaMeTp paboTaeT Tak, Kak M oxupanoch (riasa 1). II1a6-
JIOHHBIN KJjacc Unit mepemaercst kjaccy GenScatterHierarchy B KayecTBe BTOPOTO apry-
MmeHTa. Kinacc GenScatterHierarchy ucmoiab3yeT CBOM IIAa0JIOHHBINA IMA0JOHHBINM I1apa-
MeTp Unit Kak OOBIUHBIN 1IA0JOHHBINA KJIACC C OJHUM I11a0JOHHBIM TapameTpoM. HoBbie
BO3MOXHOCTH TMOSIBJISIIOTCS OJ1aroiapst TOMy, YTO IMOJIb30BaTelb Kjacca GenScatterHierar-
chy MoxeT nepenaBath eMy CBOW COOCTBEHHBIN 111a0JIOH.

Yro aenaeT kiacc GenScatterHierarchy? Eciau ero mepBblii apryMeHT sIBJASIETCSI aTo-
MapHBIM TUIIOM (B MPOTUBOIOJOXHOCTh CITMUCKY THIIOB), KjlacC GenScatterHierarchy me-
penaeT ero kjaccy Unit M HacjemyeT CBOMCTBA pe3yJbTUPYIOLIEro Kjacca Unit<T>. Eciu
MEepPBbI apTyMEHT SIBJISIETCS CIMUCKOM TUIIOB TList, kiacc GenScatterHierarchy cBomut-
cs (recurses) K kjiaccaM GenScatterHierarchy<TList::Head, Unit> u GenScatterHi-
erarchy<TList::Tail, Unit> u HacineayeT ux cBoiicTBa. Kinacc GenScatterHierar-
chy<Nul1Type, Unit> SBISIETCS IIyCTBHIM.

B wurtore mpoiiecc KOHKpeTM3alMM Kiacca GenScatterHierarchy 3aBepiunaercss Hache-
JIOBaHMEM KJjiacca Unit, KOHKPETU3UPOBAHHOTO KaxcObiM Munom u3 chucka munos. B xaue-
CTBE TIpUMEpPA PACCMOTPUM CJIEAYIOIINI KOJI.

template <class T>
struct Holder

{
T value_;

1

typedef GetScatterHierarchy<
TYPELIST_3(int, string, widget),
Holder>
widgetinfo;
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Holder<Widget>

. GenScatterHierarchy GenScatterHierarchy
Al <Widget,Holder> <NullType,Holder>
Holder<string>
GenScatterHierarchy GenScatterHierarchy
<string,Holder> <TYPELIST_1(Widget),Holder>
I
GenScatterHierarchy GenScatterHierarchy
<int,Holder> <TYPELIST_2(string, Widget),Holder>
I
Widgetinfo

Puc. 3.2. Cmpykmypa nacnredosanus kaacca Widgetlnfo

Hepapxust HacnenoBaHus, MOpoxaeHHas kiaccoM WidgetInfo, mokaszana Ha puc. 3.2.
Mbl GynemM HasbIBaTh TaKuMe MEepapXMU KJIacCoB pacnpedenenubimu (scattered), MOCKOJIBKY TH-
bl B CIIMCKE TUIIOB pacrpenesieHbl IO pa3HbIM KOPHEBBIM KilaccaMm. B 3Tom 3akiouaetcst
CYLIHOCTb KJlacca GenScatterHierarchy — OH reHepupyeT Mepapxuio KJi1acCcoB JUISl MOJIb-
30BaTeJisl, MHOTOKPAaTHO KOHKPETU3UPYsI 1IabJOHHBIN Kilacc, MpeAoCTaBlIeHHbI eMy B Kayue-
CTBE MOJENU. 3aTeM OH COOMpaeT BCE CreHEepPUPOBAHHBIC KJIACChl B OJAWH, B JAHHOM CITy-
yae — kJjacc WidgetInfo.

B pesynbrate HaciemnoBaHus kKiaccel Holder<int>, Holder<string>, Holder<widget> u
widgetInfo nMelOT ogHy NmepeMeHHYI0-UIeH value_ LI KaXIoro TUIa, YKa3aHHOIO B CIIH-
cke TunoB. Ha puc. 3.3 mokazaHa OuHapHas cxeMa oObekTa Kiacca WidgetInfo. [Ipeamnona-
raeTcsl, YTo TakKMe MYCThIe KJIacChl, KaK GenScatterHierarchy<NullType, Holder>, urHo-
PUPYIOTCST M HE 3aHUMAIOT MECTa B COCTABHOM OOBEKTE.
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OO0BekThl Ki1acca WidgetInfo Mo3BOJSIOT AeiaTh UHTEPECHbIE Belll. HampumMep, MOXHO
00paTUThCS K 00BEKTY KJlacca string, XpaHsieMycs B 00bekTe Kiacca WidgetInfo, Hanu-
CaB CJIEAYIOIIUIA KOJ.

widgetInfo obj;

string name = (static_cast<Holder<string>&>(obj)).value_;

SABHOE mpuBeneHWE TUIOB MO3BOJSET M30€XaTh HEOMHO3HAYHOCTU MMeHM value_. B mpotus-
HOM CJTy4yae KOMIWJISITOP HE CMOXET OIpee/uTh, Ha KaKoil WieH value_ Bbl CChLIAETECh.

Widgetinfo
Holder<int> intvalue_;
Holder<string> string value_; GenScatterHierarchy
<TYPELIST_2(string, Widget),Holder>
Holder<Widget> Widget value_;

Puc. 3.3. Cxema pacnpedenenus namsmu ois obsexkma kaacca WidgetInfo

DTO NpuBeACHUE TUIIOB BHITJISIUT YKACHO, TTO3TOMY MbI MOMBITAEMCSI O0JIETYUTH PadbOTy
C KJaccoM GenScatterHierarchy, cHaOOWB €ro HECKOJIBKUMU YIOOHBIMU (QDYHKIIASIMU
noctyrna. Hanpumep, 6bu10 ObI IpeKpacHO MMETh JOCTYIT K WIGHY Kjacca I0 ero TUIy. DTo
JIOBOJIBHO IIPOCTO.

// Knacc FieldTraits onucaH B tanne HierarchyGenerators.h

template <class T, class H>

typename Private::FieldTraits<H>::Rebind<T>::Result&
Field(H& obj)
{

return obj;

Pabota ¢yHkuuu Field ocHOBaHa Ha HESIBHOM MpeoOpa3oBaHUM MPOM3BOJHOIO TUIA B
6azoBbliii. [Ipu BbIZOoBe Field<widget>(obj) (rme obj momkeH mmeTh TMN WidgetInfo)
KOMIIWJISITOP pacro3HaeT, 4To Holder<widget> — 3T0 6a30BBbI KJIAaCC MO OTHOILIEHUIO K
kiaccy WidgetInfo, ¥ MPOCTO BEPHET CCHUIKY Ha 3Ty YAaCTh COCTABHOTO OOBEKTA.

IMouemy dyHkius Field sBAsieTCS 4YacTbIO MPOCTPAaHCTBA MMEH, a He (yHKIUEH-
yieHoM? [1oToMy 4TO Takoi BBICOKUI YpOBEHb 00OOIIEHHOTO MPOrpaMMUPOBAHUS BBIHYXK-
JlaéT OYeHb OCTOPOXHO oOpamiaThcs ¢ MMeHaMmu. [lpeacTaBbTe, HampuMep, YTO B Kiacce
Unit ompeneyneH cuMBoJ ¢ uMeHeM Field. Ecim Obl B Kitacce GenScatterHierarchy Obuia
(yukuus-unen Field, oHa Obl ObUTa 3amMackMpoBaHa GyHKIMel Field, sBisitouieiics 4ie-
HOM KJiacca Unit. DTo BbI3Bajio Obl Maccy Helopa3yMeHHUIA.

Y dyHkuuum Field ecTh OOMH HEOOCTATOK: €€ HEeb3sl MPUMEHSITb, €CJIM B CITMCKE TUIIOB
€CTb IyOauKaThel. PaccMOTpMM HEMHOTO M3MEHEHHOE olpesiesieHue Kilacca WidgetInfo.

typedef GenScatterHierarchy<

TYPELIST_4(int, int, string, Widget),
value>

widgetInfo;

Tenepn B kiacce WidgetInfo ecth nBa uneHa value_, uMmewoumx tan int. Eciu BbI-
3BaTh (pyHKIMIO Field<int> u3 oObekTa Kinacca WidgetInfo, KOMOUIATOP MOXaIyeTcsl Ha
HEOJHO3HAYHOCTh. YCTPAaHUTh 3Ty HEOMHO3HAUYHOCTh HEJIETKO, TMOCKOJIbKY Kiacc Widget-
Info mBaxabpl HaciedyeT CBOMCTBa kiacca Holder<Int>, mpuyeM pa3HbIMU MYTIMHU, KakK
ImoxKasaHo Ha puc. 3.4.
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Holder<int> : Toxe, yTo M Ha puc. 3.2

A

GenScatterHierarchy GenScatterHierarchy
<int,Holder> <TYPELIST_2(string, Widget),Holder>
GenScatterHierarchy GenScatterHierarchy
<int,Holder> <TYPELIST_3(int,string, Widget),Holder>
I
Widgetinfo

Puc. 3.4. Knacc WidgetInfo nacaedyem ceoiicmea kaacca Holder<int> deascdv:

Ham HeoOxonmMo cpencTBo, MO3BOJISIONIEE BbHIOMpPATh MOJsI B KOHKPETM3allMKu Kiacca
GenScatterHierarchy Ha ocHOBe nosuuuoHHo2o urdexca (positional index). Eciau Ob1 Mbl
MOIJIM CChUIAThCSl Ha KaXa0€ U3 TUX ABYX MOJeil, UMEIOIMX TUM int, B CIIUCKE TUIMOB (T.€.
Field<0>(obj) u Field<1>(obj)), To HEOMHO3HAYHOCTh ObLIAa OBl yCTpaHEHaA.

[Monpobyem peanrzoBaTh QYHKIMIO AOCTyMa K TMOJIO MO €ro MO3WLMU B CIUCKE TU-
noB. HaM HyXHO BBIMOJHUTH CTaTUYECKYIO AMCIIETYEPU3ALMIO IS TOJISI, UMEIOIIEro WH-
nekc 0, YToO COOTBETCTBYET T'OJIOBE CIIMCKA TUIIOB, U TMOJISI C HEHYJIEBbIM MHIEKCOM, COOTBET-
CTBYIOIIETO XBOCTY CIMCKA. DTO OBOJLHO JIETKO CAEJaTh C MOMOIIbI0 HEOOJbIIOro 111abd-
JIOHHOTO Kjacca Int2Type, omnpeneieHHOro B riase 2. HamomHuMm, uyTo Kjacc Int2Type
MPOCTO TIPEOOPA30BBIBAET KAXIYI0 OTIEIbHYIO IIEJIOYMCICHHYI0O KOHCTAaHTY B OTAEJbHBIN
tun. KpoMe Toro, kak mokasaHo HMXe, ISl TMepefayu MOoJyYeHHOro pe3yjabTaTa UCIONb3Y-
eTcs kiacc Type2Type.

template <class H, typename R>
inline R& FieldHelper(H& obj, Type2Type<R>, Int2Type<0>)
{

typename H::LeftBase& subobj = obj;

return subobj;

}

template <class H, typename R, int i>
inline R& FieldHelper(H& obj, Type2Type<R> tt, Int2Type<i>)
{
typename H::RightBase& subobj = obj;
return FieldHelper(subobj, tt, Int2Type<i-1>());
}
// Knacc FieldTraits onucaH B tanne HierarchyGenerators.h
template <int i, class H>
template Private::FieldTraits<H>::At<i>::Result&
Field(H& obj)
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typedef typename Private::FieldTraits<H>::At<i>::Result
Result;
return FieldHelper(obj, Type2Type<Result>(), Int2Type<i>());

}

OcraeTcsl TOHSTh, KaK HalKcaHa Takas peajud3alusi, HO, K CYaCTblO, 3TO JOCTATOYHO
JIETKO OOBSICHUTH. BcCio paboTy BBIMOJHSIIOT BE TeperpyxxeHHble ¢yHKIUM FieldHelper.
IlepBass 13 HUX MOJy4yaeT MapameTp, UMEKIIUKA TUN Int2Type<0>, a BTOpas — mnapameTp
Int2Type<aioboe yeaoe uyucro>. CieaoBarebHO, MepBas MeperpyxeHHas (pyHKUMS BO3Bpa-
1aeT 3Haue€Hue, COOTBETCTBYIOIEE Kiaccy Unit<T1l>&, a BTOpasd — TUI, UMEIOIIMI yKa-
3aHHBI MHAEKC B CIKUCKE TUIOB. [ TOro 4toObl OMNpeaennTh, KaKoW TWM CeIyeT Bep-
HyTb, GyHKIMSI Field McCHojb3yeT BCIOMOTraTe/bHbIM 11abJOHHBIN Kiacc FieldTraits.
®ynkiusa Field Bo3BpainaeT 3ToT TUI GyHKIMU FieldHelper depe3 Kiacc Type2Type.

Btopast neperpyxxeHHasi ¢byHKiMsl FieldHelper peKypCHBHO BbI3bIBaeT caMy celsl, me-
penaBasi MpaBoOro Mpeaka kiacca GenScatterHierarchy u tun Int2Type<index-1>, mo-
ckoJibKy mosie N B CIIMCKe TUIMOB siBisieTcsl mojeM N—I1 B XBOCTe 3TOro crnucka, ecim N He
paBHO HyJo. ([eiicTBuTenbHO, ciyyait, Korna N paBHO HyJl0, 00pabaThIBaeTCsl MEPBOM Te-
perpy>XeHHoOI (PyHKIIMEIA.)

YTtoObl ynpocTUTh UHTEPGEIC, HAM HYXXHO TIPeayCcMOTpeTh B Kiacce Field nBe moros-
HUTENbHblE (YHKUMU: KOHCTAaHTHBIE BEPCUM IBYX OIpelesieHHbIX Bbllue (yHKUMI Field.
OTu (PyHKIIMU OYEHb TTOXOXM HAa CBOM HEKOHCTAHTHBIE MPOTOTHUIIBI, HO, B OTJIMYME OT HUX,
MPUHUMAIOT U BO3BPALLAIOT CChIJIKM Ha KOHCTAHTHBIE TUIIBI.

®ynkiua Field HamMHOro O6GJileryaeT MCIIOJb30BaHME Kiacca GenScatterHierarchy.
Tenepb MOXHO HamucaTth CJIEAYIOIIUIA KOI.

widgetInfo obj;

int x
int x

Field<0>(obj).value_; // NepBbin LenbIA TUN
Field<1>(obj).value_; // BTopon uenbin Tun

[[IabnoHHBIN KTacc GenScatterHierarchy odeHb ya00eH UIS TeHEpalUU CIOXHBIX
KJIaCCOB Ha OCHOBE CIMCKOB MpOCThbIX TUMOB. Kilacc GenScatterHierarchy MoXHO Npu-
MEHSTD JIJISI TeHepallud BUPTYAIbHBIX (DYHKIMI I KaXkIoro Tuma B criucke. B rmase 9,
MOCBSIIIIEHHON abCTpakTHbIM (habpuKaM, 3TOT KJIacC WCMOJb3yeTcsl JJsl TeHepaluuu abcT-
PaKTHBIX MMPOM3BOAAIINX (DYHKIIMI, pabOTAIOIINX CO CITMCKaMU TUIIOB. B aToit raBe Takke
MOKa3aHo, KaK peau3yloTcsl uepapxuu, MopoxkIeHHbIE KJIacCoM GenScatterHierarchy.

3.13.2. N'eHepayust KopTexen
MHoraa Bo3HMKaeT HEOOXOAUMOCTb CO3[aTh HEOOJBIIYIO CTPYKTYPY, COCTOSILYIO U3 Oe-
3BIMSTHHBIX TIOJICH, U3BECTHYIO B HEKOTOPHIX SI3bIKax (Hampumep, B s3bike ML) mox Ha3Ba-
HueM xopmedxc (tuple). CoznaHue kopTexeil Ha si3bike C++ BrepBble ObUIO OMUCAHO B pa-
oote Axkko fApsu (Jakko Jarvi, 1999a), a 3atem yrouHeHo B pabore (Jarvi and Powell, 1999b).
Yto Ttakoe kopTexx? PaccmMoTpum crienyroimuii mpumep.

template <class T>
struct Holder

T value_;

typedef GenScatterHierarchy<
TYPELIST_3(int, int, int),
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Holder>
Point3D;

Pa6orarb ¢ kjaccoM Point3D JOBOJLHO TPYAHO, MOCKOJBKY IMOCHE KaXAOW (DYHKUHU
JIOCTYIAa K TOJIsSIM HEeoOXoauMo yKasbiBaTh cydhdukc .value_. Ham HyXHO co3gaTh CTpyK-
Typy, MOXO0XYI0 Ha Kjacc GenScatterHierarchy, B Koropoii ¢pyHKuMM noctyrna Field Bo3-
BpalllalOT CCHUIKM HETMOCPENCTBEHHO Ha WieHbl value_. DTo 3HA4YUT, 4TO GYHKIUS
Field<n> mojokHa Bo3BpallaTh He Holder<int>, a int&.

B 6ubnuotexke Loki onpeneneH kiaacc Tuple, peaqn30BaHHbIN aHAJIOTMYHO KJaccy Gen-
ScatterHierarchy, HO MPeAOCTABISIONIMI MPSIMON AOCTYM K MOJSIM. DTOT Kjiacc paboTaer
CJIeyIOIIMM 00pa3oM.

typedef Tuple<TYPELIST_3(int, int, int)>

Point3D;
Point3D pt;
Field<0>(pt) = 0;
Field<1l>(pt) = 100;
Field<2>(pt) = 300;

Koprexu mone3Hsl mas co3gaHusl HEOOJbIIMX OE3bIMSHHBIX CTPYKTYp, HE WMEIOLINUX
(yHnkumii-unenoB. HampuMep, ¢ UX MOMOILBIO MOXHO BO3BpalliaTh U3 (yHKIHWU Cpa3y He-
CKOJIbKO 3HAYEeHUH.

Tuple<TYPELIST_3(int, int, int)>

GetWindowPlacement (Window&) ;

®uktrBHas GyHKIMS GetwindowPlacement TO3BOJISAET MOJL30BATENISIM Y3HaBaTh KOOP-
NIMHATBl OKHA U €ro MOJIOKEHUE B CTEKE OKOH, UCIOJb3Ysl ONWH BbI30B (yHKUMU. [Ipn 3TOM
pa3paboTYMK OMOIMOTEKM HE 00s13aH MpeaycMaTpyBaTh OTAEJIbHYIO CTPYKTYpPY IUIs KOpTeXka,
COCTOSILLIETO U3 TPEX LIEJIbIX YHCET.

[pyrue ¢dbyHKUMU, paboTamlMe ¢ KopTexamMu, MOXHO HalTtu B aitie Tuple.h 6ub-
jmorteku Loki.

3. 13.3. N'eHepayust IMHEHbIX NePapXNii

PaccMoTpuMm criefyrouiuii mpocToii MabJoOHHBIA Kiacc, onpenestoninii uHtepdeic oo-
pabotunka coobiTusi. B HEM ompenensiercs ToabKo (GyHKIMSI-UIeH OnEvent.

template <class T>
class EventHandler

t
public:
virtual void onEvent(const T&, int eventId) = 0;
virtual ~EventHandler() {}
1
B knacce EventHandler ompezaelieH BUPTYaJbHbIM AECTPYKTOpP, HE MPEACTaBIISIIOLINIA
IUUISI HAC UHTEpeca, HO TeM He MeHee HeoOXOnUMbI (TPUYMHBI OyIyT yKa3aHbl B riaBe 4).
I1abmoHHBIN Ki1acc GenScatterHierarchy MOXHO MCHOJb30BaTh JJISI TOrO, YTOOBI pac-
MIPOCTPAHMUTD KJIacC EventHandler Ha KaXIblil TUII B CIIACKE.

typedef GenScatterHierarchy

<
TYPELIST_3(Window, Button, ScrollBar),
EventHandler

>

widgetEventHandler;

92 YacTb |. MeToapl



VY knacca GenScatterHierarchy ecTb HEJIOCTaTOK — OH MCITOJIb3yeT MHOXECTBEHHOE
HacnenoBanue. Eciu pasmep Koga oueHb BaXeH, 3TOT KJIACC MOXET CTaThb HENPUTOIHbBIM,
MOCKOJIBKY KJ1acc WidgetEventHandler comepXuT TpU yKazaTeslsl Ha BUPTyaJlbHble TaOJIv-
b4, 10 OXHOM Ul KaXIOil KOHKpeTH3alMW Kiacca EventHandler. Eciu BenmumHa
sizeof (EventHandler) paBHa 4 6aiiT, To BeimunHa sizeof (wWidgetEventHandler) Oy-
JIeT paBHa yxe 12 0aiit, Bo3pacTasi o Mepe 100aBJieHUs] B CIIMCOK HOBBIX TUIMOB. Haubosee
3¢ deKTUBHO ObUIO Obl OOBSIBISATH BCE BUPTyasibHble (DYHKIIMM BHYTPHU Kiacca WidgetEven-
tHandler, npaBaa, 3TO He MO3BOJWIO Obl T€HEPUPOBATh KOI.

JluneiiHast vepapxusi HacjaeIOBaHUs TO3BOJISIET Pa3IOXUTh Kiacc WidgetEventHandler
Ha KJIacChbl, MO OMHOMY Ha KaxIyl0 BUPTYyaJbHYIO (DYHKILMIO, KaK MOKa3aHO Ha puc. 3.5.
[Ipu ucnonb3oBaHMM TIPOCTOrO HacjaenoBaHUs kKiacc WidgetEventHandler MOXET UMEThb
TOJIbKO OIMH YyKa3aTeJb Ha BUPTYalbHYIO TaOJMIly, YTO MaKCUMaJbHO MOBBbIIIAET ero 3¢-
(beKTMBHOCTH C TOUKHU 3peHUs pa3Mepa.

HandlerScrollbar

OnEvent(scrl : ScrollBarg, eventld : int)

i

HandlerButton

OnEvent(btn : Button&, eventld : int)

i

HandlerWindow

OnEvent(wnd : Windowg&, eventld : int)

?

WidgetEventHandler

Puc. 3.5. Onmumanvnas no  pazmepy
cmpykmypa kaacca WidgetEventHandler

Kak co3mate MexaHM3M, aBTOMaTHYECKU T€HEPUPYIOIIUI Takyio mepapxuio? it 3Toro
MpenHa3HayeH PEeKYPCUBHBIM MeXaHW3M, aHAJOTMYHBIMN Kiaccy GensScatterHierarchy.
OnHako ecTh omHO omTimuue. I1aGIOHHBIN Kiacc, ONMpele/eHHBII Tob30BaTeIieM, Telephb
JOJKeH TIPUHUMATD 0d6a MIA0JOHHBIX MapaMeTpa. OIWH U3 HUX SBJISICTCS TEKYIIUM TUIIOM B
CIIMCKE TUIIOB, KaK U y Kjlacca GenScatterHierarchy, a Bropoii — 310 6a30BBIN KJacc, OT
KOTOPOTO TPOUCXOMUT KOHKpEeTH3amusi. BTopoii 11abJIOHHBIN IMapaMeTp HEoOXOmUM, IT0-
CKOJIbKY, KaK MOKa3aHO Ha puc. 3.5, Koi, OomnpeneJeHHbII MOoab30BaTesieM, Terepb BKIOYa-
€TCSl 6 cepedury VepapxXuu KIJIACCOB, a HE TOJbKO B €€ KOpPHU (KaK 3TO OBUIO B Kilacce Gen-
ScatterHierarchy).

4 Peanmzauysi He o0si3aHAa MCIIOJB30BaTh BUPTYAIbHbIE TAGJIMLIBI, HO GOJBLIMHCTBO MPOTPaMMHU-
CTOB BCE K€ MPUMEHSIOT ux. OnucaHue BUPTYaIbHbIX TabMIL JaHO B pabore Lippman (1994).
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Hanuiiem pexypcuBHBIN 111a0JIOHHBI Kiacec GenLinearHierarchy. OH moxoxX Ha
KJ1acc GenScatterHierarchy, HO OTHOUIEHWE HAClE€NOBaHUS U IHAOJOHHBINA KO, OmNpene-
JIGHHBI TIOJIb30BaTe/ieM, B HEM 00padaThIBAIOTCS MHAYeE.

template
<
class TList,
template <class AtomicType,class Base> class Unit,
class Root = EmptyType // Knacc EmptyType onucaH B rnaee 2
>
class GenLinearHierarchy;

template
<
class T1,
class T2,
template <class, class> class Unit,
class Root
>

class GenLinearHierarchy<Typelist<Tl, T2>, Unit, Root>
public Unit< T1l, GenLinearHierarchy<T2, Unit, Root> >

{

};

template

<
class T,
template <class, class> class Unit,
class Root

>

class GenLinearHierarchy<TYPELIST_1(T), Unit, Root>
public Unit<T, Root>
{

};

DTOT KOl HEMHOTO CJIOXXHee, YeM y Kiacca GenscatterHierarchy, HO CTpyKTypa He-
papxuu Kiacca GenLinearHierarchy HamHoro mpomie. Ciemyst MOCIOBUIE “Jydille OIUH
pa3 yBWAETb, YeM CTO pa3 yciablmath” (“image is worth 1,024 words”), mocMoTpuM Ha
puc. 3.6, Ha KOTOpOM M300paxkeHa MepapXusl KJIAcCOB, TIOPOKICHHAS CIICAYIOIIMM KOIOM.

template <class T, class Base>
class EventHandler : public Base

t
public:
virtual void onEvent(T& obj, int eventId);
};
typedef GenLinearHierarchy
<
TYPELIST_3(Window, Button, ScrollBar),
EventHandler
>
widgetEventHandler;

B coueranuu ¢ kimaccom EventHandler kinacc GenLinearHierarchy onpeaesnsieT JUHEHYIO
Mepapxulo TMpocToro HacjaenoBaHus. Kaxapiii y3eq B 9TOil MepapXuM OIpPENesisieT OAHY YKUCTO
BUPTYaJIbHYIO (DYHKIIMIO, KaK 3TO MPeayCMOTPEeHO sl kiacca EventHandler. CnenosaresbHo, B
kyacce MyEventHandler ompeneneHbl TpU BUpPTyaJbHble DYHKIIMM, KaK U TpeboBaioch. Kiacce
GenLinearHierarchy BelIBUraeT HOBoe TpeOOBaHME K CBOEMY IIA0JIOHHOMY IIAaOJOHHOMY Ta-
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paMeTpy: Kiacc Unit (B HalieM TIpuMepe — Kiacc EventHandler) moimkeH ImojydaTb BTOPOU
1Ia0JIOHHBIN TIapaMeTp W HaclienoBaTh €ro CBOMCTBAa. B KavyecTBe KOMITEHcAallMM Kilace Gen-
LinearHierarchy BBIIOJHSCT CIOXKHYIO PabOTy IO TeHepaIiy WepapXuu KJIacCoB.

EmptyType

i

EventHandler<ScrollBar,EmptyType>

OnEvent(scrl : ScrollBar&, eventld : int)

i

GenLinearHierarchy<TYPELIST_1(ScrollBar),EventHandler>

i

EventHandler<Button, GenLinearHierarchy<TYPELIST_1(ScrollBar), EventHandler>>

i

GenLinearHierarchy<TYPELIST2(Button, ScrollBar),EventHandler>

i

EventHandler<Window, GenLinearHierarchy<TYPELIST2(Button, ScroliBar),EventHandler>>

i

WidgetEventHandler

OnEvent(btn : Button&, eventld : int)

OnEvent(wnd : Window&, eventld : int)

Puc. 3.6. Hepapxus kaaccos, nopoxcoennasn waoaronnvim kaaccom GenLinearHierarchy

Krnaccel GenScatterHierarchy u GenLinearHierarchy mpekpacHo paboTaiOT B TaH-
neMe. B GosbliMHCTBE ciyyaeB MHTEpdeiic MOXXHO TeHepupoBaTh C MOMOIIBIO Kjacca Gen-
ScatterHierarchy, a peajlusalnuio — ¢ MOMOIIbIO KJjacca GenLinearHierarchy. KoH-
KpEeTHbIE TTPUMEDPDBI UCTTIOJIb30BAHUSI OTUX JBYX T€HEPaTOpPOB MPUBOAATCS B maBax 9 u 10.

3.14. Pe3iome

CHUCKH THMIIOB TPEACTABISIIOT CO00il BaXkKHBIM METOX 00OOIIEHHOTO MPOrpaMMUPOBaHHS.
OHHM TIPEIOCTABIISIIOT CO3MaTe/IsIM OUOIMOTEK HOBBIE BO3MOXHOCTHU: BbIPAXXaTh M MaHUITYJIM-
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poBaTh HEOTPAHWUYECHHO OOJBIIMMM HAaOOpaMu THIIOB, TEHEPUPOBATh CTPYKTYPHI JaHHBIX M
KOJl HA OCHOBE 3TMX KOJUIEKLIMI U T.II.

Ha srame KOMMISIMM K CIIMCKaM THIIOB MOXKHO TTPUMEHSTh OOJIBIITMHCTBO 3JIEMEHTap-
HbIX (DYHKUMI, MPeTyCMOTPEHHBIX JUISI OOBIYHBIX CIMCKOB: JA00aBISATh, YIAISITh U 3aMEHSTh
3JIEMEHTBI, YIAJIATh TyOJIMKAThl, 00palaThCcs K 3JeMEHTaM, OCYLIECTBIISITh UX TTIOVMCK M Jaxe
BBIMOJIHAITh UX YacTUYHOE yrnopsimouyeHue. Koj, peanusyrouimii MaHUIYISLUU CO CIIMCKaMU
TUTIOB, OTpaHMYEH YMCTO (PYHKIMOHATBLHBIM CTHJIEM, TTOCKOJIBKY Ha 3Tare KOMITWISAIUNA He
CYLIECTBYET M3MEHSIEMbIX BEJIUYMH — TUIMbl U CTaTUYECKUE KOHCTAHThI, OyIyuYd OZHAXIbI
onpelesieHHbIMU, yXe HUuKorma He uaMmeHstotcs. [1o aToil mpuurHe OOJBbIIMHCTBO Olepa-
LM HajJ CIIMCKaMU THUIIOB OCHOBAHO Ha PEKYPCUBHBIX 1IA0JIOHAX W COMOCTaBICHUU 00pas-
LIOB C MOMOIIbIO YACTUYHOM Clielraan3aluy 11abaoHOB.

CHYCKY TUTIOB TIOJIE3HBI, KOTAA MPUXOAMTCS MUCaTh OMUH M TOT X€ KOI — JeKIapaThB-
HBIY WJIM WMIIEPATUBHBIM — JUIS KaXIOro OTAebHOro Tura. OHU TO3BOJISIIOT abCTparupo-
BaTh M 0000IIaTh CYIIHOCTH, KOTOPBIE HEBO3MOXHO abCTparupoBaTh M 000OIIATH C ITOMO-
LIbIO APYTUX MPUEMOB MporpaMmupoBaHusi. [1o 3Toil mpuUYMHE CIUCKU TUMOB MPEACTaBIsI-
10T CO0OI CPEACTBO JJISI CO3MaHUsI COBEPIICHHO HOBBIX WAMOM M peajn3allii OMOIMOTeK,
Kak Mbl yBUIUM B T1aBax 9 u 10.

bubnauoreka Loki comepXXuT nBa MOUIHBIX MPUMUTHABA JUISI aBTOMAaTUYECKON TeHepaluu
vepapxuil KJIaccoB: IIa0JOHHBIE KJIacChl GenScatterHierarchy m GenLinearHierarchy.
OHU TeHEepUpYyIT JBE OCHOBHBIE CTPYKTYPhl KJIACCOB: pacmpeleieHHylo (cM. puc. 3.2) u
JIMHEWHYI (cM. puc. 3.6). JInHeilHAsT MepapXusl KiIaccoB Hambojyee 3(GheKTUBHA C TOYKU
3peHusT pa3Mepa. PacripeneneHHass mepapxvsi KiaccoB oGyagaeT TMOJie3HbBIM CBOWMCTBOM: BCE
KOHKpETHU3alluKy 111a0JI0Ha, OMpeesIEHHOro MoJjib3oBaresieM (MepefaBaeMoro B KauecTBe ap-
TryMEHTa Kjaccy GenScatterHierarchy), npeacraBisitor co00il KOpHUM KOHEYHOTO Kiacca,
KakK 1MokKa3aHo Ha puc. 3.2.

3.15. Kpatkoe onucaHue knacca Typelist

o 3aeonosounsili gaiin: Typelist.h.
e Bce cylHOCTH KJjlacca HaXoAsATCsl B TPOCTPAHCTBE UMEH Loki::TL.
e OmnpenesneH mabJoOHHBIN Kiace Typelist<Head, Tail>.

e Co3gaHue CIMCKa THUIIOB: OMpeAeaeHbl MaKpoOChl OT TYPELIST_1 mo TYPELIST_50.
KonunuecTso IIPUHUMACMbIX MU IMapaMETPOB yKa3aHO B UX UMCHU.

e [lonb3oBaTesb MOXET MOBBICUTL BEPXHUIA Mpeaesa MakpocoB (50).
#define TYPELIST_51(T1l, noémopsame 6naoms 00 T51) \
TYPELIST(T1, TYPELIST(T2, HO8MOpsAmMb 6naoms 00 T51)>

e [lo cornameHuIo MEPBbIM 2JIEMEHTOM CITUCKOB TUIIOB BCErAa SIBJISIETCSI MPOCTON TUTT
(He CMUCOK THWIOB), a XBOCT MOXET ObITb JIMOO CIUCKOM THUIIOB, JIMOO KJIACCOM
NullType.

e B 3aronoBouHoOM (paitie ompeaeneH HabOp MPUMUTUBOB, OMEPUPYIOIINX CO CITMCKA-
MU TunoB. [lo cornanieHuio Bce 3TH MPUMUTUBBLI BO3BPAILAIOT Pe3yJIbTaT B BUJE OI-
peneieHusT BJIOXEHHOTO (BHYTPEHHETO) OTKPBITOTO THUIIAa IO Ha3BaHMeM Result.
Ecnu pesyiabTaToM paboThl MPUMUTHBA SIBJISIETCS 3HAUEHUE, OHO UMeeT UM value.

e [IpuMuTuBBI onucaHbl B Tabu. 3.1.

e CuHorcuc 1abJOHHOIO Kjlacca GenScatterHierarchy:
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template <class TList, template <class> class Unit>

class GenScatterHierarchy;

laGnoHHbIli Ki1acc GenScatterHierarchy nopoxXaaeT Wepapxuio, KOHKPETU3M-
pyloliIyo Kjaacc Unit uisi KaXkaoro TUIA, YKa3aHHOTO B CMMCKe TUMoB TList. KoH-
KpeTusanusi Kiacca GenscatterHierarchy nmpsiMo wiM KOCBEHHO HacjenyeT CBOM-
CTBa Kjacca Unit<T> Il KaXIoro Tuma T U3 CIUCKa TUIOB TList.

CTpyKTypa Mepapxuu, TTOPOXICHHON KJIacCOM GenScatterHierarchy, nzobpaxeHa
Ha puc. 3.2.

CuHorncuc mabJIoOHHOTo Kitacca GenLinearHierarchy:

template <class TList, template <class, class> class Unit>

class GenLinearHierarchy;

[llabnonHbIN K1acc GenLinearHierarchy mopoxmnaeT JUHEHHYIO HUepapxXulo, U30-
OpaskeHHYyI0 Ha puc. 3.6.

[HlabmoHHBIN KiIacc GenLinearHierarchy KOHKpeTHM3MpyeT Kiacc Unit, mepemaBas
KaX/Iblii TAM U3 CIMCKa TUIMOB TList B KauecTBe MepBOro 11abjJJOHHOTO Napamerpa
9TOro Kjacca. O6pamume enumanue: xjiacc Unit NOJKEH cO3[aBaTbhbCsl Ha OCHOBE
BTOPOTO 111a0JIOHHOTO MapaMeTpa ¢ TOMOIIBI0 OTKPBITOTO HACJIEIOBaHUS.

IMeperpyxeHHble GhyHKIMM Field obecrieunBaOT JOCTYM K y3JaM UepapXuu 1Mo TUITY
U IO UHIEKCY.

®yukiuusa Field<Type>(obj) Bo3BpalllaeT CChLIKY Ha KOHKpETH3allUIO Kiiacca Unit,
COOTBETCTBYIOIIYIO YKa3aHHOMY TUTTY Type.

®ynkiusa Field<index>(obj) Bo3BpallaeT CCBHUIKY Ha KOHKPETH3aIlMIO Kiacca
Unit, COOTBETCTBYIOLLYIO TUITY, MO3ULIMS KOTOPOTO B CIIUCKE TUIIOB 3alaeTcs 1IeJIO-
YUCJIEHHOW KOHCTAaHTOM index.

Ta6nuua 3.1. CraTMyeckue anaroputmbl paboTbl CO CNMCKamMu TUMNOB

Nmsa npumutusa

Onucanue NpUMATHBA

Length<TList>
TypeAt<TList, idx>

TypeAtNonStrict<TList, idx>

IndexO0f<TList, T>
Append<TList, T>
Erase<TList, T>

EraseAll<TList, T>

Bbruucnser JJIWHY CIIMCKa TUIIOB TList

BosBpaiiaer TiIl, 3aHUMAIOLINI 3aJaHHYIO ITO3UIINIO B
CIMCKe TUIOB TList (cumras ot Hyns). Ecim nHmekce
OoJIbLIIe IJTMHBI CITUCKA WU paBeH ¢if, BOSHUKAET
OIIMOKA KOMITMJISLIMKA

BosBspailaer TvI, 3aHUMAIOILUI 3alaHHYIO TIO3ULIMIO B
CITMCKe TUTOB TL1i st (cunTast ot Hyst). Ecim mHmekc
OOJIbIIIe TMHBI CIIMCKA WM PaBeH eif, BO3BPAIIAeTCsT TIT
NullType

Bo3sBpaliaeT MHAEKC MIEPBOr0 BXOXKIEHMsI THIA T B CIIMCOK
TList. Ecam Tun He HalifeH, Bo3BpallaeT ymcio —1

JloGaBsieT B ciMcoK TLiSt HOBBIN TUM WK CITMCOK
TUIIOB

Ynanser mepBoe BXOXIEHUE B CITUCOK TList Tuma T
(€cau OHO €CTb)

VYnanser Bce BXOXIEHUS B cMcOK TList tuma T (ecnu
OHM €CTb)
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Oxonuanue maba. 3.1

Nms npumuTHBa

Onucanue NPpUMUTUBA

NoDupTicates<TList>
Replace<TList, T, U>

ReplaceAll<TList, T, U>

MostDerived<TList, T>

DerivedToFront<TList>

Ynanser u3 cnucka TL1St Bce TyOaUKaThI

3aMeHsIeT MepBoe BXOXIEHUE B CMMCOK TList tuma T
(ecyi OHO ecTb) TUTIOM U

3aMeHsIeT Bce BXOXJIEHHUs B CITUCOK TList Tuna T (eciau
OHU €CTb) TUTIOM U

Ornpenensier Hanbosee ITyOOKO BIIOXKEHHbIN TUII,
MPOU3BOIHEIN OT Thra T. Ecim takoro tuma Her,
BO3BpalaeTcs TUI T

INepenBuraetr Haubosee rIyOOKO BIOXEHHBIE
MPOM3BOIHBIE TUITHI B TOJIOBY CITMCKA TUITOB TLisSt
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PA3MELLEHME B NTAMATHU
HEBOJIbLLUNUX OBbEKTOB

B 3100t rnaBe oOCyXaaroTcsl BOMPOCHl pa3paboTKU U peaiu3alii MeXaHu3Mma ObICTPOro
pacrnpenenenus namatu (allocator) mwist HeOoNbIIMX OOBEKTOB. M crnonb3oBaHME TaKMX pac-
npeneauTeneil mo3BosieT KOMIEHCUPOBATh JAOMOJIHUTENbHBIE 3aTpaThl PECYpCcOB, MPOUCXO-
JSAIIAE TIPYU TUHAMUYECKOM pa3MeIlleHUN OObEKTOB.

B pasHbix mMectax 6ubamoreku Loki mcrosb3yloTcs o4eHb MalleHbKUE OOBEKThl — MX
pa3Mep MOXET He IpeBbIIIaTh HECKOAbLKUX 0aiiToB. B IiiaBe 5, MOCBsIEHHONW 0000IEHHBIM
(yHkTOpam, 1 raBe 7, ONMUCHIBAIOIIEH MHTEIICKTyaTbHbIC YKa3aTelld, MaJICHbKNE OOBEKTHI
WCIOJb3YIOTCSA OYeHb IMPOKO. 1o pa3HbBIM MpUYMHAM, CPeld KOTOPbIX Haubojiee BaKHOM
SIBJISIETCST UX TIOTMMOPGHOE TIOBEICHUE, 3TU MaJIeHbKNE OOBEKTHI HeJib3sl XpaHUTh B CTEKE.

Hnst paboThl ¢ IMHAMUYECKON MaMsThio B si3blke C++ ecTb Ba OCHOBHBIX MHCTPYMEH-
Ta — ornepaTtopbl new u delete. [Ipobiema 3akimovyaeTcss B TOM, YTO 3TH ONEPaTOphl YHU-
BepcaJibHbl ¥ He3(M®dOEKTUBHO pabOTAIOT MPU AMHAMUYECKOM pa3MEIIeHUU MaJIeHbKUX 00b-
€KTOB. UTOObI MPOMJLTIOCTPUPOBATh, HACKOJBKO MJIOXO OHU PabOTalOT ¢ MaJeHbKUMHU O0b-
€KTaMM, 3aMETUM, YTO HEKOTOPbIE CTAaHHAPTHBIC PACTPEISIMTEN TUHAMUYECKON TaMsTh
“Horna paboTaloT Ha MOPSIOK MeUIeHHee M 3aHUMAlOT B JiBa pa3a 0oJblile MaMsITH, YeM
pacripe/ie/INTe N, OMMMCaHHbBIE B 3TOM TJIaBe.

“UctouHrK Beex Oel — paHHsIst ontumusanus”, — 3asBui JoHanbn Kuyr (Donald Knuth).
C nmpyroii ctoponbl, Jlen Jlarranuu (Len Lattanzi) yTBepxkaaeT, 4to “ro3mHsisl ecCUMU3alusl He
TIPUBOIUT HM K 4eMy XopoireMmy”. IleccuMuzanys TOJbKO Ha OOWH TIOPSIIOK BO BPEMST BBITION-
HEHUsI MPOrpaMMbl TaKMX OCHOBHBIX OOBEKTOB, KakK (DYHKTOPbI, MHTEIEKTYabHbIE yKa3aTeau
WM CTPOKM, JIETKO MOXKET YrpoOWTh Bech mpoekT. (“Ileccumuszanuss” — reHepupoBaHUE TIPO-
TpaMMBbI, KOTOpasl 3aBEIOMO XYK€ €€ ONTUMU3UPOBAHHOTO BapuaHTa. — [lpum. ped.) Boirompl,
KOTOpbIE TIPUHOCHUT JICIIeBOe M ObICTPOE AMHAMUYECKOE pacrpene/ieHre aMsITh UTT MaJIeHbKUX
O0OBEKTOB, MOTYT ObITb OFPOMHBIMU, MOCKOJILKY OHA TMO3BOJISIET MPUMEHSITh COBEPILEHHBIE TeX-
HOJIOTUHM, He OMacasiCh 3HAUNTEIBbHBIX TTOTePh MTPOM3BOIMTEILBHOCT. DT PacCyXKICHUs SBIISIOT-
Csl IOCTATOYHO CUJIbHBIM MOOYIUTEIbHBIM MOTHMBOM ISl pa3pabOTKKU CIIOCOOOB OMTUMAILHOTO
pasMelleHUs] MaJICHbKUX OOBEKTOB B TMHAMUUECKOM TTaMSITH.

ABTOpBI MHOTMX KHUT, MOCBSIIEHHBIX s13bIKy C++, Hanpumep, Carrep (Sutter, 2000) u Meii-
epc (Meyers, 1998a), yroMuHaloT 0 TMOJIE3HOCTH pa3pabOTKU CBOMX COOCTBEHHBIX CIEIMATA3U-
POBaHHBIX CPEICTB pacrpeneseHust mamstu. Meiiepc, onucaB Kakylo-aubo peaan3almio, OcTaB-
JISIET HEKOTOpbIE NEeTad “B BUAE YIPAKHEHUS IUISI CAaMOCTOsITeIbHON paboThl”, a Carrep OTChI-
JlaeT yMraTesiei K “yyeoHukam no C++ wiM nporpaMmMupoBaHuio BooOle”. M3naHue, kotopoe
BbI JIEpXKHUTE B pyKaX, HE TIPETCHIYeT Ha TO, YTOOBI CTaTh Ballleii HACTONMbHOM KHMTOU. OmMHAKO B



3TOM TJIaBe MbI OITYCTUMCS Ha YPOBEHb “3kKeJjie3a” M pean3yeM CBOM COOCTBEHHBIN pacripenesiv-
TeJIb TAMSITU B COOTBETCTBUMM CO CTAaHAAPTOM si3bika C++ B MeJbyailliuX JeTasix.

B 3T0i1 T71aBE OMMCcaHbl HIOAHCHI, CBSI3aHHbBIE C HACTPOWKON MEXaHMW3MOB pacIipe/ie/ieHus
naMsaTu. B Heli paccMOTpeH CBEPXMOIIHBII MeXaHU3M pachpeleseHus] MaMmsTh JUisl Ma-
JICHbKMX 00BEKTOB M3 Oubnunoreku Loki, pabouas soiagka /Uisi MHTE/UIEKTyalbHBIX yKa3a-
TeJiei 1 0000IIEHHBIX (PYHKTOPOB.

4.1. CtaHpapTHbI MEXaHU3M pacnpepesnieHus
AVNHaAMN4YeCcKou namMaTu

ITo HeM3BeCTHBIM TTPUUYMHAM CTAHIAPTHBIN MEXaHM3M pacrpelne/icHUs] TMHAMUIECKOM Tmamsi-
TH B s13bike C++ paboTaer KpaiiHe MeaaeHHO. BO3MOXHO, 3TO CBSI3aHO C TeM, UTO OOBIYHO OH
peanuayeTcss KaK TOHKas 000JI0UKa BOKPYT paclpefeuTesIsl AMHAMUYECKOM TaMsTh s3bika C
(malloc/realloc/free), koTophlii HEADGEKTUBHO pabOTACT C HEOOJBIIMMU YYaCTKaAMU TaMsi-
1. B miporpammax, HarmcaHHBIX Ha s13bIKe C, OOBIYHO HE MPUMEHSIFOTCS WAMOMBI, TTO3BOJISIIO-
1IMe MHOTOKPATHO BBIIEJSITH U OCBOOOXAATh HEOOJbIIIME yYacTKU MaMsitu. Bmecto sToro mpo-
rpamMmbl Ha s13bike C pa3MelaroT B TTaMsITU CpeIHUE U OOJIbilNe OObEKThI (COTHU U ThICSIUM Oaii-
TOB), O3TOMY pabdota dhyHKIMit malloc/free oNTUMU3MPOBaHA UMEHHO ISl HUX.

KpoMe aToro, yHMBepCcaIbHOCTh MeXaHW3Ma pacnpeneieHus maMsaTi B si3bike C++ cra-
Jla IPUYMHON KpaliHell Hea(h(EeKTUBHOCTH MCMOAL30BaHUSI MaMSITH, BbIAEISIEMON A Ma-
JIEHBKUX 00beKTOB. CTaHIApTHBIN pacipee/UTeNb YIIPABIsAeT Kydeil, YTO YacTO BBIHYXKIAeT
€ro 3aHMMAaTh JOMOJHUTENbHYI0 TaMsATh. OObIYHO BCIIOMOraTtesbHasl MaMsTh 3aHUMaeT ot 4
o 32 6alT mis Kaxaoro 0Jioka, BBIACJIEHHOTO ¢ TMOMOIbI0 oneparopa new. [Ipu Bbiaene-
HUU OJIOKOB MamsiTu pazmMepoMm 1024 GallT MOMOJHUTENbHbIE 3aTpaThl HE3HAYMTEJIbHbI (OT
0,4 % no 3 %). OmHako, €clIM BO3HMKAET HEOOXOMMMOCTb Pa3MECTUTh B TAMSITH OOBEKTHI
pasMepoM 8 0aiiT, JOIMOJHUTENbHbIE 3aTpaThl mamsTH coctaBdaT oT 50 % mo 400 %. Dtu
Yyycaa TOCTATOYHO BEJIWKHW, YTOOBI 3aCTaBUTh INMPOTPAMMUCTA 3aAyMaThcsl O TOM, KaK eMy
pPa3MeCTUTh B MaMSITU OOJIbLIOE KOJUYECTBO MAJIEHBKMX OOBEKTOB.

B s3pike C++ muHammyeckoe pacripelie/ieHue MaMsaTh UMeeT Oojblioe 3HayeHue. Ju-
HaMUYeCKUil MOJMMOP(U3M YaCTO acCOLIMMPYETCSl UMEHHO ¢ IMHAMWYECKUM pacrpeaese-
HueM maMmsath. Takue crpateruu, Kak “mmmoma Pimpl” (the pimpl idiom) (Sutter, 2000),
M3HAYaJIbHO OPUEHTUPYIOTCS Ha pachpeiesieHue TMHAMUYeCKOi, a He CTaTUYeCKOi MaMsITH.
(HaszBanue uamoMbl TMpeAcTaBisieT coboii ab0peBuaTypy BbipaxeHus “a Pointer to the
IMPLEmentation class” — “yka3zartesib Ha Kjacc peanusaiuu”. — [pum. ped.)

CriegoBaresibHO, HU3Kasl MPOUM3BOAUTENbHOCTh CTAHAAPTHOTO MeXaHW3Ma paclipeneaeHust
MaMSTH JIeJlaeT ero KaMHeM TPEeTKHOBEHUS Ha MyTH co3naHus 3(P@dOEKTUBHBIX MporpaMM Ha
sa3bike C++. BoiBasible nporpaMmuctel Ha C++ WMHCTMHKTMBHO M30€raloT KOHCTPYKLMIA,
OPMEHTUPOBAHHBIX Ha WCITOJB30BAaHWE AMHAMMUYECKOM TaMSITH, TIOCKOJBKY OHU TIO OIBITY
3HAIOT O CBSI3aHHBIX C OTUM JOTMOJHUTENbHBIX 3aTpaTax. TakuM o0pa3oM, y MpOrpaMMUCTOB
BO3HUKAET HEKUI TICUXOJIOTUYECKUIA Oapbep.

4.2. Kak paboTaeT cTaHAapPTHbI MEXaHU3M
pacnpeaeneHns AMHaMuU4eCcKon namMsTmn

M3yyath TeHOEHLIMMU, CBSI3aHHbIE C MCIOJb30BaHMEM MaMsITH, Kak mokaszan KHyT
(Knuth, 1998), ouenp nHTepecHo. OH pa3paboTajq MHOTO OCHOBHBIX CTpaTeTUil pacripenese-
HMSI TIAMSITH, a TMOoC/Ie OMyOJMKOBaHMSI ero paboThl UX MOSIBUJIOCH €llie OOJIblIIe.
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Kak pabortaeT craHAapTHBIH MeXaHU3M pacripeneieHus namsatu? OH ynpaBiseT IyJoM
0aliTOB U MOXET BbIAEJSTh M3 HEro yyacTKM NaMsTH Jioboro pasmepa. B kauecTBe BCIo-
MOTaTeIbHOM CTPYKTYPBI MOXET IMPUMEHSTLCST TIPOCTOM GJIOK yIpaBiIeHHUS.

struct MemControlBlock

¢ std::size_t size_;

bool available_;

};

IMamsTh, KOTOPOW YIpaBisieT CTPyKTypa MemControlBlock, pacnosaraercsi cpasy 3a HUM, a
ee o0beM, BhIpaKEHHBIN B OaiiTax, omnpejaeseTcs nepeMeHHon size_. Beien 3a atum yua-
CTKOM TaMsTH pacriojlaraercsl cieayiolasi cTpykrypa MemControlBlock u T.n.

Bo Bpewmsi 3amycka TnporpaMMmbl B Havajie Myjia pacroJyiaraeTcsl TOJbKO OJHA CTPYKTypa
MemControlBlock, koTopasi ymnpaBjsieT Bcell MaMsTblo KaK OJAHUM OOJIbIIMM YYaCTKOM.
ODTO — KOpHEBOHW OJIOK yMpaBiieHWs, KOTOPbIii HUKOIrIAa HHUKyna He mnepemeniaercs. Ha
puc. 4.1 mokazaHa cxeMa pacrpeleseHus] TaMsITH IS yjia, uMmetoilero oobem 1 Moaiit, B
MOMEHT 3aIlycka MporpaMMbl.

available_:true size_: 1048571

~—1 6alT—>—{<—4 6a|71T—~| 1048571 Gaitt

1048576 6aitt (1 M6aiiT)

Puc. 4.1. Cxema pacnpedenenust namsamu 6 MOMEHM 3aNYCKa NPOSPaMMbL

Tlpu xaxaom 3ampoce Ha BBIAEJICHUE TMAMSITH BBITIOJHSIETCS JMHEHHBINA MOUCK TOAXO0-
Isiero 6;1oka, pa3Mep KOToOporo jJubo paBeH TpedyemoMy, Jubo mpeBbiiaeT ero. Ilopasu-
TEJbHO, KaK MHOTO CYIIIECTBYET CTpaTervii, MO3BOJISIOIIUX YAOBICTBOPUTH 3TU 3aMpPOChl, U
Kak CTpaHHO Bce OHU paboTaroT! Cpeau MoaxoAsuiux OJOKOB MaMsATH MOXHO HAalTH mep-
BBI, HAWIyYIIMH, HAUXYOLIUW W Jaxe cilydailHO BblOpaHHbIN. Kak HU CcTpaHHO, HauXy-
LU OJIOK OKa3bIBAETCS JIydllle HAUIYYLlIEero — Kak BaM 3TOT OKCIOMOpPOH?!

Kaxnoe ynaneHue o0bekTa U3 MaMsITA BJEYET 3a COOON HOBBIN JIMHEHHBIN MTOMCK OJIOKa,
MPEIIIECTBYIOIIETO yaaaseMoMy, U TIOCTenyollee BbIpaBHUBAHUE €T0 pa3Mepa.

Kaxk BummM, 3Ta cTpaterusi He CAMIIKOM 3¢hdEKTUBHA ¢ TOUKU 3pEHMs 3aTpaT BPeMEHHU, Of-
HAKO JIOTIOJTHUTEJIbHBIE 3aTPaThl TIAMSITU JOBOJILHO MaJIbl — B KaXKIOM OJIOKE HY>KHO pa3MECTUTh
JIBE TIepeMeHHbIe TUTIA Size_t U bool cooTBeTcTBeHHO. MIHOTIA MOXHO Jaxke COKOHOMUTH OIVH
OMT Ha KaxIOW MEepeMEeHHOW TuMa Size_t, MWCIOJb30BaB €ro s pa3MelleHUs MepeMEHHON
available_. Cxarast ctpykTypa MemControlBlock umeeT ciieayolnii BUI.

// Kopa, 3aBuCAWMKA OT naaThopmsl U KomnunsaTopa

struct MemControlBlock

¢ std::size_t size_ : 31;
bool available_ : 1;
};
Ecnu B KaxxnoM o0bekTe MemControlBlock XpaHUTh yKa3aTeau Ha MPEIbIAyIIUNA U cie-
NIYIOIIMIA OOBEKThl 3TOTO TUTIA, BpeMs, HEOOXOAUMOE JIsI OCBOOOXICHUSI TaMSITH, MOXET
CTaThb MOCTOSIHHBIM. DTO MPOUCXOAMUT MOTOMY, UTO yAAJIsSIeMblii OJIOK CBSI3aH CO CMEXHbIMU
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0JIOKAMU M MOXET MX BbIPABHMBaTh COOTBETCTBYIOLIMM OOpazoM. st 3Toro HeoOxommma
Takasl CTPYKTypa OJIoKa yIpaBJIeHUs.

struct MemControlBlock

bool available_;
MemControlBlock*® prev;
MemControlBlock* next_;

};

Ha puc. 4.2 nokazaHo pacripeiesieHre Myjia maMsTH B BUJE JBaXKIbl CBSI3AHHOTO CITMCKa
610koB. IlepeMeHHas-wieH size_ OoOJbllle HE HYXHA, ITOCKOJbKY pa3Mep OJIoKa MOXHO
BBIYMCIIUTH C TIOMOIIbIO BhIpaxkeHUsT this->next_ - this. JlononHuTe bHBIE 3aTPaThl Ma-
MSITH, CBSI3aHHBIE C HEOOXOAMMOCTBIO XPAHUTH JBa yKas3aTesls W MepeMeHHywo Tumna bool,
no-mnpexHemy cyiectBytoT. (Kak m paHee, MOXHO TNMpUOETrHYTh K CUCTEMHO-3aBUCUMBIM
TPIOKaM U 3alakoBaTh OYJIEBCKYIO NTEPEMEHHYIO BMECTE C OHUM M3 yKa3aTesei.)

available_ | prev_ | next_ available_ | prev_ | next_

Puc. 4.2. Pacnpedeaumens namsmu ¢ NOCMOSAHHbIM 8peMeHeM YOaAeHUs

Bpewms, 3atpaunBaeMoe 3TUM paclpele/uTeNieM TaMsITH, MO-TPEXKHEMY TPSIMO TIPOITOPIIO-
HaJIbHO KOJIMYECTBY OJIOKOB. JIJIsT TOro 4TOOBI YMEHBIIMTh 3TH 3aTPathl, CYIIECTBYET MHOIO HC-
KYCHBIX TPIOKOB, KaXKIblii M3 KOTOPHIX OCHOBAH Ha COOCTBEHHOM CHCTEME KOMIIPOMUCCOB. WH-
TEPECHO, YTO COBEPIICHHOM CTPATEeTMy PACIIPENeICHIST MaMSIT! 10 CHX TTOp HE CYIIECTBYET; KaX-
Jlast U3 HUX MCITOJIb3YeT MOTTOTHUTEIBHYIO TTaMSITh, YTO CHIDKAeT ee 3(D(MeKTUBHOCTb.

MBI He cTaBUM Iepen coboil 3amady yCOBEpIICHCTBOBATh CTAHIAPTHBIM MEXaHU3M pac-
TpeAeeHAS TTaMATH, a COCPEIOTOYMMCS Ha CIEMaJU3UPOBAHHBIX PACIIPENCIUTENSIX, KOTO-
pBIe Jy4Ille BCETO paboTaIOT ¢ HEOOIBIIMMU OOBEKTAMMU.

4.3. Pacnpepgenurenb namaTtu ans He0ONbLINX OOBEKTOB

Pacnipenenurens mamsitTi 1uisi HEOOIBIIKMX OOBEKTOB pabOTAET C YETHIPEXCIOWHOM CTPYK-
Typoi, moka3zaHHOl Ha puc. 4.3. Ee BepxHue cjion UCTIONb3YIOT (YHKIIMOHATbHBIE BO3MOX-
HOCTH, TIpENOCTaBJsieMble HVKHUMM ciiosiMu. Ha nHe cTpykTyphl pacnionoxeH tum Chunk.
Kaxaptii 06bekT Tuma Chunk comepxut ydyactok mamsTtu (chunk), cocrosiiimit U3 1ea0r0
yucia 0J0KOB (hpMKCMPOBAHHOIO pasmepa, U ynpabisieT uM. OO0bekThl THMa Chunk Mo3Bo-
JISIIOT BBIIEJISATb U OCBOOOXAATh 0ok mamsitu. Ecium B oObekTe Tuma Chunk He ocranoch
CBOOOIHBIX OJIOKOB, QYHKIIMS pacripeneieHust MaMsTu BEpHET HYJb.

B cnenytomem crnoe pacrionioxeH kinacc FixedAllocator. OOBEKThI 3TOro Kijacca HC-
MOJIb3YIOT YYaCTKM MaMSTH B KaueCTBE CTPOUTENbHBIX 0JIOKOB. OCHOBHOE MpeaHa3HauYeHUe
kiacca FixedAllocator — ymoBJIETBOPSITh 3aMpoChl Ha BbIACICHNWE MaMsITH, 00beM KOTO-
poii TIpeBbIIaeT pa3mep ydactka. s aToro o0bekThl kiacca FixedAllocator oOpa3oBbI-
BalOT MaccuB 00beKTOB TUMa Chunk. Eciv mocTtymui 3amnpoc Ha BblIEJTEHUE MaMsSITU U BCE
CYILIECTBYIOILIIME YYACTKU TaMSITH 3aHSIThI, OOBEKT Kiacca FixedAllocator co3maeT HOBBIN
00BbeKT TUIMa Chunk M 3amMChIBAaET €ro B MacCUB. 3aTeM OH BBIMOJIHSIET 3aMpoC Ha BblAese-
HUE TIaMSITH, TepeagpecoBbIBasi €ro 3TOMY OOBEKTY.
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SmallObject * MpenocTaBnaeT GyHKLMOHANbHLIE BO3MOXHOCTI Ha YPOBHE 0GLEKTOB
* Npo3payeH — Knacchl HaCNeAyIoT CBOCTBA TONbKO 06bekTOB knacca SmallObject

SmallObjAllocator *M03BONAET Pa3MeLLaTh B NaMATH HeBOMbLLNE 0OBLEKTLI PA3HOro pasmepa
* KoHdurypaumio napamMmeTpoB MOXHO M3MEHSATb

FixedAllocator * PasmelLiaeT 06beKThl TObKO OAHOT0 GUKCMPOBAHHOO pasmepa

Chunk * PasmelLiaeT 0GbeKTbI TOMLKO OIHOMO HUKCMPOBAHHOTO pasMepa
* Makc1ManbHO BO3MOXHOE KOMYECTBO pasMelLiaeMbix 0GbEKTOB GUKCUPOBAHO

Puc. 4.3. Mroeocaotinas cmpykmypa pacnpedeaumens namsamu 04s HeOOAbUUX 006eKM08

Krnacc smallobjAllocator BbimojHsIeT oO1IMe (QYHKIMM, CBSI3aHHBIE C BbIAEICHUEM U
ocBoOOXAeHMEM naMsiTh. OOBEKThl ITOrO Kjacca COCTOSIT U3 HECKOJbKMX OOBEKTOB Kiacca
FixedATllocator, KaXaplii U3 KOTOPBIX CIEUATU3UPOBAH JIsI BbIIEJIEHUSI OOBEKTOB OMpe-
JleJIeHHOTo pa3mepa. B 3aBucuMOCTM OT TpebyeMoro KosjauyecTBa OailiTOB OOBEKTHI Kiacca
SmallobjATTocator HampaBisiIOT 3alpoc OAHOMY M3 OOBEKTOB kjacca FixedAllocator
WA CTaHIApTHOMY OIepaTtopy ::operator new, €civ 3ampalliMBaeMblii 0O0beM MNaMSITH
CJIMIIIKOM BEJIUK.

Ha BepxHem ypoBHe pacmnojioxeH Kiaacc Smallobject, mpeacTaBisiiolnyii co0oil 000I0UKY
kinacca FixedAllocator. OH MHKancyaupyeT Bce (DyHKIMOHAIbHbIE BO3MOXHOCTH, CBSI3aHHBIC
C pacrnpe/ie/ieHueM AMHAMUYECKON MaMmsiTh, U MPeIoCTaB/IsieT Ux ApyruM Kiaccam. Kiacc smal-
Tobject neperpyxaet oreparopsl new 1 delete u nepenaer ux oobekram kKiacca SmalTObjAT-
Tocator. Takum o0pa3oM, OOBEKTHI, CO3aBaeMble IMPOrpaMMUCTOM, MOTYT HacjeqoBaTh (yHK-
MM JUTSE PabOThI ¢ IMHAMUYECKOM MaMsIThiO OT Kilacca Smallobject.

Kpome Toro, MOXKHO HEIOCPEACTBEHHO MCIIOIb30BaTh Kiacchl SmallobjAllocator u Fix-
edATlocator. (Knacc Chunk cauiiikom MpUMUTUBEH M HEHANIEXKEH, TTIO3TOMY OH OTPE/IENISIeTCS B
3aKpbITOM pazzesie Kiacca FixedAlTlocator.) Bosnblieit yacTbio, OMHAKO, TTPOrpaMMBbI TOJIh30Ba-
TeJIell TIPOCTO Hac/eAyloT CBOMCTBA 0a3oBoro kiacca SmallobjAlTlocator, mpuobperasi GyHK-
LIMOHAJIbHbIE BO3MOXHOCTM JJIsl pacnpeeieHust AUHaMuyeckoil mnamsitu. MHrtepdeiic atoro
KJlacca JOCTaTOYHO TPOCT.

4.4. Knacc Chunk

Kaxnpiii 00bekT kiacca Chunk comepXWUT y4acTOK TaMSTH, COCTOSIIIUAN U3 (PUKCUPO-
BaHHOTO yucia OJOKOB, W YIpaBisieT uM. Pasmep M KoanM4yecTBO OJIOKOB YKa3bIBAlOTCS MpU
coznanun obbekTa Kiacca Chunk. O0bexThl TUMa Chunk TTO3BOJISIIOT BBIAEISATH U OCBOOOX-
nath 0joku mamsath. Eciu B o0bekTe TMHa Chunk He ocTajoch CBOOOIHBIX OJIOKOB, (DYHK-
LIMSI pacripe/ieSieHusl MaMsIThU BEpPHET HYJIb.

Hwxe npuseneHo onpeneneHue kinacca Chunk.

// B Knacce HeT 3aKpbiThiX YneHoB — knacc Chunk npeactaenseT cobon
// CTpykTypy aAaHHeix (Plain Old Data - POD).
// CTpyKTypa onpepensieTcs BHyTpu knacca FixedAllocator
// W ynpaBnsieTca TOJIbKO WM.
struct Chunk
{
void Init(std::size_t blockSize, unsigned char blocks);
void* Allocate(std::size_t blockSize);
void Deallocate(void* p, std::size_t blockSize);
void Release();

naBa 4. PaamelleHne B naMaT HeOONbLLINX 0ObEKTOB 103



unsigned char* pbData_;
unsigned char
firstAvailableBlock_,
blocksAvailable_;
};
Kpome ykaszaTens Ha ynpaBlisieMblid y4acTOK MaMsITH 00beKT Kiacca Chunk xpaHur cie-
IYIOLINE LETOYMCIICHHBIC BEIMYMHEL.

o [lepemenHas firstAvailableBlock_ XpaHUT WMHAEKC TEPBOro AOCTYMHOTO OJioKa
BHYTPU NOPLUMHU MAMSITH.

o [lepeMmenHas blocksAvailable_ mpeacrapiseT coOoii KOJIMYECTBO OJIOKOB, TOCTYM-
HBIX B JAaHHOU TTOPIIUU TIaMSITH.

Hurepdeiic kmacca Chunk oyeHb mpoct. yHKIMS Init WHULMATU3MPYET OOBEKT Kilacca
Chunk, a ¢yHkuus: Release — ocBoboXIaeT 3aHATYIO MamsiTb. DyHkMsT Allocate BbiaessieT
0710k mamsiTd, a ¢hyHKums Deallocate ocBoboxmaaer ero. dyHkuusam Allocate u Deallocate
HY>KHO TIepe/iaBaTh pa3Mep MaMsITH, TTIOCKOJIbKY B caMOM 00bekTe kitacca Chunk sTa BeMYuHa He
XpaHUTCS, TaK KaK Ha BEPXHUX YPOBHSIX CTPYKTYphl pa3Mmep Oyioka HeusBecteH. Ecau Obl B Ki1ac-
ce Chunk OblTa mpemycMoTpeHa TiepeMeHHas-uieH blockSize_, 310 ObUTO OBl MyCTO¥ TpaToOi
BpeMeHU W namstu. He 3a0biBaiiTe, 4TO MBI HaXOAMMCS Ha CAMOM JHE CTPYKTYpbl — 3[IECh BCE
umMeeT 3HaueHue. [1o coobpaxeHnsM 3pGeKTUBHOCTU B Kiacce Chunk He orpeaeiaeHbl HU KOH-
CTPYKTOpPBI, HU JECTPYKTOp, HY oreparop TNpucBanBaHus. [1ombiTka onpenennTb CeMaHTUKY KO-
MMPOBAHMSI Ha 3TOM YPOBHE CHM3MWJIA Obl 3(h(HEKTUBHOCTb pabOThl BEPXHUX YPOBHEW CTPYKTYpHI,
Ha KOTOPbIX 00BEKTHI Ki1acca Chunk XpaHSTCs BHYTPU BEKTOPOB.

CtpykTypa Chunk Ie€MOHCTpPUpPYeT BaxKHble orpaHuueHusi. ITOCKOJbKY mepeMeHHbIe
bTocksAvailable_ u firstAvailableBlock_ umewT tdn unsigned char, mopuusi He
MOXeET cofepxaTh Oosblie 255 GJIOKOB (Ha KOMITbIOTEpaX, IJe CUMBOJIbI COCTOSIT U3 8 OUT).
Kak Mbl BcKOpe ybeaumcsi, 9TO pellieHue BIOJIHE YAauHO W TO3BOJsIeT M30eXaTb MHOTUX
HENPUATHOCTEH.

[epeitnem Terepb K Oosee MHTEpecHOU TeMe. biok MOXeT ObITh 3aHAT WM cBoOOmeH. Bcee,
YTO HEOOXOOMMO COXPAHWTb, 3aNMChIBaeTCs B CBOOOMHBIE Oj0kM. B mepBom OGaiite cBOOOIHOrO
0JioKa XpaHUTCS MHOCKC CIEAyrolIero cBobomHoro Ojoka. [ToCKONbKy MepBblii TOCTYITHBIN WH-
JIeKC XpaHUTCs B TepeMeHHoi firstAvailableBlock_, MblI momy4aeM MOJTHOLIEHHBI OTHO-
CBSI3HBIN CITUCOK CBOOOAHBIX OJIOKOB, HE UCIIOJb3Ysl TOTIOTHUTEIbHOW MaMSITH.

B MoMeHT uHMIIManu3aluum odbheKT Kiaacca Chunk BBIISIAUT, KakK MoOKazaHo Ha puc. 4.4.
Kon ero mnuumanusaiuu npuBeieH HUXKE.

void Chunk::Init(std::size_t blockSize, unsigned char blocks)

pData_ = new unsigned char[blockSize * blocks];
firstAvailableBlock_ = 0;

blocksAvailable_ = blocks;

unsigned char i = 0;

unsigned char* p = pData_;

for (; i != blocks; p += blocksize)

{

*p o= ++1;

}

OTOT OAHOCBSI3HBIN CIUCOK, BCTPOEHHBI B CTPYKTYPY AAHHBIX, MPEACTaBISIET COOOit
6osbiioe goctikeHrne. OH Mo3BossieT ObICTPO U 3(DGHEKTUBHO HAXOMUTh CBOOOAHBIN 00K
BHYTPH TMOPLIMHK 0€3 TOMOJHUTEIbHbIX 3aTpaT MaMsTh, IpUYeM Ha pa3MmellieHue U yaajeHUue
0JI0Ka TPATUTCSI TOCTOSTHHOE BPEMSI, UTO UCKIIIOUUTEbHO BaXKHO.
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\4

pData_

firstAvailableBlock_: 0

.. 251 610K...

blocksAvailable_: 255

254
255

Puc. 4.4. Obsexm knacca Chunk, cocmosawut uz 255 610K06
no 4 6aiima xaxcoolil

ITocmoTpuM Temnepb, MoYeMy KOJMYECTBO OJOKOB OTPaHUYEHO BEJIWYMHOM, COOTBETCT-
BYIOLIIE MaKCUMaJbHOMY 3HAYeHMIO TepeMeHHOoW Tuma unsigned char. [Jomyctum, 4to
MbI HCMOJIb3yEM MEPEMEHHYI0 OoJsiee LIMPOKOro TUIa, Hampumep unsigned short, koTo-
pasi Ha MHOTMX KOMIIbIOTepax 3aHUMaeT 2 6aiT. B aTom ciryuae mepen HaMu BO3HMKAIOT JIBE
npoosieMbl — OOJIbIIAs U MaJIEHbKas.

e Mpbl He MoOXeM pa3Meuiatb OJOKH, pa3Mep KOTOPBbIX MEHbIIEe BEIUUYUHBI
sizeof(unsigned short), 4To oyeHb HeyaIOOHO, MOCKOJbKY MBI pa3pabaTbiBa-
€M MEeXaHW3M pacrpejefieHUs NMaMsaTh sl Heboabuux 00bEKTOB. DTO MajeHbKas
npobJjeMa.

e MpbI CTaJIKMBaeMCsl C BONPOCAMU BbIPaBHMBAaHUSI y4yacTKOB MamMsTu. Boobpasute, uro
Mbl CO3JAJIM MEXaHW3M pacripefiejieHus isi 5-0aiToBbIx OJIOKOB. B aTom ciryuae
MpUBEICHNE yKa3aTessl, CChUIAlOIIerocss Ha 5-0aiToBbIM OJIOK, K TUIY unsigned int
MPUBEAET K HETMPEACKA3yeMbIM MOCJIEACTBUSIM. DTO OoJblas npoodiema.

Pemuts 3T1 mpoGemMbl T1OBOJIBHO MPOCTO — HYXXHO MCIOJIb30BaTh TN unsigned char
B KayecTBe TuMa i “raitHoro uHaekca” (“stealth index”). CHUMBONBHBIN THUIT MO OMNpene-
JICHUIO UMEET pa3Mep, paBHbIN 1 GaiiT, MO3TOMY HUKAaKHUX MPOOJIEM, CBI3aHHBIX C BHIDABHU-
BaHMEM YYacTKOB MMaMSTH HE BO3HUKAET, MOCKOJIbKY Jaxe yKa3aTejb Ha OTACJbHYIO SYeHKY
MaMsITU CChIJIAETCSl HA MEePEMEHHYI0 TuMa unsigned char.

OTO NPUBOAUT K OrPAaHWYEHUIO MaKCMMAJILHOTO KOJMYecTBa OJIOKOB B OOBEKTE Kiacca
Chunk, mockoibKy B HEM He MOXET ObITh OoJibllie, YeM UCHAR_MAX OJIOKOB (B OOJIBLIMHCTBE
CUCTEM 3Ta BeJIMUMHA paBHA 255). DTO BIIOJHE TIPUEMJIEMO, AaXe eCiv pa3Mep OJI0Ka JeiCTBU-
TeJIbHO MaJl, HanpuMep, oT 1 10 4 6aiiT. DTO OTHOCUTCSI U K Oojiee KPYMHBIM OJIOKaM, MOCKOJIbKY
B JIOOOM cityyae 00BbeKThI Kitacca Chunk 1o orpeaeneHuIo JOKHbBI ObITh MaJIeHbKUMMU.

DyHKIMs pacnpenesieHus] aMsITh U3BJeKaeT OJI0K, Ha KOTOPbIi CChLIAeTCsl IepeMeHHast
firstAvailableBlock_, u ycTtaHaBIMBaeT ee Ha CIEIYIONIMI CBOOOMHBIN OJIOK — TUIHY-
Hasl omepauus Haj CIIMCKaMMU.

void* Chunk::Allocate(std::size_t blockSize)

if (!blocksAvailable_) return 0;
unsigned char* pResult =

ppata_ + (firstAvailableBlock_ * blockSize);
// NpuceoeHne nepemeHHon firstAvailableBlock_
// yKasaTens Ha cneaywuuin cBobofHbin 650K
firstAvailableBlock_ = *pResult;
--bTocksAvailable_;
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return pResult;

}

Hrak, dyHkuusa Chunk::Allocate coCTOMT M3 OOHOM oOmepaldu CpPaBHEHMS, OTHOM
omnepanuy J0CTyIa Mo WHAEKCY, ABYX ONepaluii pa3bIMEHOBaHUs, TIPUCBAaUBaHUs U Olepa-
TOpa AEKpeMEeHTalluu — BIOJHe npuemiuemo. Eie Gonee BaXHO TO, YTO B 3TOM (YHKUMU
He BBbIMOJHSIETCS orepauus noucka. Ha puc. 4.5 mokazaHo cocTosiHUe OObeKTa Kiacca
Chunk 1ocsie BBIMOJIHEHMS TIEPBOI OTepaliuy pacrpeneeHus aMsITh.

2
pData_
firstAvailableBlock_: 0
... 251 6n0K...
blocksAvailable_: 254
254
255

Puc. 4.5. Cocmosnue obsexma knracca Chunk nocne évinoaveHus
nepeoll onepauuu pacnpedeseHuss namamu. 3aHamas namsmo
6bl0eseHa cepbiM UBemom

DyHKIMS OCBOOOXAEHHUs TMaMsSITU paboTaeT B TOYHOCTM HaobopoT. OHa BO3BpalllaeT
0JIOK B CITMCOK CBOOOAHBIX OJIOKOB M yBEJIMUMBAET 3HaueHUe TNepeMeHHou blocksAvail-
able_. He 3a0ynbre 0 HEOOXOOMMOCTM IepenaBaTb pa3Mep OJIoOKa B KAayecTBe IapameTpa
(yukiuu DealTlocate, MOCKOJIBKY 00beKTYy Kiacca Chunk OH HEM3BECTEH.

void Chunk::Deallocate(void* p, std::size_t blockSize)

{
assert(p >= pbata_);
unsigned char* toRelease = static_cast<unsigned char*>(p);
// NpoBepka BbipaBHMBAHUA
assert((toRelease - pbata_) % blockSize == 0);
*toRelease = firstAvailableBlock_;
firstAvailableBlock_ = static_cast<unsigned char>(
(toRelease - pbata_) / blocksize);
// NpoBepka yceyeHus
assert(firstAvailableBlock_ ==
(toRelease - pbata_) / blocksize);
++blocksAvailable_;

}

DYHKIIMS OCBOOOXIECHMS TaMSITU Heborata comepkaHWeM, OTHAKO B HEM COmEPKUTCS
JOBOJIBHO MHOTO AMArHOCTUYECKMX YTBEPXKICHMIA (KOTOPBIE ITO-IIPEXHEMY HE ITE€PEXBAThI-
BalOT Bce OIIMOOYHBIE cuTyaruu). CTpykTypa Chunk BIojHe COOTBETCTBYET TPaIWIIMOHHBIM
MeXaHMU3MaM pacIipefeacHusT mamMsTi, IpuHATEIM B s13bikax C u C++. Eciu BbI Iepegagure
dyakumm Chunk: :Deallocate HeBepHBII yKa3aTeb, IPUTOTOBETECH K XYIIIIEMY.

4.5. Knacc FixedAllocator

Ha CJICOAYIOIIECM YPOBHE MEXaHMU3Ma pacrpeacjacHusA naMATH IJIsd HEOONbIINX 0OBEKTOB
HaxoguTcs Kiacc FixedAllocator. DToT Kiacc pe€aHa3sHAauYCH 1A paCrpeacICHUA IMmaMATu
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npu padore ¢ 6J0KamMu (PUKCUPOBAHHOTO pa3Mmepa, NMpUYeM BTOT pa3Mep He 00si3aH COOT-
BETCTBOBATb pazMepy nopiuu. OH orpaHUYeH TOJbKO Pa3MEPOM JOCTYMHON MaMSITH.

Hnsa storo ob6bekT kiacca FixedAllocator oOpa3yeT BeKTOp 00beKTOB Tuma Chunk
[Ipy mocTymieHMM 3ampoca Ha paclipelejcHue maMsIiTU OO0beKT Kiacca FixedAllocator
OTBICKMBAET TMOAXOAAIINI 00beKT Kiacca Chunk. Ecny Bce mopuuu 3aHsSIThI, OOBEKT Kiacca
FixedAllocator co3maeT HOBbIIi 00BEKT Kiacca Chunk. BOT Kak BBIIJISIAUT 3Ta 4acTb OIpe-
NeJIeHUs Kjacca

class FixedAllocator

{
private:
std::size_t blockSize_;
unsigned char numBlocks_;
typedef std::vector<Chunk> Chunks;
Chunks chunks_;
Chunk* allocChunk_;
Chunk* deallocChunk_;

};

Y1o0bl yckopuTh paboTy, Kiacc FixedAllocator He mnepeOMpaeT 3JIEMEHTHI BEKTOpa
chunks_ B mouckax TOIXOMSILEro yyacTKa MamsiTh MpM KaxaoMm 3ampoce. Bmecto storo B
00BbEeKTe XpaHUTCSl yKaszaTesdb Ha MOCHAeqHUI O00beKT Kiacca Chunk, KOTOpbI MCMONb30BAICS
Mpu pacripeneieHuu namsatu (nepemeHHasi alTocChunk_). [1pu nmoctyrieHrur HOBOTO 3arpoca
yukuus FixedAllocator::Allocate cHayaja TpoBepsieT, AJOCTATOUYHO JIM IaMsITU B IOpP-
LIMU, Ha KOTOPYIO CchlaeTcs ykaszareiab allocChunk_. Eciu aToT 00BEKT YAOBIETBOPSIET Tpe-
0OBaHMUSIM 3ampoca, TO UCIOJNb3YeTCs UMEHHO OH. Ecu HeT, BBINOHSIETCS JUHEMHBIN MOUCK
(1, Bo3MOXHO, B BekTOp chunks_ 3amuckiBaeTcss HOBbIIE 00BEKT Kiacca Chunk). B mo6Gom
ciaydae ykazatenb allocChunk_ ycTaHaBavBaeTCsl Ha HaWIEHHBIA WM BHOBb CO3MIaHHBIA 00b-
eKT kiacca Chunk. Takoii TOmXom MOBBILIAET BEPOSITHOCTbh TOTO, YTO B CIEMYIONIMI pa3 pac-
npeaeaeHue naMsty OyleT BhIMOJHEHO ObICTpo. BOT Kak BBIMJISIAUT KO 3TOTO ajlropyuTMa.

void* FixedAllocator::Allocate()

if (allocChunk_ == |
allocChunk_->bTocksAvailable_ == 0)

{
// B AaHHOM 0bbeKkTe MaMATW HeAO0CTaTOYHO.
// NonpobyriTe HaWTWU APYron.
Chunks::iterator i = chunks_.begin(Q);

for (;; +=1)
{
if (i == chunks_.end())
{
// Bce 0bbeKTbl 3anosiHeHbl — jJobaBnfaeM HOBbIN.
chunks_.reserve(chunks_.size()+1);
Chunk newChunk;
newChunk.Init(blockSize_, numBlocks_);
chunks_.push_back (newChunk) ;
allocChunk_ = &chunks_.back();
deallocChunk_ = &chunks_.back();
break;
}
if (i->blocksAvailable_ > 0)
{

// 0b6beKkT HamnaeH
allocChunk_ = &*1i;
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break;

}

assert(allocChunk_ != 0);
assert(allocChunk_->blocksAvailable_ > 0);
return allocChunk_->Allocate(blockSize_);

}

[IpunepxuBasich 3Toil cTpareruu, kKiaacc FixedAllocator ymaoBieTBOPSIET OOJBIIMHCTBO
3aIIpOCOB 32 OJHO U TO Xe€ Bpemsi. [Ipu 3ToOM MOryT BO3HUKATh HEKOTOpPbIE 3aJepKKH, 00y-
CJIOBJICHHbIE TTOMCKOM M [100aBJIeHMEM HOBBbIX OJ0KOB. MHorma sta cxema MoxeT paboTraTh
HeapdekTnBHO. OnMHAKO Ha TPaKTUKE TakKue ciiydyad BcTpeualoTcs peako. He 3abbiBaiite,
YTO y KaXJIOr0 MeXaHu3Ma pacrnpeeeHNs] MaMsITh €CTb CBOSI aXWJUIecoBa IsITa.

OcBoboxieHne namsaTu — OoJjiee CIoXHas 3ajaya, MOCKOJbKY OINpeaeieHHasl YacTh MH-
(opmanum oTcyTcTBYeT. Y Hac ecThb JIMIIb yKa3aTesib Ha 0CBOOOXIaeMylo o0JacTh MaMsTH,
W HaM HEU3BECTHO, KAKOMY MMEHHO OO0bekTy Tuma Chunk oH mpuHamiexuT. Mbl Moxem
MPOCMOTPETh COAEPXUMOe BekTopa chunks_, mpoBepsisi, JEXUT JIM NaHHBIA yKa3aTeib B
nMara3oHe OoT pData_ g0 pData_ + blockSize_ * numBlocks_. Ecim ma, To ykazaTenb
cienyet nepenath (pyHKIMu-wieHy Deallocate cooTBeTCTBYIOLErO 00beKTa Kiacca Chunk.
O4eBuAHO, YTO ITOT MOUCK TpedyeT 3arpar BpeMeHU. HecMoTpsi Ha To UTO ornepauus Bblae-
JIEHUsI TIaMSITU BBITIOJIHSIETCS OBICTPO, Mpoliefypa ydaJleHUs 3aHUMaeT JMHEWHOe BpeMmsi.
HTak, Hy>KHO Kak-TO YCKOPUTb 3TOT MpoLiecc.

[l1s1 3TOrO0 MOXXHO TIPUMEHUTh BCIIOMOTaTeIbHBIN k3w (cache memory). Korna nosns3oBatesnb
0CBOOOXIaeT OJIOK, UCIOJb3ys BbI3oB FixedAllocator: :Deallocate(p), oObEKT Kiaacca Fix-
edATlocator He mepenaeT ykasatesib p O0OpaTHO COOTBETCTBYIOIIEMY OOBEKTy Kiacca Chunk, a
3aMMCBIBAET YKA3aTesIb P BO BHYTPEHHIO MaMsTh — K31, B KOTOPOM XpaHsITCsl CBOOOIHBIE OJ10-
ku. [1py mocTyruileHMr HOBOTO 3ampoca 00beKT Kiacca FixedAlTlocator cHavana IpocMarpuBa-
eT koul. Ecam oH He mycT, 00beKT M3BJIEKAET U3 K3Illa MOCIEIHUI JOCTYIHBIN yKazaTelb U He-
MEIUIEHHO BO3BpalllaeT ero oopaTHO. DTO oueHb ObIcTpasi omepaivs. ToJbKO KOraa Kall Omyc-
TollleH, OOBEKT Kiacca FixedAllocator BbIHYXIEH BBITIOJHUTh CTAHIAPTHYIO TIPOLIERYPY
pacripeieieHus1 mamsiTi JJisi oobekTa kiacca Chunk. Dta MHoroobGellaolas cTpatervsi B HeKO-
TOPBIX JOCTATOYHO PACHPOCTPAHEHHBIX CITydyasiX paboTaeT TUI0XO.

I1pu pacnpeneneHUn NaMsTH 11 HEOOIBIIMX OOBEKTOB BO3MOXKHbBI TAKUE CUTYaLIMU.

o Pacnpedenenue namamu 041 0604bwo020 maccuéa OanHbix. B TIaMsiTM OZHOBPEMEHHO
pa3MelaeTcsl 6OJbIIoe KOJIMUECTBO MEJIKHUX OOBEKTOB. DTO MPOMCXOIUT, HAIIPUMED,
TPY MHUIMAIM3alMKY Habopa yKas3arejield Ha MaJIeHbKUEe OOBEKTHI.

o Yoanenue 6 mom dce nopsoke. Bonbllloe KOJUUYECTBO MEJIKMX OOBEKTOB yAAISETCS B TOM
K€ TIOpSIIKE, B KOTOPOM OHUM ObUIM pa3MElIeHBbl B MaMSITU. DTO TIPOMCXOAUT TIPU Pas3py-
LIEHNK GOJBLIMHCTBA KOHTEHHEPOB U3 CTAHAapTHOM OubmoTeku madiaonos STL!.

o Yoanenue ¢ obpamuom nopsoke. bosbllioe KOIMUECTBO HEOOIBILINX OOBEKTOB yAAISET-
¢4 B TIOpsIKE, OOPAaTHOM MOPANKY MX pa3MelleHus B namAaTu. g mporpamm, Haru-

I Cranpapt s3bika C++ He onpesessieT MOPSIOK YHUUTOXEHMs OObEKTOB, COAEPKALIMXCS B CTaH-
JapTHOM KoHTeliHepe. CiieoBaTebHO, KaXAbli MPOrpaMMUCT, 3aHUMAIOIIMIICS peanu3alueil si3bIka,
MOXET BBIOMpPATh 3TOT MOPSIIOK MO CBOEMY YCMOTpeHMI0. OObIYHO KOHTEHHEPHl pa3pylIaloTcs C I0-
MOUIbIO MPOCTOrO MPSIMOTO TMOBTOpeHUsI. OIHAKO B HEKOTOPBIX peajn3alusix pa3pabOTYMKKU COUWIU
“0oJiee €CTECTBEHHBIM” YHUYTOXaTh OOBEKTHI B OOpPaTHOM Mopsiake. B 060CHOBaHKME 3TOrO IMPUBOIUT-
cs dakT, uTo B si3bIKe C++ 0OBEKTHI pa3pyllaloTcsl UMEHHO B OOPaTHOM MOpSIZIKE.
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CaHHBIX Ha sA3bIKe C++, 3TO BMOJHE €CTeCTBEHHAsI CUTYallUsl TIPY BBI3OBE (DYHKIIMIA,
paboTarolux ¢ HeOOJbUIMMU O0bEeKTaMU. APTYMEHTbl QYHKIIMU U BpeMEHHbIE Tepe-
MEHHBIE CTeKa COOTBETCTBYIOT UMEHHO 3TOMY CJIydJaro.

o [Ipoussoavroe pazmeuwjenue u yoanrenue. OOBEKTbI CO3JAIOTCS U YAAISIOTCS O€3 ornpe-
JIEJICHHOTO TTOpsiAKa. DTO MPOMCXOAUT, KOrAa MpPU BHIOJIHEHUM TPOTrpaMMbl BpeMs
OT BPpEMEHM BO3HMKAET HEOOXOOMMOCTh B HEOOIBIINX OOBEKTaX.

Crparerusi K3LIMPOBAHNS OYEHb XOPOIIO COOTBETCTBYET CUTYallMU, TIPU KaXKION 00bEeK-
Thl pa3MellaloTCs U YAAJSIIOTCS B MPOU3BOJIBHOM TMopsiake. OgHAKO MPpU pasMElIeHUM U
yaajieHuu OOJbIIOr0 MacCHMBa MaHHBIX KIIIMPOBAHME OKAa3bIBAETCS OECIoe3HbIM. XyXe
TOTO, OHO 3aMeUISIET MpoLecC YAAJTeHUs OOBEKTOB, MOCKOJbKY KaXXAbIi pa3 TpaTUT IOMOJ-
HUTENLHOE BpeMsl Ha OYMCTKY 6ydepa.?

Jlydie Bcero mMpUMEHSITh CTPATETvIoO yaaJleHNsT OOBbEKTOB, COBMAAIOIIIYIO CO CTpaTeTMel uxX
pasmelieHuss B namsitu. IlepemeHHasi-wieH FixedAllocator: :deallocChunk_ yka3biBaeT Ha
MocjeHNI 00BEeKT Kiacca Chunk, KOTOpbIN ObUT MCMOB30BaH IS yaajieHus u3 namstu. Kak
TOJIBKO MOCTYMAET 3alpoc Ha ylajleHue, 9Ta MepeMeHHasi MpoBepsieTcsl NMepBoii. 3aTeM, eclii OHa
CCbIJTaeTCSl HAa HEeBEpHbIN 00beKT Thna Chunk, dyHKiMs Deallocate HaYMHAET JIMHEHHBIN TMO-
HCK, OOHapyXHUBaeT TpeOyeMblii OOBEKT U OOHOBIISIET epeMeHHYI0 deallocChunk_.

Ecth nBa BaxXHBIX MpueMa, MO3BOJSIONIMX YCKOPUTh paboty dyHkuuu Deallocate B
yKa3aHHbIX Bblllle cuTyauusix. Bo-nepBbix, dyHKIMs Deallocate BBIMOJHSET MOUCK TMOM-
Xofsiiero oobekTa kjnacca Chunk, HauymHasi ¢ okpecTHOCTH ykazartess deallocChunk_. OTo
3HAYUT, YTO BeKTOp chunks_ mpocMaTpuBaeTcsi, HaUMHasl ¢ nepeMeHHoi deallocChunk_, a
CJIeMYIOIIMMU TIPOBEPSIFOTCSI UTEPATOPbI, HAXOMSIIMECS BbIIIE W HUXE. DTO 3HAYUTEIHHO
MOBBILIAET CKOPOCTh YAaJ€HUsI OOJbIIOrO0 MaccvMBa JAHHbBIX MPU JIIOOOM MOpPSIKE yOaJIeHUS
(mpsimom wmnu obpatHoM). Bo Bpemsi pasMelnieHHsT OOJBIIOTO MacCcUBa JAHHBIX (DYHKIIMS
AlTlocate nobGasisieT 00beKThl Kiaacca Chunk mo mopsinky. Bo Bpemst ynaneHust 1ubo ykasa-
teab deallocChunk_ cpa3y momnagaeT B TOUKY, JTMOO MpaBUJIbHBIN OOBEKT OyIeT OOHapyKeH
Ha CJIeAyIoLIEeM Luare.

Bo BTOpOM Tproke ciiemayeT uzberatb KpailHUX BapuaHTOB. [lomyctum, oba ykasarenst al-
TocChunk_ u deallocChunk_ cchuiaroTcs Ha MOCAeAHUN OOBEKT B BEKTOPE, M CBOOOJHOTO
MecTa B 3TOM MHOXECTBE He ocTajioch. [IpencTaBbTe, YTO TPOU30MIET, €cii OyAeT BBITOJI-
HATBCS CJIENYIOLINIA KO,

for (...)
{

// HeKkoTopble WUHTEeNNIeKTya/ibHble yKa3aTenu UCNOoNb3ywT CBOM
// MexaHu3M pacnpepeneHus namaTu AN HebonblWMX 06bEKTOB
// (rnaBa 7)
SmartPtr p;

MCNoNb3yeTCa yKasaTenb p

}

[Mpu xaxa0M Mpoxoje UK CO3MAETCS M YHUUTOXKAETCS 00beKT Kiacca SmartPtr. [Ipu
co3MaHMM OOBEKTa, MOCKOJbKY TaMsTH Oojblie HeT, ¢yHKuusa FixedAlloca-
tor::Allocate co3maeT HOBBI OOBEKT Kjlacca Chunk u 3aHOCHUT ero B BeKTop chunks_.
IMpu paspyiieHun obwvekTa yHKUMsT FixedAllocator::Deallocate oOHapyXuBaeT myc-

2 MHe He yzajloch cO31aTh Pa3yMHYIO CXeMY K3IIMPOBAHUsS, KOTOpasi ONMHAKOBO XOPOLIO paboTa-
Jla Obl TIpY yIaJeHUH OOBEKTOB B MPSIMOM UM OOpaTHOM Topsiiake. KalmpoBaHWe HAHOCUT Bpeln JKGO
OIHOMY, 160 Apyromy mporeccy. [TockoibKy 00¢ CUTyalli YacTO BCTPEYAIOTCS B PeabHBIX MPO-
rpamMmax, K3IIMPOBaHUE JIyYllle He TIPUMEHSITh.
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TOI OJIOK U OCBOOOXIAET ero. DTU 3aTpaTHbIE MPOLEAYPhl MOBTOPSIOTCS Ha KaXa0i uTepa-
v uukia for.

Taxas HeaddexkTrBHAs pabota HenomycTuMa. CreqoBaTeIbHO, BO BpeMsl yaaJleHUsI 00b-
eKT Kjacca Chunk a0KeH OCBOOOXKIATHLCS, TOJBKO €CJIM €CTh dga MYCThIX O0BEKTa 3TOro
kinacca. [Ipy HAIMYKMKM TOJIBKO OMHOTO IyCTOTO y4yacTKa OH OBICTPO TepeMellaeTcss B KOHel]
BekTOopa chunks_. TakuM o0Gpa3omM Mbl M30eraeM BBHINIOJHEHUS 3aTpaTHBIX OIepaluii vec-
tor<Chunk>::erase, Bcerna ynassisi JUIb MOCAEAHUN 3JIEMEHT.

PazymeeTcsi, MOryT BOZHUKHYTb CUTYyallMW, NMPU KOTOPBIX TAKOW MOAXOA HEMPUMEHUM.
[Ipu pasmenieHnu B LUKIE BEKTOpa OOBEKTOB Kjacca SmartPtr omnpenesieHHOro pasmepa
MOXET BO3HUKHYTb Ta Xe mnpobjema. OJHAKO Takuhe CUTyallud BCTPEYalOTCsl BCe pexe U
pexe. Kpome Toro, kak ykasplBajloCh BO BBEIACHUMU, 1000l MEXAaHU3M PACTIpEele/IeHUST Mamsi-
TA B OMPEAETEHHBIX CUTYaLMsIX MOXET OKa3aThCsl Xy>KE€ OCTaJIbHbBIX.

BriOpanHas ctparerusi ynajieHusi 00beKTOB XOPOIIO COOTBETCTBYET MPOU3BOJBHOMY TIO-
pAIKY MX co3faHus. [laxe eciu NaHHbE pa3MellaMCh 0e3 OINpeAesIEeHHOro Mopsiaka, Mpo-
rpaMMbl CTPEMSITCSI JOCTUYb OTpeeeHHOM 1okarsHocmu (locality), Kaxaelii pa3 obpaiiasich
K HeOOoJbIoN nopuuu NaHHbIX. YKa3areau allocChunk_ u deallocChunk_ B aTux curtya-
Husix paboraloT 0e3yKOPM3HEHHO, TOCKOJIbKY IS TIOCTEIHUX pa3MeIlIeHUl W yaajieHui
OOBEKTOB 3TU yKa3aTeJau ACHCTBYIOT KaK K3LL.

Hrak, y Hac ectb Kiacc FixedAlTlocator, noctaToyHo 3()(HEKTUBHO YAOBIETBOPSIOLINIA
3aMpochl Ha pacnpeaeeHue namsITi GUKCUPOBAaHHOTO pa3dMepa Kak ¢ TOUKW 3peHUs 3aTpa-
YMBAEMOIO BPEMEHM, TaK M C TOYKU 3peHUs rcrnojb3oBaHust namsaTu. Kinacc FixedAlloca-
tor ONTMMU3UPOBAH JJII pabOThl C HEOOJBIIMMU OOBEKTAMU.

4.6. Knacc SmallObjAllocator

Tpetuii ypoBeHb Hallleil apXWTEKTYpbl MEXaHW3Ma paclpelesieHUs] MaMsSITU COCTOUT M3
kinacca SmallobjAllocator, MO3BOJSIONIETO pa3MellaTh B MaMsTU OOBEKTHI JIOOOTO pas-
Mepa, OOBbeAMHSISI B OMHO IIEJ0€ HECKOJIbKO 00BbeKTOB Kiacca FixedAllocator. Ilomyuyus
3aIMpoc Ha pacrpeesieHrue maMsT, o0beKT Kiacca SmallobjAlTocator nubo nepeanpecyer
ero HauboJjiee TMoaxoasiueMy o0beKTy Kiacca FixedAllocator, q1ubo mepenact ero orepa-
TOpY ::operator new.

Huxe mpuBeneHo Kpatkoe onucaHue kiacca SmallobjATlocator. OObsICHEHUS OalOTCs
rnocje Koja.

class smallobjAllocator

{
public:
SmallobjATTocator(
std::size_t chunkSize,
std::size_t maxObjectSize);
void* Allocate(std::size_t numBytes);
void Deallocate(void* p, std::size_t size);

private:
std: :vector<FixedAllocator> pool_;
};
KoHcTpykTOp mosnyyaer aBa mapameTpa, ONnpenesolnx KoH(purypauumo oobeKTa Kiacca
smallobjATTlocator. [Tapamerp chunkSize 3amaer pasmep ydyactka MmamsT, IPUHATHINA 110

YMOJIUaHUIO (JUIMHA KaXIoro oobekTa kiacca Chunk, BelpaxkeHHasi B 0OaiiTax), a mapamerp
maxObjectSize 3amaeT MakCUMaJbHO BO3MOXHBIN pa3Mep OObEKTOB, KOTOPBIE €11 MOTYT

110 YacTb |. MeToapl



cyutaThesl “HebobMMu”. O0BbeKT Kinacca SmallobjATlocator nepeaapecoBbIBAET 3ampo-
Cbl Ha BbljieJIeHUE OJIOKOB, pa3Mep KOTOPBIX IMPEBBILIAET BEJIUYMHY maxObjectSize, Hemo-
CPEJICTBEHHO OIepaTopy : :operator new.

JoBoJIbHO HEeoObIYHO, uTO (byHKIIMsI Deallocate mojyyaeT pazmep OObEKTa, MOIIexKa-
IIEr0 yOAJIEHUIO, B KayecTBe aprymeHra. [leso B TOM, UTO 3TO TO3BOJISIET YCKOPUTH TPOLIeCC
ocBOOOXAeHUS mamsiti. B mporuBHOM ciyyae ¢yHkumsi SmallobjATlocator: :Deallocate
JIoJKHA ObLIa ObI MCKaTh Cpeau BceX 00BbEeKTOB Kiacca FixedAllocator B BeKkTOope pool_ TOT,
KOTOPOMY TPUHAIUIEXXUT JaHHBIM yKaszaTelb. DTO CIMILKOM 3aTpaTHasl Mpolieaypa, Mo3TOMY
00bekTy Kkinacca SmallobjATlocator HyXHO TepeaaBaTh pa3Mmep ynaiaseMmoro osoka. Kak Mbl
YBUIIUM B CJIEAYIOLICH I1aBe, 3Ta 3a7aya MU3SIIHO PellaeTcsl CAMUM KOMIUJISITOPOM.

Kakoe orobpaxkeHue CyliecTByeT Mexay pasmepoM 0jioka B oobekTe FixedAlTlocator u
BEeKTOpOoM pool1_? MHBIMM clOBaMM, KaK IO 3aJaHHOMY pa3Mepy OTBICKAaTh COOTBETCTBYIO-
muii 00beKT Kiacca FixedAllocator, KOTOpbIN BBITIOJNHSIET paclipe/ie/ieHue MaMsiTu U ee
ocBOOOXIEHUE?

IMpocras u acdexTrBHAS UIest 3aKiItOYaeTCsl B TOM, YTOOBI 3JieMeHT pool_[i] oOpabaTbiBan
00BbeKTHI pa3zmepa i. Bekrop pool_ vMHUIIMaIM3UpyeTcsl ¢ pa3MepoM maxObjectSize, a 3areM
VHULMAIM3UPYIOTCS Bce 00beKThl Kiacca FixedAlTlocator, conepxainuecs: B Hem. Eciu mocty-
MaeT 3alpoc Ha BbIICJIEHWE MaMsSITU pa3MepoM numBytes, 0O0beKT Kiacca SmallobjAllocator
repenaeT ero aubo aneMeHTy pool_[numBytes] (3Ta omepanusi UMeeT MOCTOSTHHOE BPeMsI BbI-
MOJIHEHMST ), JIMOO OIepaTopy : :operator new.

OpHako 3TO pellleHue He HACTOJIbKO yTavyHOe, KaK KaXKeTcs Ha TepBblid B3Msa. B koH-
KPETHBIX CUTYalUsIX HAM MOTYT MOHAJI00UTHCS PaCTpeNeIUTeNIM aMITH TOJBKO OJHOTO OIl-
penejeHHOro pa3Mepa, Hampumep 4 W 64 0aiiT, U1 HUKaKue Opyrue OOBEKTbI HE HYXKHBI.
B atoM cityyae mpumeTcst pacripenessiTh aMsITh Uit 64 1 OGOJIBIIETO KOJMYECTBA 3JIEMEHTOB
BeKTOpa pool_, XOTsS Ha caMOM JieJie MCITOIb3YIOTCSl TOJIbKO JIBa 3JIEMEHTA.

BbipaBHMBaHMEe pasMEpPOB M 3alOJHEHME MYCTOT ellle OoJiblie CHMXAIT 3¢hdeKTrBHOE
WCTIOJIb30BaHue MaMsiTi. Hampumep, MHOTHE KOMMUJISITOPBI AOTIOJHSIIOT BCE TUIIbI, OTIpee-
JIEHHbBIE MOJb30BaTesieM, 10 pa3Mepa, KpaTHOro 3alaHHoMy uuciy (2, 4 u T.4.). Hanpumep,
€CJIM KOMITUJIATOP JOTOJIHSIET BCE CTPYKTYpPbl 0 pa3Mepa, KpaTHOro 4, TO MCIOJb3yeTCs
TOJILKO 25% 31eMEeHTOB BeKTOpa pooT_, OCTaJbHBIC MPEACTABIISIOT COO0M GayltacT.

HaMmHOro nydine MmoXepTBOBaTh CKOPOCTHIO MPOCMOTPA, HO COKOHOMWTH MaMATH?. MBI
OyzneM XpaHUTh O0BEKTHI Kilacca FixedAllocator TOJNBKO IJIs TEX pPa3MEPOB MaMsITH, KOTO-
pble TpeOyroTcs XOTs1 Obl onMH pa3. Takum oOpa3oMm, BEKTOp Pool_ MOXET COAepXaTb
MHOTO OOBEKTOB pa3HOTO pa3Mepa, He CJIUIIKOM YBEIWYMBAsiCh. JJIsi TOrO 4TOOBI YyCKOPUTH
MPOCMOTP, BEKTOP poo1_ XpaHUTCS OTCOPTUPOBAHHBIM MO pa3dmepam OJIOKOB.

Kpome Toro, ycKopuTb poCMOTP MOXHO C TMOMOIIbIO CTpATErMu, KOTOpasl yXe Mnpume-
Hs1ach B Kiacce FixedAllocator. OobekT kinacca SmallobjAlTocator XpaHUT yKasartesb
Ha TocieqHui 00beKT Kiacca FixedAllocator, UCMOIB30BAaHHBIN TIPU OCBOOOXAEHUM Tia-
MaTU. Huxke npuBeaeH MOMHBINA CIIUCOK MEpEeMEHHbIX-WIEHOB Kjacca SmallAllocator.

class SmallobjAllocator
{

private:
std: :vector<FixedAllocator> pool_;
FixedAllocator* pLastAlloc_;

3 MakTuyecku B COBPEMEHHEIX CHCTEMaX SKOHOMMS MaMSTH BeIET K YCKOPEHHMIO paGoThL. DTo
MPOUCXOAUT Oarofapsi OrPOMHOM pa3HULIE MEXJY CKOPOCTbIO pabOThl OCHOBHOM MamsiTh (OOJIbLION U
MEIUICHHOM) M K3II-TIaMITH (MaJIeHbKOI M OBICTPOIi).
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FixedAllocator* pLastDealloc_;

};

Ilpy mocTymieHuM 3ampoca Ha BbIICJEHUE MaMsITH CHayajla MNpOBEpSIeTCS YyKasaTesb
pLastAlloc_. Eciu ero pa3mep He COOTBETCTBYeT oxumaaemMoMmy, GyHkius SmallobjATllo-
cator: :Allocate BbINOJHSIET OMHAPHBIN MOUCK B MaccuBe pool_. OcBoOOXIEHWE MaMSITU
OCYIIECTBJISIETCSI TPUMEPHO TakK ke. EAMHCTBEHHOE OTIMYME 3aKIIo4YaeTcs B TOM, 4YTO
dyukius smallobjAlTocator::Allocate MoXeT 3aKOHYUTh CBOIO pabOTy, BCTaBUB B
MaccuB pool_ HOBBIN 00bEKT Kiacca FixedAllocator.

Kak yxe oTmedasoch mpu o0CyxXaeHUM Kiacca FixedAllocator, 3Ta mpocras cxema
K3ILLIMPOBAHUS TMpeJHa3HaueHa JJIsi MHOTOKPATHOTO CO3JaHUsl M yAajeHUsT 0ObEeKTOB 3a IM0-
CTOSIHHOE BpeMS.

4.7. Tpiok

Ha nmocnenHeM ypoBHe Hallleil apXMTEKTYphl paciojioxkeH Kiacc Smallobject, 6a3oBbli
KJ1acC, WHKAMCYJIUPYIOINH (YHKIMOHATbHBIE BO3MOXHOCTH, TPEIOCTaBIEHHBIE KJIACCOM
SmallobjAlTocator.

Knacc smallobject neperpyxaer oneparopsl new u delete. Takum 006pa3om, nMpu co3-
TaHUU 00BEKTa KJjacca, MPOU3BOJHOrO OT Kjacca SmallObject, B meiicTBME BCTymaeT IMe-
perpyska, HampasJsioliasl 3arpoc 00beKkTy Kiacca FixedAlTlocator.

OmnpeneneHue kiacca Smallobject AOBOJBHO MPOCTOE, HO UHTEPECHOE.

class Smallobject

{

public:
static void* operator new(std::size_t size);
static void operator delete(void* p, std::size_t size);
virtual ~Smallobject() {}

};

Krnacc smallobject BHIMISIAUT BIIOJIHE HOPMATbHO, 32 UCKJIIOUEHWEM OIHON MaJleHbKOM
netanu. Bo MHOrux KHurax, MocBsilleHHbIX s13bIKy C++, Hampumep, B yuyeOHuKe Sutter
(2000), roBopuTCSs, YTO TpHU TMeperpy3ke onepatopa delete ero eAMHCTBEHHBIM apTYMEHTOM
IIOJDKEH OBITh yKa3aTesb Tvma void.

B si3ike C++ ecTb onHa Ja3eiika, KoTopas Hac oueHb MHTepecyeT. (HarmoMHuM, 4To Mbl
pa3pabotanu kinacc SmallobjATlTocator Tak, 4ToOBl pa3Mep OCBOOOXIAeMOro OjioKa Imepe-
naBaJjicsl Kak apryMeHT.) B cranmapTHoM BapuaHTe orieparop delete MOXHO Meperpy3uTh
IByMs crioco6aMu. [1epBblii U3 HUX BBINJISIAUT Tak.

void operator delete(void* p);
Btopoii cioco6 Takos.
void operator delete(void* p, std::size_t size);

DTa TeMa o4eHb NoapoOHO usnoxeHa B kHure Sutter (2000).

Ecnu ucnonb3yercst mepBblil Croco0, pa3Mep yhausieMoro 6ji0Ka MmaMsiTuU UTHOPUPYETCS.
OpfHako 3TOT pa3Mep HaM OYeHb HYXEH, MOCKOJbKY €ro cieayeT nepenaTb oObEKTY Kiacca
SmallobjAllocator. CienoBareabHO, HAM MOIXOAMUT JIMILIb BTOPOil CMIOCOO TIeperpy3Ku.

Kak 3actaBUTh KOMMWJISITOP aBTOMATUUYECKU OMpPeNeisiTb pasmep Osoka? Ha mepsblii
B3IJISIIT KAXETCSI, YTO [IJIS 3TOTO MOHAA0OUTCS NOTOJTHUTEbHAS MTaMsITh IS KaXA0To 00beK-
Ta, XOTSI UMEHHO 3TOTO MBI U CTPEMWJIMChH U30€XKaTh.

OnHako Ha caMOM Jiejie HUKAaKO JOMOJHUTEIbHON NaMITH He Tpedyetcsi. PaccmoTrpum
CIIEAYIOLIUI KOL.
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class Base

int a_[100];
public:

virtual ~Base() {}
};

class Derived : public Base

int b_[200];
public:

virtual ~Derived() {}
};

Base* p = new Derived;

delete p;
OOBeKThl K1accoB Base M Derived mMmeloT pasHbie pa3Mepbl. s TOro 4yroObl M30exXaThb
JIMIITHUX 3aTpaT TIaMsTH, CBA3aHHBIX C HEOOXOAMMOCTBIO XpPaHWUTh pa3Mep (haKTUYECKOTO
00BeKTa, Ha KOTOPBIN CChLIAETCsl yKazaTesb p, KOMITUISATOP MPUOETaeT K ClAeaylolleMy Tpro-
Ky: OH T€HEepUpYyeT KO, Paclo3HAUIMI pa3Mep Ha JIeTy. DTOr0 MOXHO JOCTUYb C TOMO-
LIBIO CJEAYIOUIMX YeThipex nmpuemMoB. (Boobpa3ute Ha HECKOJbKO MUHYT, YTO Mbl MEpPEBO-
TUIOTWJIMCh B Pa3pabOTYMKOB KOMIUJISITOPA M CHOCOOHBI TBOPUTH UyJeca, Ha KOTOpPbIE He
CIMOCOOHBI OOBIYHbBIE MPOrPAMMUCTHI. )

1. dectpykTopy miepenaercsi OyneBckuii mpusHak: “Bbi3biBaTh/HE BbI3bIBATH oreparop de-
Tete mocne paspylieHus: oobekTa”. JIeCTpyKTop Kiiacca Base BUPTyalieH, MOSTOMY B Ha-
1eM Tpumepe oreparop delete p OTHOCUTCS K TMpaBMIBHOMY OOBEKTY Kiacca Derived.
B atoM ciyyae pasmep 0ObeKTa M3BECTEH YK€ Ha STare KOMITWISLIMM — OH pPaBeH
sizeof (Derived) — ¥ KOMOWISITOP MPOCTO TEPEIAET 3Ty KOHCTAHTY oreparopy delete.

2. lecTpyKTOp BO3BpalllaeT padmep oObekTa. Mbl MoXeM cheiaTh Tak (Bedb Mbl CaMU
Hamucaly KOMIUJISITOP, He TMpaBjaa Ju?), YTOObl KaXblil AECTPYKTOP IMOCie paspylie-
HUs 00beKTa BO3Bpalllal BeJnunHy sizeof(Class). DTa cxeMa Takxke BITOJIHE pabo-
TOCIOCOOHA, MOCKOJBKY NECTPYKTOP Kilacca Base BupTyaseH. [locie ero BbizoBa cuc-
TeMa TIOAJEPXKKM BBITIOJTHEHUsI TIPOrpaMM BbI3OBET omepaTop delete, rnepenaBasi eMy
pe3yabTaT paboThl JeCTPYKTOpA.

3. PeanusyeTcsi ckpbITasi BUPTyalbHasi (QYHKIMSI-WIEH, MoJyyalolas pa3Mep oObekTa B
kavyecTBe aprymeHrta. Hazosem ee _Size(), Hanpumep. B atom cnyyae cucrema mom-
JIEP>XKKW BBIMOJHEHMST TPOrpaMM BbI3OBET 3Ty (DYHKIIMIO, COXPAHUT Pe3yJabTaT €€ pa-
0OTBI, YHUUTOXUT OOBEKT U BbI3OBET oreparop delete. Takasi peanuzaiysi MOXeT
rnoka3zatbcsl Hea(GhEeKTUBHON, HO €€ MPEeUMYIIECTBO 3aKI0YaeTcsl B TOM, YTO KOMITU-
JIITOP MOXET UCTOJIb30BaTh MYHKIIMIO _Size() W ISl IPYruX Leiei.

4. PazaMep HemocpenCTBEHHO XPaHUTCS TAE-TO B TaOIMIle BUPTYaJbHBIX (DYHKIIWN Kax-
JIoro kjiacca. D1o pelieHue U rudbko, u 3¢h@eKTHBHO, HO €ro HeJerko pean30BaTh.

(OxoHueH O6a, moraciv CBeur, U Mbl U3 Pa3pabOTIYMKOB KOMITWJISITOpA pa3XajloBaHbI B PSIOBBIE
nporpaMMucThl.) Kak BuauM, ISl TOro 4toObl nepenarh oreparopy delete mpaBUIbHBIA pa3Mmep
0Ji0Ka, KOMITWJISITOP TOJDKEH BBITIOJTHUTH JOBOJBHO MHOTO Pa0OThI. 3ayeM ke HaM TepsiTh 3Ty
MHGOPMALMIO Y BBIMOJHATL IPY KaXKIIOM yIJIEHUU 00beKTa MOUCK, PacxXomysl BpeMsi?

Benp Bce Tak xopoio ckiaasiBaetcst! O0bekTy kiacca SmalTAllocator HyXeH pa3mep
ynajassieMoro 6joka. Kommwisitop nepegaet eMy 3TOT pa3Mep, a 00beKT Kiacca Smallobject
repeagpecoBbIBAET ero 00beKkTy Kiiacca FixedAlTocator.

naBa 4. PasmelleHune B namMaT HebosblUMX 0ObEKTOB 113



BoJIBIIMHCTBO M3 MEpPeYMCAEHHBIX BbIILE PEUIEHU MPUHSTO B TMPEAMNOJOXEHUHU, YTO B
KJlacce Base omnpeesieH BUPTYaIbHbBIM AECTPYKTOP. DTO JUIIHUI pa3 AOKa3bIBAaeT, HACKOJb-
KO BaXXHO JIeJIaTh JI€CTPYKTOPHI MOJMMOP(MHBIX KJIaCCOB BUPTyalbHbIMU. Eciu 3tum Tpebo-
BaHMEM TpeHeOpeyb, ylaJeHWe yKa3aTelss TWMa Base, KOTOPbIA Ha CaMOM JeJie CChUIaeTCs
Ha O0BEKT MPOM3BOJHOIO KJjacca, MOXET MPUBECTU K HEMpeacKazyeMbIM pesyiabTaTam. B
3TOM CJIy4ae MEXaHU3M paclpelesieHUs] MaMsATU B PeXUMe OTJIaAKU MPpUBENET K cpabaTbiBa-
HUIO MaKpOCOB assert, a B pexxuMe NDEBUG MPOCTO BbI30BET Kpax TMporpaMmbl. Kaxmabrit
M3 Hac COIJACUTCS, YTO TaKOoe MOBEJeHNE MOXHO CUMTATh “HerpenckazyeMbiM”.

s Toro 4toObl He 3a00TUTHCSI 00 3TOM (M HE MPOBOAUTH OECCOHHBIE HOUM, OTJIaXKMBAsI
MporpaMmy, eciy Bbl BIPYT 3a0ymeTe O TOM, YTO CKa3aHO BhIlIEe), B Kiacce Smallobject
orpeieJieH BUPTyallbHbIN AecTpykTop. JI1000ii Kacc, MpoM3BOAHBIN OT Kjiacca Base, Haclye-
JyeT ero BUPTYaJIbHBII AeCTPYKTOp. DTO MPUBOLUT HAC K peanu3aluu kiacca Smallobject.

Bo BceM mpusiokeHUM HaMm HYXXeH OJVWH-eIWHCTBEHHBbIN 00beKT Kiacca SmallobjAllo-
cator. DTOT 00BEKT JOKEH ObITh NMPABUIBLHO CO3MaH U MPaBUJILHO pa3pylleH, YTo caMo Mo
cebe tpynHo. K cuactbio, 6ubnuoreka Loki mo3BosisieT pemuTh 3Ty MpodJieMy C TOMOILBIO 111a0-
JIOHHOro kiacca SingletonHolder, omucanHoro B miase 6. (KoHeyHO, OTCbIIaTh Bac K Clie-
JYIOIIMM TJIaBaM JIOCAJHO, HO €llle JOCAIHEEe MOTepsiTh BO3MOXKHOCTb MOBTOPHOIO HCITOIb30Ba-
Hust koma.) IToka MOXHO paccMmarpuBath Kiacc SingletonHolder kak MexaHU3M, MO3BOJISIO-
LM OCYIIECTRISITh YIIPaBJI€HUE €IMHCTBEHHBIM 3K3eMIUIIpoM Kiacca. Eciv 3ToT kimacc mmeer
MMS$1 X, IIAOJOHHBII KJTacC KOHKPETU3UpPYeTCsl Kak Singleton<X>. 3ateM, JUIsl TOTO YTOObI MOJy-
YUTb JOCTYN K €IMHCTBEHHOMY 3K3eMIUISIpY 3TOTrO KJjlacca, HY>KHO BbI3BaTh (PyHKIMIO Single-
ton<X>::Instance(). LllabmoH npoektupoBaHusi Singleton (OmuHOYKA) OMUCAaH B KHUIE
Gamma et al. (1995).

HMcnonb3oBaHue kiacca SingletonHolder mo3BojsieT Ype3BbIYAHO MPOCTO pPeaU30-
BaTh KJjacc Smallobject.

typedef SingletonHolder<smallobjAllocator> MyAlloc;
void* Smallobject::operator new(std::size_t size)

return MyAlloc::Instance().Allocate(size);
void sSmallobject::operator delete(void* p, std::size_t size)

MyAlloc::Instance().Deallocate(p, size);

4.8. NMpocTo, C/I0XKHO U CHOBA NPOCTO

Peanuzanus kinacca smallobject okazanach A0BOJIBHO MpocToil. OQHAKO Ha caMOM Jie-
Jie He BCE TaK MPOCTO — Beb OCTAJIMCh HEPEUIEHHBIMU MPOOJIEMbI, CBI3aHHBIE C MHOTOIIO-
TOYHOCTbI0. EAMHCTBEHHBIN 00BeKT Kiacca SmallobjATlocator ucnonb3yercss BCEMU K-
3eMILIsIpaMu Kiacca Smallobject. Eciau 3Tu aK3eMILISIpbl MIpUHAMIEXaT pa3HbIM MOTOKaM,
TO 00BeKT Kiacca SmallobjAllocator mpuaeTcs: pacnpenensaT Mexay HumMu. Kak ykazaHo
B NMPWJIOXEHWU, B 3TOM CJIy4yae HYXXHO MpPeaNpUuHUMAaTh crielMaibHbie Mepbl. Kaxercs, Ham
MPUIETCS MPOUTUCH TI0 BCEM YPOBHSM Hallleil apXUTEKTYpbI, BbIACIUTh KPUTUUECKHE OIe-
pauuu 1 100aBUTh COOTBETCTBYIOILYIO OJIOKUPOBKY.

OnHaKO MHOTOIOTOYHOCTh HE SIBJISIETCS HEpA3pelInMOl Mpo0aeMol, TTOCKOJIbKY B OuO-
soteke Loki yxe ompeneneHbl MeXaHU3Mbl CUHXPOHU3ALMU OOBEKTOB BBICOKOTO YPOBHSI.
Crenysi moroBopke “Jy4iivMii crmoco0 TMOBTOPHOTO MCITOJIb30BaHUS KOAa — €ro TMpUMeHe-
HUe”, BKJIIOYMM 3arojioBOUHbIN (aitn Threads.h u3 6ubauoreku Loki u BHecem B Kjacc
smallobject cienmyiole U3MeHeH s (OHU BbIIEIEHBI MOJYKUPHBIM LIPUMTOM).
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template <template <class T> class ThreadingModel>
class Smallobject : public ThreadingModel<Smallobject>
{

1

OHpeZ[CJ'[CHI/IH oreparopoB new 1 deTete Takxke MOJBEPratoTCs MUIACTUYECKOM OIepalvu.

KaK W paHblie

template <template <class T> class ThreadingModel>
void* Smallobject<ThreadingModel>::operator new(std::size_t size)
{

typename ThreadingModel<Smallobject>::Lock lock;

return MyAlloc::Instance().Allocate(size);

}

template <template <class T> class ThreadingModel>

void Smallobject<ThreadingModel>: :operator delete(void* p,
std::size_t size)

{

typename ThreadingModel<Smallobject>::Lock lock;
return MyAlloc::Instance().Deallocate(p, size);
}

Bor u Bce! Bce Humkenexainme ypoBHM Halllell peaad3alliy M3MEHSITh HE HYKHO — HX
(GYHKIIMOHAIbLHBIE BO3MOXHOCTH YK€ 3allMILEeHEI OJIOKMPOBKOM Ha BEpXHEM YPOBHE.

CHHIATOHBI U MEXaHU3Mbl MHOTOIOTOYHOCTH, IMPEAyCMOTpeHHbIe B Oubanoreke Loki,
CBUICTEILCTBYIOT O MOTYILIECTBE ITOBTOPHOTO MCITOJBb30BaHMS Koma. Kaxnmplii M3 3THX BO-
MPOCOB — BPEMSI XXU3HU I10OAJTbHOM ITEPEeMEHHON M MHOIOMOTOYHOCTh — I10-CBOEMY CJIO-
XeH. IlpeogoneTs 3TU CJIOXHOCTM Ha OCHOBE MEPBOro CIiocoba peanu3alvu Kiacca Smal-
Tobject cauilkoM TPyIHO — XOTSI ObI TTOTOMY, YTO B Kyacce FixedAllocator npuxoaurtcs
BBIIOJIHSITh KAIIMPOBAaHME IPU WHUIAAIM3ALUKA OITHOTO M TOTO Xe O0BEeKTa IS KaXXKIOro
MOTOKA B OTAEIbLHOCTH.

4.9. MNpumeHeHune

B aTOM pasnene mokaszaHo, Kak MCIOab30BaTh dait Smallobj.h B mpuioxeHusx.

[nsa Toro 4toObl MpUMEHUTH Kiacc SmallObj, HYXHO 3amaTh COOTBETCTBYIOILIME Tapa-
MEeTpbl KOHCTpyKTOpa Kiacca SmallAllocator: pasamep o0bekTa kKjacca Chunk u makcu-
MaJbHBI pa3Mep OOBEKTa, KOTOPBI MOXET elle CUYMTAThCs HeOoabmuM. YTo 3HAYUT
“HebosblIoN” 00beKT? Kakne pasmepsl cuuTaloTcs “HeOOabIIUMu”?

YTOOBI OTBETUTH HA 3TU BOIPOCHI, BEpHEMCs K TpeaHAa3HAYeHUIO0 MEeXaHM3Ma pacIipesie-
JIEHUSI TIaMsITU ISl HeOOMbIIUX 00BeKTOB. C ero MoMolIlblo Mbl XOTEJIW MOBBICUTH b deK-
TUBHOCTb UCITOJIb30BaHUSI TIaMSTH U TIOHM3UTD 3aTpaThl BPEeMEHU, TPEOI0JIeB OrpaHUYCHMS,
HaJIO)KEHHbIE CTAHIAPTHBIM MEXaHU3MOM.

PasMmepnl TOMOMHUTENLHON TTaMSITH, KOTOpasi WCIIOJIb3YeTCsT CTAaHAAPTHBIM paCIIpele/v-
TeJieM, CWJIbHO BapbupyloTcsl. Kak-HUKaK, CTaHIApTHBIA MEXaHU3M pachpeaeeHus maMsITh
TOXE MOXET NMPUMEHSTh CTpaTeTuH, M3JIOXKEHHbIe B 3TOil riaBe. B OOJbIIMHCTBE ciiyyae,
OITHAKO, CJeyeT OXMUIaTh, YTO pa3Mep BCIIOMOraTeJbHOM MaMsTH Ha OOBIYHBIX MallMHAaX
Oynetr uaMeHsIThcsl OoT 4 no 32 OailT misi Kaxkaoro oobekra. st pacrpenenuTesiss MamsiTu,
KOTOPBIN TSI KaXIOTo OObEKTa pe3epBUpPYeT 16 OGalT MOMOJHUTEIBHON MaMsTH, HEIPOU3-
BOIUTEIbHBIE 3aTPAThl COCTaBAT 25 %; TakMM 00pa3oM, OOBEKT pasMepoM 64 GalT MOXHO
CUUTaTh “HEOOJbIINM”.
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C npyroii cTOpoHbI, eciiu 00beKT Kinacca SmalTlAllocator pa3Melaer B MaMsiTd 0OJib-
e OOBEKTHI, B KOHILIC KOHLIOB BBIAEJICHHOM MaMSITU OKaXeTCs] HaMHOro OoJibllie, 4eM
HYXHO (He 3a0bIBaiiTe, uTO Kiacc FixedAllocator cTpeMUTCS OCTaBUThH B MaMSITU XOTs Obl
onMH 00BEKT Kjacca Chunk, maxke eclii Bce OOBbEKTHI YIAJICHBI).

bubmoreka Loki mpemocrasisier BbiOOp. B aitne Smallobj.h ompeneneHsl Tpu cMMBOJA
nperpoleccopa, npuBeaeHHble B Tab. 4.1. Bece ncxomHble (aiiibl, BXOASIIME B MPOEKT, CIEAyeT
KOMITWJTMPOBATh, YKAa3aB OHU U T€ XK€ CMMBOJIbI Mperpoleccopa (WM He 3aaBasi UX BOOOIIE).
Ecii sTOrO0 HE CAenatb, HUYEro CMEPTESIbHOTO HE CIYYMTCS — MPOCTO OyAET CO3NaHO OoJibliie
00beKTOB FixedAllocator, mpeaqHa3HAYeHHBIX 1T pa3HbIX Pa3MEPOB.

[MTapameTpsbl, MpeayCMOTPEHHBIE MO YMOJYAHUIO, TIpeAHA3HAYEHBI IJI MAlllMH C pa3yM-
HbIM 0o0beMoM (usnyeckoir mamatu. Ecam B gupektuBe #define  cHMMBOJIBI
MAX_SMALL_OBJECT_SIZE wiu DEFAULT_CHUNK_SIZE OIIpeAeJIUTh paBHbIMU HYJIO, TO B
3arojloBOYHOM (aitie Smallobj.h OyneT NMpUMEHSATHCS YCJIOBHAsI KOMITWJISILIUS, KOTOpasi
MPOCTO MKCIIOJIb3yeT OOBbIYHBIE OIepaTopbl ::operator new u ::operator delete, He
npuberasi K BblACJCHHUIO BCIIOMOraTeIbHOM mamsiTi Boob1ie. MHTepdeiic 00beKTOB ocTaeTcs
MPeXHUM, HO MX (PYHKIIMU CTAHOBSTCS MOACTaBIsieMbIMU 3ariyiikamu (inline stubs), uto
MPUBOJIUT K CTAHAAPTHOMY MEXaHW3MY pacrpelesieHus] TMHAMUYECKOW MaMSsITHU.

OObIYHO 11a0JIOHHBIN KiMacc SmallObject umeer TonbKO oavH mapametp. [dns mon-
JIEPXKKU Pa3HbIX Pa3MEPOB YYaCTKOB MaMSITU U HEOOJbIIUX OOBEKTOB ATOT KJacC MOJy4yaeT
eme JBa 1Ia0JOHHBIX TapaMmerpa. [lo ymomyaHWIO WMU  SIBJISIIOTCS KOHCTAHTbl DE-
FAULT_CHUNK_SIZE U MAX_SMALL_OBJECT_SIZE COOTBETCTBECHHO.

template

<

template <class T>
class ThreadingModel = DEFAULT_THREADING,

std::size_t chunkSize = DEFAULT_CHUNK_SIZE,
std::size_t maxSmallobjectSize = NAX_SMALL_OBJECT_SIZE

>
class Smallobject;

Ecnau npocto Hanucate Small0bj<>, Bbl MOJydynuTe KJIacc, KOTOPbI MOXET paboTaTh CO
CTaHIAPTHOW MOJEJBIO MTOTOKOB.

Ta6nuua 4.1. CumBonbl Npenpoueccopa, McnoJjib3oBaHHble B daitne SmallObj.h

CumBot IIpeana3navyenue 3HaveHne Mo yMOMAHHIO
DEFAULT_CHUNK_STIZE Pasmep yvactka mamsatu (B Gaitax), 4096
3aJaHHBIA 110 YMOIYAHUIO
MAX_SMALL_OBJECT_SIZE MakcuMabHOE 3HAYEHUE, 64
obOpabaTbiBaeMOe KJIaCCOM
smallobjAlTocator
DEFAULT_THREADING CraHgapTHast MOZIEJIb TIOTOKOB, Hacnenyercs ot aiina
HCTIOTb3yeMasi B TIPWJIOXKEHUH. B Threads.h

MHOTOIIOTOYHOM IPUJIOKEHUU I3TOT

CHUMBOJI CJIEAYET OINPENENIATh KaK
ClassLevelLockable

4.10. Pe3iome

B HekoTopeIx mmmomax si3pika C++ 04YeHb IIMPOKO NMPUMEHSTIOTCS HeOOJbIIe OOBEKTHI,
pacIojioXKeHHbIe B TMHAMUUYECKON MaMsITH. DTO TIPOMCXOIMT Oaromapsi TOMy, Uto B s3bike C++
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MMHaMUWYeCcKuit romMopdusM (runtime polymorphism) TeCHO CBSI3aH ¢ pacripefejieHueM IuHa-
MUYECKOI MaMsITH M CeMaHTMKOM yKazarteJsieil U cchlioK. OIHAKO CTaHAapTHbIE MEXaHU3Mbl pac-
npeaeseHust maMsTi (C TIOMOIIIbIO OTIEPaTOPOB : :operator new u ::operator delete) yacto
ONTUMUBUPYIOTCS ST PabOThI ¢ OOJBIIMMU OOBEKTAMM, & HE MaJeHbKMMU. DTO NieJlaeT CTaH-
JAPTHBIM MEXaHW3M pacIpee/ieHUs] MaMsITh HEeTIPUTOMHBIM ISl padOThl ¢ HEOOIbIIMMU OOBEK-
TaMM, MOCKOJIbKY OH MEJIEHHO paboTaeT U HeahOEKTUBHO MCIOb3YET MaMsITh.

[ns pelieHnst 3TOM MPoOIeMbl HEOOXOAMMO CO3/aTh CIelMaIbHbIe MEXaHU3MbI pacripe-
JIeIeHUsT TTaMsITU JUTsE HeOOJIbIIMX O0BEKTOB, HACTPOEHHbIE Ha pabOTy ¢ MajJleHbKUMU OJi0-
KaMM namsT (OT JECATKOB JI0 COTEH 0alTOB). DTU MEXaHU3Mbl OObEIUHSIIOT JIEMEHTApHbIE
0JIoKM B OoJjiee KpyrHble yyacTku (chunks), cTpemsicb MMHUMU3UPOBATh HaKJIaJAHbIE Pacxo-
NI TTaMsITU U BpeMeHu. Cuctema TMOAIepXKKU BBITIOJTHEHUS TporpaMM Ha sizbike C++ cama
omnpenessieT pa3Mep ocBoboXkaaeMoro 6joka. DTy MHGOPMAIIMIO MOXHO MepexBaTUTh, MPo-
CTO MPUMEHSISI MAJIOU3BECTHYIO (hopMy Teperpy3Ku orneparopa delete.

MoxeT M MexaHU3M pachpelesieHUs] MaMsITh IS HeOOJNbLINX OOBEKTOB, MPEAyCMOT-
peHHbIl B 6ubnuoteke Loki, paboTars eie ObicTpee? KoHeuHO, 1a. DTOT MEXaHU3M HE BbI-
XOMIMT 3a Tpenesbl craHaapra sisbika C++. Kak mokazaHo Bblllle, Takue MPoOJeMbl, KaK Bbl-
paBHMBaHUE OJIOKOB TaMSTH, PEeIIAlOTCS TPAAUIMOHHBIM CITOCOOOM, UTO MPUBOAMUT K CHU-
KeHUI0 3(DdeKTUBHOCTU ero paboThl. M Bce Xe 3TOT MeXaHU3M paboTaeT IOCTaTOYHO
OBICTPO, TIPOCTO U HANEXKHO, YTO TAPAHTUPYET €ro MaaT@opMHYyI0 HE3aBUCUMOCTb.

4.11. KpaTkoe onuncaHne mexaHusma pacnpeaeneHus
namsaTun onga HebonbLUNX 00bEKTOB

e MexaHu3Mm, pealu3oBaHHBI B Oubamoreke Loki, mmeeT uerbipe ypoBHs. IlepBbiit
YPOBEHb COCTOMT U3 3aKpbIToro Tumna Chunk, rpemHazHau€HHOTO IS OpraHU3aluu
MaMsITU B Bujae yyacTkoB (chunks), cocTosiniux u3 GJI0KOB OIMHAKOBOro padmepa. Ha
BTOPOM YPOBHE apXUTEKTypbl HaxomuTcs kiacc FixedAllocator, B KOTOpOM HC-
MOJb3YETCs BEKTOp MEPEMEHHON JUIMHBI, COCTOSIIIUA M3 YYacTKOB MaMSITU. DTOT
KJlacc MpeaHa3HaueH JUIsl BBITIOJIHEHUSI 3allpOCOB Ha BBIAEICHUE TUHAMUYECKON Ta-
MsTU. Ha TpeTbeM ypoBHe pacmnonoxeH kjacc SmallobjAllocator, UCIOAb3YIOIIMIA
HECKOJIbKO 00BeKTOB Kiiacca FixedAllocator. DTo MO3BOJSET BbIACAITh MaMSTh IS
o0bekTa JIoboro pasmepa. Hebosblliie 0O0OBEKTHI pa3MelaloTcsl B MaMsITA C ITIOMO-
b0 00BbeKTa kiacca FixedAllocator, a 3ampochl Ha BblAeTIeHNWE OOJIBIIMX Y4acT-
KOB NaMSTH TEPEeaJpecoBbIBAIOTCS CTAaHAAPTHOMY omnepaTopy ::operator new. [lo-
CJIeIHWIA, YeTBEPThIl, YPOBEHb COMEPXMUT 11abJOHHBIN Kiacc Smallobject, peanu-
3ytouiuit uHTepdeiic oobeKToB Kiacca SmallobjAlTocator.

e CuHorncuc 1aba0HHOro kiacca Smallobject BbINISIAUT Tak.

template
<
template <class T>
class ThreadingModel = DEFAULT_THREADING,
std::size_t chunkSize = DEFAULT_CHUNK_SIZE,
std::size_t maxSmallObjectSize = MAX_SMALL_OBJECT_SIZE

>
class smallobject
public:

static void* operator new(std::size_t size);
static void operator delete(void* p, std::size_t size);
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virtual ~Smallobject(){}
1
DyHKIIMOHATbHBIE BO3MOXHOCTM MEXaHU3Ma pacrpeieseHus MaMsTh Uiss HeOOoJb-
X OOBEKTOB MOXHO YyHacjieaoBaTh OT KOHKpeTu3aluu Kiacca Smallobject.
I1la6soHHBIN Kaacc SmallObject MOXHO KOHKPETUM3WPOBATh MapaMeTpamu, 3aJaH-
HBIMU TI0 yMoyaHuto (SmallObject<>), HACTPOUTH €r0 MOJETb MOTOKOB WM 3a1aTh
TapaMeTpbl BbIIEISIEMON MaMsITH.

Ecnau B HECKONBKMX MOTOKAaX OOBEKTHI CO3JAI0TCS C MOMOLIBIO OIlepaTtopa new, cie-
IyeT WCIOJIb30BaTh MHOTOMOTOYHYIO MOJENb, 3alaB Tmapamerp ThreadingModel.
HMHudopmanust 06 310l Moaesd MpuBeeHa B MPUIOXKEHUH.

3HavYeHHe KOHCTaHThI DEFAULT_CHUNK_SIZE 1Mo yModaHuio paBHO 4096.
3HaYeHHe KOHCTaHTBI MAX_SMALL_OBJECT_SIZE [0 yMOJYaHUIO PaBHO 64.

B nmupextuBe #define MOXHO oOmnpenenuTbh KOHCTAHTHI MAX_SMALL_OBJECT_SIZE
Wi DEFAULT_CHUNK_SIZE, uiu 00e OJHOBPEMEHHO, 3aMECTUB UMU 3HAYEHUSsI, TIpU-
HsThIe MO yMonmuaHuio. [Tocie paciuMpeHus Makpoc pacipoCTpaHsieTcsl Ha KOHCTaH-
Thl TUTA std: :size_t (MM COBMECTMMOTO THUIIA).

Eciu B nupexktuBe #define koHcTaHThI MAX_SMALL_OBJECT_SIZE wiM DE-
FAULT_CHUNK_SIZE OMNpeneiuTb pPaBHbIMU HYyJI0, TO B 3aroJloBOYHOM aiise
smallobj.h Oyner mpuMEHSITbCS YCIOBHAsI KOMITWJISILIMS, KOTOpasi TMPOCTO MCIOJb-
3yeT CTaHAApTHBI MeXaHU3M pacrpeieseHus namsatu. MHTepdeiic octaeTcs mpex-
HUM. DTO MOJIE3HO, €C/IM HYXHO CPaBHUTb pabOTy TMPOrpaMMbl CO CHELUMAIU3UPO-
BaHHBIM MEXaHM3MOM paCIpeaesieHNs] MaMsITH U 0e3 Hero.

YacTtb |. MeToabl



HYactb

KoOMNOHEeHThI






OBOBLWEHHbIE ®YHKTOPBI

OTa ryaBa MoceslleHa 00001IeHHbIM (pyHKTOpaMm (generalized functors) — MollHO#T ab-
CTPaKLMUM, TIO3BOJISIIOLIEN OCYILECTBISITh HECBA3HOE B3aMMOJEHCTBUE MEXIY OObeKTaMu
(decoupled interobject communication). O6001eHHbIe (DYHKTOPbI OCOOEHHO TOJIE3HbI, KO-
raa B 00beKTax HeoOXOAMMO XpaHUTh 3ampockl. L1abaoH mpoekTupoBaHUsI, OMUCHIBAIOLIUI
WHKATICYJIMPOBaHHbBIE 3aMpochl, Ha3biBaeTcss Command (Gamma et al., 1995).

KpaTtko roBopsi, 000011eHHBIII (DYHKTOp — 3TO 1000l 6b13068 Npouedypbl, NO3601CHHbIL 8
a3vike C++, unkancyaupoeanmulii 6 06seKme nepeoeo KAacca, apanmupyouem munosyro 6eso-
nacrhocms (typesafe first-class object). (K mepBomy Kjaccy OTHOCSITCS THIIbI, OOJagalolive
BCEMM CBOMCTBAMM BCTPOCHHBIX TUTIOB. Hampumep, B si3bike C++ TUIBI int U char sBis-
I0TCSl TUMaMu TepBoro kiaacca. OO0BEKTH MEPBOro Kjacca o0JafaioT MOJHONW CeMaHTUKOMN
3HavYeHUil. IX MOXHO OOBSBIATH B JJIOOOM MeCTe TTPOrpaMMBI, TTPUCBAWBATh JIIOOBIM Tepe-
MEHHBIM, KOMMPOBaTh U TMepeaaBaTh MO CChUIKE WJIM MO 3HAYEHWIO, a TAaKKe BO3BpalllaTh B
KauyecTBe 3HaYeHust GyHKuuu. — lpum. ped.)

Bonee neranbHOE ompenesieHre TPUBOANTCS HIKE.

o (OO0O00UICHHBIN (DYHKTOP uHKancyaupyem BbI3OB JIIOOOW TIPOLEAYPhI, TOCKOJIbKY OH
MoJyyaeT yKazaTeJu Ha MpocThie YHKIUUU, GYHKIMU-WIeHbl, GDYHKTOPb U JaXe Ha
npyrue o0o01IeHHbIe (PYHKTOPBI, a TAKXKE HEKOTOPbIE WM BCE WX apTyMEHTHI.

e OO60061IEHHBIN (DYHKTOP TapaHTUPYET MUNO0BYH) O€30NACHOCMb, TIOCKOJIbKY OH HUKOTIA
He TepelaeT apryMeHTbl HEBEpPHOTO TUIA HEMPaBUWIbHBIM (DYHKIMSIM.

e  OO0O0O6IICHHBII (DYHKTOD SIBISIETCSI 005eKMOM, UMEHOWUM CEMAHMUKY 3HAYeHUl, TaK KaK
OH TOJTHOCTBIO MOJ/IEPKMBAET KOMMUPOBaHWE, TPUCBaUBaHUE U Tepeaadyy napaMmeTpoB
1o 3HaueHUu1o. OGOOIIEHHBII (PYHKTOP MOXKHO CBOOOJHO KOMUPOBATh, MPUYEM OH He
MOXET COJEPXKaTh BUPTyaJbHbIC (DYHKIIMU-UJICHBI.

0O60611IeHHBIE (PYHKTOPHI TIO3BOJIIOT XPAHUTh BHI3OBBI MPOLICAYP B BUAE 3HAYCHUIA, TTe-
penaBaTh MX KakK MapameTpbl M BBIMOJHSTH JaleKo OT MecTa WX co3aaHusi. OHM MpeacTaB-
JIAIOT OO0 YCOBEPIICHCTBOBAHHBIM BapMaHT yKaszareidedl Ha (yHkuum. CylecTBEeHHOE
pasznuuue Mexay ykazareasiMd Ha (PyHKUMM M 00001IeHHbIMU (DYHKTOpaMM 3aKJIIovyaeTcsl B
TOM, 4TO (DYHKTOPBI MOTYT XpaHUTh COCTOSTHME OOBEKTa M BBI3BIBATH €TO (DYHKIIMHM-UJICHBHI.
B 27101 T1aBe U3/10XKeHBI CeAYIOUIMe CBEAEHMUS.

e Yro Takoe 1IaGJOH MpPoeKTUpoBaHUS Command M KaK OH CBsI3aH C OOOOIIEHHBIMU
(GyHKTOpaMMU.

e B kxakux CUTyallMAX OHU MOTYT IIPUHECTU IT0JIL3Y.

e BHyTpeHHee yCTpONCTBO pa3IMUYHBIX (DYHKIIMOHAJIBHBIX CYIIHOCTEU B si3bike C++ u
CMocoObl MX MHKAMCYJSILIMU C MOMOIIBIO eIMHO0Opa3Horo nHrepdeiica.



e Kak xpaHUTb BBI30B MPOLEAYPHl M HEKOTOPBIC WM BCE €€ apTyMEHTHl BHYTPU OOBEK-
Ta, NepejaBaTh €€ IPYrMM OObEeKTaM U CBOOOJHO €€ BBbI3bIBATH.

o Kak cBs3bIBaTh MEXIY Cc000lf HECKOJbKO OTJIOXEHHBIX BHI30BOB W IOCIEAOBATEIbLHO
MX BBIINIOJIHATD.

e Kak mcmonp30BaTh MOIIMHBIM ITAOJIOHHBIN KiIacc Functor, peEUII/IBYIOH_[I/Iﬁ OIMNCaH-
HbIC BBILIC (byHKLlI/IOHaHLHbIC BO3MOKHOCTHU.

5.1. WladénoH Command

B xnaccuueckoii KHUre o 1abjaoHax npoektupobaHus (Gamma et al., 1995) yrBepxna-
€TCs, UTO 11abyioH Command TpeaHa3HAYCH [UISI UHKANCYAUPOBAHUS 3aNpPOCca 6HYMPU 006eKmd.
OOBEKT ITOro Kjacca MpeAcTaBisieT co0oi YacTb paboThl, XPAHSIIIYIOCS OTAEIbHO OT CBOErO
ucnonHuTenst. O61ast cTpyKTypa 1madsoHa Command mpencraBieHa Ha puc. S.1.

OCHOBHOI1 YacTblo 1a0JIOHa SIBJsIeTCs caM Kiacc Command. Ero ocHoBHoe mpenHasHa-
YeHUe — OCJIAOUTh 3aBUCUMOCTh MEXIY ABYMS YaCTIMM CHUCTEMBbI: BBI3BIBAIOIIM MOIYJIEM
U TIoJTydaTesieM.

TunuyHast mocaenoBaTeIbHOCTb JeHCTBUI TaKOBa.

1. ITpunoxenue (KIMEHT) co3maeT OOBEKT Kjacca ConcreteCommand, mepenaBasi emy
nHbOpMaLMIo, KOTOPOH NOCTATOYHO /JIsl BBIMOJHEHMS 3aaayu. [TyHKTUpHasi JUHMS
Ha puc. 5.1 munocTpupyeT TOT hakT, YTO KJIMEHT BJIMSET Ha COCTOSITHME OO0ObeKTa
Kjacca concretecCommand.

2. [lpunoxenue nepemaeT nHTepdeiic Command oGbeKTa Kitacca ConcreteCommand BbI-
3BIBAIOLIEMY OOBEKTY, KOTOPBIIA COXPaHSIET 3TOT MHTepdelic.

3. [lo3nHee BbI3bIBAIOLIMI OOBEKT BHIOMpPAET MOMEHT [JIsi Havyaja ACWUCTBUN M aKTUBU-
3UpyeT BUPTYyaJbHYI0O (DyHKIMIO-WieH Execute u3 Kiacca Command. MexaHuU3M BUp-
TyaJIbHBIX BBI3OBOB IE€peagpecyeT 3TOT BbI30B O0BEKTY Kjacca ConcreteCommand, KO-
TOpbIA OTC/eXuBaeT Bce aeTanu. OO0beKT Kiacca ConcreteCommand CBSI3bIBAeTCS C
00BEeKTOM KJlacca Receiver (3TO OJHO M3 €ro 3alaHuii) U UCMOJb3YET €ro s BbI-
MOJHEHUST peaibHOM OOpPabOTKM JaHHbBIX, HAlpuMep, BbI3bIBasl (DYHKIIMIO-WIEH AC-
tion. B mpoTuBHOM ciyyae 00BeKT Kilacca ConcreteCommand MOXET caM BBITTIOJTHUTh
BClO paboTy. B aTOM ciiydyae 00BbeKT Kiacca Receiver Ha puc. 5.1 He HyXeH.

Command
Client — Invoker A —
Execute()
Receiver
—>
Action() < ConcreteCommand
-------------- state :
Execute()

Puc. 5.1. llabaon npoekmuposanus Command
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Bri3biBatoiuii 00bEKT MOXET CBOOOJHO BbI3bIBaTh (hyHKIMIO Execute. Eme Gonee Baxk-
HO TO, YTO B XOJI€ BBITTOJHEHMUSI MPOTrPaMMbl B BbI3bIBAIOIIMN OOBEKT MOXHO BCTPOUTH pas-
HbIe JENCTBUS, 3aMEHUB OOBEKT Kj1acca Command, KOTOPbINA B HEM XpaHUTCS.

CrieayeT OTMETUTb Ba MOMEHTAa. Bo-mepBbIX, BbI3bIBAIOIIMI MOJAYJIb HE 3HAET, KaK Bbl-
MOJHSIETCSl paboTa. DTO OTHIONb HE HOBO — YTOOBI MCITOJIb30BaTh AJIFTOPUTM COPTUPOBKH,
He 00s13aTe/IbHO 3HaTh, KAK UMEHHO OH peanu3oBaH. OMHAKO BbI3BIBAIOIINN OOBEKT HE 3HA-
€T Jaxe, IJIsl KaKoro BuJaa oOpaboOTKM MpeaHa3HaueH kiacc Command. (OmHAKO ajaropuTM
COPTUPOBKM 00$13aH BBITIOHSATH UMEHHO COPTUPOBKY, a HE YTO-TO MHOe.) Boi3biBaroimit
00BEKT JIMIIIb BbI3bIBaeT QYHKIMIO Execute U3 00beKTa Kiacca Command Mpu HACTYIUIEHUU
orpesesieHHOro coobiTus. C Apyroii CTOPOHbI, TOJIydaTeb He 00513aH 3HATh, UTO €ro (PpyHK-
LUSI-WIeH Action ObuUIa BbI3BaHA KAaKUM-TO OOBEKTOM.

Taxum obpazoM, 00bEKT Kilacca Command rapaHTUPYET U3OJISIMI0 BbI3bIBAIOIIETO O0BEK-
Ta OT moJjyyareisi Bbi3oBa. OHU MOTYT ObITh aOCOJIOTHO B3aMMHO HEBUIMMBIMHU, OOILASICh
JIIIbL Yyepe3 00bekT Kiacca Command. OObIYHO CBSI3M MEXAY BBI3BIBAIOIIUM OOBEKTOM U T10-
JlyyateseM BbI30Ba yCTaHaBJIMBaeT OOBbEKT Kiacca Application. DTo 3HAUMT, 4YTO ISl 3a-
JTAHHOTO MHOXECTBA TIoJyyarejeil MOXHO MCITOJIb30BaTh pa3HbIe BBI3bIBAIOIIME MOIYJIU,
MpUYeM B 3aJaHHBII BBI3BIBAIOIIMA MOMYJIb MOXHO BCTpauMBaTh Pa3HbIX Mojydyateieil — u
BCE 3TO MPOUCXOAUT B YCIOBHUSIX MOTHON M3OJSIIMUA 3TUX OOBEKTOB.

Bo-BTOpBIX, MOCMOTpHUTE Ha 111a0710H Command B nepcrnekTuBe. B 0ObIYHBIX TTpOTpaMMu-
CTCKMX 3ajJayax, KOrja HY>XKHO BBITTOJIHUTh KaKOe-TO NEWCTBUE, MPU BbI30BE 3aJal0TCS 00b-
€KT, ero (hyHKUMSI-YJIEH U €€ apTyMEHTHI.

window.Resize(0, 0, 200, 100); // V3MeHeHMe pa3MepoB OKHa
MOMEHT MHUIMAIU3alMU TaKOTO BbI30Ba B IMPUHLIMIIE HEBO3MOXHO OTIMYUTH OT MO-
MeHTa cOopa ero 3JeMEHTOB B OAHO Iiejoe (00beKTa, IMpoLeayphl U apryMeHToB). OQHAKO B

mabgjoHe Command BBI3BIBAIOIIAI OOBEKT YK€ COONCPXKUT SJEMCHTBLI BbI30Ba, OTKJIaAbIBast
CaM BbI3OB Ha HCOIIPCACICHHOC BpEMHI. G NJTIOCTPUPYETCA CIACAYIOIIUM IMPUMEPOM.

command resizeCmd(

window, // 0bbeKkT
&window: :Resize, // O®YHKUMA-YNeH
0, 0, 200, 100); // ApPryMeHTbI
// TNo3pHee .
resizecmd.Execute(); // V3MeHeHMe pa3mepa OKHa

(Huxe MBI ocTaHOBMMCSI HA MaJIOU3BECTHOI KOHCTPYKLIMU s3bika C++ &Wwindow: :Resize.)
B mabione Command MoMeHT cHopa uHpopmaum 06 OKpYy>KeHWH, HEOOXOAMMOI Uisi obpa-
OOTKM JaHHBIX, OTJIMYAETCS OT MOMEHTA BBIMOJHEHUS COOCTBEHHO obpabomku. B mpome-
KYTKE MEXIY 3TUMHU ABYMS MOMEHTaAaMU IpOrpamMMa XpaHUT U IepelaeT 3ampoc Ha obpa-
00TKY B Buje obbekTa. Ecinu Obl He CylllecTBOBajla BO3BMOXHOCTh OTJIOXHWTh BBI30B, HE OBLIO
0661 1 camoro 1mabimoHa Command. C 3Toif TOYKM 3peHMSI CaMO CYIIECTBOBAaHME OOBEKTa
Ki1acca Command OOYCJIOBJIEHO BO3MOXHOCThIO OTKJIAAbIBAHUSI BbI30Ba, IOCKOJIbKY 3arpoc B
5TO BpPeMSI HYXXHO TIIe-TO XPaHUTb.
Orcroza ClIeayioT ABa BaXKHBIX acriekTa 1abdjaoHa Command.

o M3onayus unmepgeticos. BuizpiBaonnii 00bEKT U30JIUPOBAH OT TOJyvaTessl BbI30Ba.

e Pasdenenue epemenu. OOBEKT Kilacca Command XpaHWT TOTOBBI K BBIIOJHEHUIO OT-
JIOXXEHHBII 3a1poc.

3HaHMEe OKpYXeHUs Takxke Heobxomumo. Okpyicenue (environment) TOYKM BBITIOJTHE-
HMSI — 3TO MHOXECTBO CYLIHOCTe!l (MepeMeHHbIX U (DYHKIIMIT), KOTOpbIE SIBISIOTCS BUAU-
MbIMU K3 3TOW TOYKU. B MOMEHT Hayaga OOpabOTKM HEOOXOAUMOE OKpPYXKEHHE TOJKHO
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OBITH JIOCTYIHBIM, B MPOTMBHOM Cllyyae 3aryckK HeBo3MoxeH. OOBbeKT kiacca Concrete-
Command MOXET XpaHWUTb YacTb HYXXHOI MH@OpPMAalIMM O CBOEM OKPYXEHUHU B BUIE CBOETO
COCTOSTHUSI, a JTOCTYI K OCTaJbHON WH(MOPMAIMK TOJy4aTb BO BpeMsT BbI30Ba (DYHKIIUU
Execute. YeM Oonblie MHGbOpMaIMM 00 OKPY>XEHMM XpaHUTCSI B OOBbEKTe Kiacca Con-
creteCommand, TeM 0oJjiee OH HE3ABUCUM.

C TOYKM 3peHMs] peau3alui MOXHO UAEHTU(ULMPOBATh ABE PA3HOBUIHOCTU KJIACCOB CONn-
creteCommand. HekoTopble U3 HUX TIPOCTO TMOPYyYatOT pabOTy MOIyYaTeso, BbI3biBasl (DyHKIIUIO-
yjleH 00beKTa Kiacca Receiver. Takue Kiacchl Ha3bIBalOTCS Komanoamu nepecviaku (forwarding
commands). JIpyrvie Kiacchbl BBITOJHSIOT 0ojiee CJIOXHYIO padoTy. OHM TakKe MOTYT BbI3bIBaTh
(byHKUIMU-YIeHbI APYTHX OOBEKTOB, HO MMEIOT 0ojiee CIOXHYIO JIOTMKY (DYHKIIMOHWPOBAHMSI.
Taxue Kacchl Ha3bIBAKOTCS aKmMUeHbIMU Komandamu (active commands).

Takasi knaccudukaiuss KOMaHA TO3BOJISIET OYEPTUTb TpaHUIIbI OOOOIIEHHOW peanu3a-
MW, AKTUBHBIE KOMaHIIbI HEJIb3sl OMHMCaTh pa3 W HaBCeTAa — WX KOI IO ONpeeIeHUIO 3a-
BHUCHUT OT KOHKPETHOTO MIPWIOXeHUs. B To e BpeMsl Ha OCHOBE KOMaH]I TIePeChUIKA MOXHO
CO3[1aBaTh 1IAa0JIOHHBbIE Kiacchl. [10CKONIBKY KOMaHABI MEPECHhIIKM HAITOMUHAIOT yKa3aTeau
Ha (QYHKIIMU M TIOXOXU Ha (YHKTOPBI, Mbl OylleM Ha3bIBaTb UX 0000ujeHHbIMU QYHKmMopamu
(generalized functors).

OcraBliiasicsi 4yacTh TJaBbl TOCBsIIIEHa pa3paboTKe IabJIOHHOTO Kjacca Functor, WH-
KamncyJIupylollero 0ol 00beKT, 00y (DyHKIMIO-WIEH 3TOro odbheKra W Jroboi Habop
apryMeHTOB, OTHOCSIIMXCS K 3TOM (PyHKIMM. B MOMEHT akTmMBM3aLuKu 00OOILIEHHEBIN (DYHK-
TOp coOMpaeT Bce KOMITIOHEHTHI B OTHO 1IeJI0€, co3/1aBasi BbI30B (DYHKIMU.

OOBEKT Kitacca Functor MOXET 0Ka3aTh HEOLICHUMYIO TIOMOIIb MPU MPOSKTUPOBAHUM C
WCMOJIb30BaHWEM 11absoHa Command. B peanuzauusix, pazpaboTaHHBIX BPYYHYIO, ILIA0JIOH
Command macmTabupyeTcsl He CIUIIKOM XOPOIIIO — MPUXOAMUTCS MUCAaTh MHOTO MaJIeHbKUX
Ki1accoB Command (1o ogHOMY Ha Kaxaywoo omnepauuto: CmdAddUser, CmdDeleteUser,
cmdModifyUser W T.0.), KaxIblii M3 KOTOPbIX COAEPXKUT TPUBUATbHYIO (DYHKIMIO-UJIEH
Execute, MPOCTO BHI3HIBAIOIIYI0 KOHKPETHYIO (DYHKIUMIO-UJieH HeKoToporo obbekTa. Kiacc
Functor, obJanalolnii BO3MOXHOCTbIO BbI3bIBATh JIIO0YI0 (DYHKIIMIO-UJIEH JIIOOOT0 00beKTa,
MOT OBl OKa3aTh B 3TOM JieJie HEOLICHUMYIO TTOMOIIIb.

B k7acce Functor CTOMT peaii30BaThb U HEKOTOpbIE M3 aKTMBHBIX KOMaHI, HampuMep,
YIOpSIZIOYEHUE HECKOJbKMX TOC/enoBaTe/ibHbIX orepanuii. Torma oObeKT kjiacca Fuctor
MoOT Obl cOOMpaTh HECKOJIbKO OMepaluii U BBIMOJHSITH MX IO Mnopsiaky. B kHure Gamma et
al. (1995) Takue mosie3Hble OOBEKTHI ONMUCAHBI IO UMEHEM MacroCommand.

5.2. Wa6noH Command B peanbHOM Mupe

[TpumeneHnue 1mabioHa Command 4acTo MJUTIOCTPUPYIOT Ha MpuMepe pa3pabOTKU OKOH-
Horo uHTepgdeiica. B xopolnx 00beKTHO-OPUEHTUPOBAHHBIX CHELUATU3UPOBAHHBIX CHCTE-
Max isi pa3paboTKu Tpaduyeckoro Mmojb30BaTeIbcKOro MHTepdeiica 1mabioH Command B
TOW WM MHOM (hopMe NMPUMEHSIETCSl YK€ MHOTHE TOJbI.

Co3znarensiM OKOHHBIX WHTepdEecoB HEOOXOAMM CTaHIAPTHBIN CIOCOO Tepeaayu IMoJib30Ba-
TeJIbCKUX NEMCTBUIA (HArpUMep, ILETYKOB MBI WM HaXaTWil KiaBuul) npuioxkeHuro. Korma
T0JIb30BaTelb 11IEJIKAET Ha KHOTIKE, BbIOMpPAET MYyHKT MEHIO WM JeJIaeT YTO-HUOYIb MOJ00HOe,
OKOHHasl cUcTeMa JI0JKHA YBEIOMUTh 00 3TOM COOTBETCTBYIOLIIEe MpuioxeHre. C TOUKU 3peHHUst
OKOHHOU CHCTeMbl KOMaH/ia Options B MeHIO Too1s HE MMeeT HUKAKOTO 0COOOro CMbICIA. DTO
HaKJIaJbIBaeT Ha MIPWJIOXKEHUE OUYeHb XXecTkue orpaHndyeHusi. OObeKT Kiacca Command MO3BOJISIET
3(hdeKTUBHO M30JIMPOBaTh MPWIOXKEHWE OT OKOHHOTO MHTepdelica, BBICTYIAs B POJIU TOCPE-
HMKa, COOOLLIAIOLIETO MPUIOXKEHUIO O NEUCTBUSIX MOTb30BATEIS.
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Hampumep, B OKOHHOI cHCTeMe B POJIM BBI3BIBAIOIIUX OOBEKTOB BBICTYIIAIOT JIEMEHTHI
nHTepdeiica (KHOMKMU, MyHKThl MEHIO M T.M.), a ToJjyyarejeM sBasieTcsl OObeKT, ompene-
JISIIOLMI peakivio TIPUJIOKEeHWST Ha JeHCTBUS TOJb30BaTessl (HampuMep, AMaJioroBoe OKHO
WM caMO MIPUJIOXKEHUE).

OOBeKkThl Kacca Command TPencTaBsIOT cOOO CPEeACTBO OOIICHMSI MEXIy I0JIb30Ba-
TeJbCKUM MHTepdeiicoM u mpuoxeHueM. Kak ykaszblBaloch B MpeAbIAyleM pasjelie, KiIacc
Ccommand oOecreynBaeT yABOEHHYIO TMOKOCTb. Bo-mepBbIX, B OKOHHYIO CUCTEMY MOXHO
BCTpauBaTh HOBbIE 3JIEMEHTHI MOJIb30BATEILCKOrO MHTepdeiica, He U3MEHsISI JIOTUKY paOOThI
MpWIoXeHusi. B Takux ciyyasix roBOpsIT, UTO NporpaMma uMeeT 060404ky (skinnable), mo-
CKOJIbKY HOBbIE 3JIEMEHTbl MHTepdeiica MOXHO J00aBlsATb, HE KacasiCh CaMOro IMpUJIOXKe-
Husi. OOOJOYKM HE UMEIOT HUKAKOW apXUTEKTYpPbl — OHU TOJIBKO TIPEJOCTaBISIIOT MecTa
IUIs1 OOBEKTOB Kijlacca Command W 3HAIOT, KaK ¢ HUMU B3aMMOJEeNCTBOBaTh. Bo-BTOphIX, Of1-
HM U Te Xe DJEMEHThI MOJb30BaTeIbCKOro MHTepdeiica MOXHO MOBTOPHO MCIONb30BaTh B
pPa3HbIX TIPUJIOXKEHUSIX.

5.3. Bbi3biBaemMble CyLHOCTHU B i3blke C++

st TOro 4ToOBI cO31aTh OOOOIIEHHYIO peaau3alliio KOMaH MepeCchbUIKU, TOIBITaeMCs
OnucaTh CBSI3aHHbIE C HUMM TMOHSITUSI B TepMUHAX si3bika C++.

Komanna mepechbuiku TIpeACTaBISIET COOOUN 060OweHHbill oOpamubill 6bi306 (generalized
callback). O6paTHbIif BbI30B — 3TO yKazaTeslb Ha (PyHKIIMIO, KOTOPbI MOXHO TMepeaaBaTh U
BbI3bIBATh B JI1000€ BpeMsl, KaK M0Ka3aHo B CJEAYIOLIEM MpUMepe.

void Foo();
void Bar(Q);

int mainQ)

// OnpepensieM ykasaTeNnb Ha QyHKuuio Tuna void, He uMelowy
// napameTpoB.

// VHMUManu3upyem 3TOT yKa3aTenb aapecoM (QyHKuuu Foo
void (*pF)() = &Foo;

Foo(Q); // HenocpeAaCTBeHHbIM BbI30B (YHKLUMM FOO;
Bar(Q); // HenocpeAaCTBeHHbIM BbI30B (YHKUMM Bar;
GpR)O; // BbI30B (YHKUMM FOO 4yepe3 ykazaTenb pF
void (*pF2)() = pF; // Co3paem konuw ykasaTensa pF

pF = &Bar; // YcTaHaBnuBaem ykasaTenb pF

// Ha dyHKuuw Bar

GpR)O; // BbI30B (YHKUMW Bar 4yepe3 ykaszaTenb pF
(*pF2) O; // BbI30B (YHKUMM FOO 4yepe3 ykazaTenb pF2

}

Mex1y HemocpeaCTBEHHBIM BHI30BOM (DYHKIIMKM FOO M BBI30BOM 4Yepe3 yKasaresb (*pF)!
€CThb OJIHO CYILIECTBEHHOEe oTimyue. Bo BTopoM ciiyyae ykazaTesib MOXHO KOIMUPOBATh, Tlie-
TO XPaHWUTb W YCTAaHABJIMBATh Ha APYrylo (yHKLMIO, BbI3bIBasi ee Mpu HeobdxoaumocTu. Cie-
JIOBaTeIbHO, yKa3aTeslb Ha (DYHKIIMIO OYeHb TMOXOX Ha KOMaHIy TMepechlIKU, B KOTOPOM
3HAYUTEJbHAsl YacThb PaOOThl XPAHUTCS OTIAEJAbHO OT OOBEKTA, BBLIMOJHSIOUIETO (haKTHye-
CKYyI0 00pabOTKy JaHHBIX.

I KoMmunsTop TpemnaraeT cHHTaKcHYeckoe cokpalneHme: Boipaxenue (*pF) () sKBUBaJeHTHO
pF(). Omnako Beipaxkenue (*pF) () Gojee HAIISAAHO OTpaXaeT CYTh MPOMCXOMSIIETO — YKas3aTelb
PF passIMEHOBBLIBAETCA M K HEMY TIpUMeEHsETCs orneparop BbizoBa GpyHkumu ().

aga 5. 0606LeHHbIe HYHKTOPbI 125



[eiicTBUTENIEHO, OOpaTHBIN BBI30OB — 3TO CITOCOO MCIIONb30BaHUS 11abaoHa Command B sI3bI-
ke C. Hammpumep, cucrema X Windows XpaHWAT Takoil 0OpaTHBIN BBI3OB ST KAXKIOTO ITyHKTA ME-
HIO W KaXJ0ro ayieMeHTa nHrtepdeiica (widget). Korna nonb3oBaresib BbIMOMHSET ONpeaeeHHbIe
NEUCTBUS (HaTpUMep, IIEJKaeT Ha KHOMKE), COOTBETCTBYIOIIMI KOMITOHEHT MHTepdeiica akTu-
BU3UPYET OOPaTHbBIN BbI3OB, MPUUEM KOMIIOHEHT HE 3HAET, YTO MPY 3TOM MPOUCXOIUT.

KpoMe mpocThiXx 0OpaTHBIX BBI3OBOB, B si3blke C++ eCTb ellle MHOTO CYIIHOCTEH, ToM-
nepxuBamoux onepatop ().

o  DyHKIUU.
e VYkazareau Ha (YHKLIMU.

e Ccbuiku Ha (yHKUMM (MO CYIIECTBY, MpeAcTaBisiioliie coO0i KOHCTaHTHbIE yKa3a-
Teau Ha pyHKIUN).

o  DyHKTOpHI, T.e. 00BEKTHI, B KOTOPBIX omnpeaesieH omnepatop ().
e PesynbraT IprMeHEHHMs OIEPaTOPOB .* M —->* K yKa3aTeJIsIM Ha QYyHKIWH-YJICHBI.

K kaxaoil n3 ykazaHHBIX CYIIHOCTEl MOXHO TMpUIKCATb Mapy KPyIJbIX CKOOOK, 3a1aTh
BHYTPU HUX HaOOp apTyMEHTOB M BBIMIOJIHUTH KaKyl-HUOYAb 00paboTKy aaHHbIX. C Apyru-
MU CYUIHOCTSIMU B si3blke C++, KpoMe MepeyrceHHbIX BbILIE, 3TOr0 JeJaTh HeJb3sl.

CyIIHOCTH, TIO3BOJISIONINE TIPUMEHATHh orepaTtop (), Ha3BIBAIOTCA  6bl3bI6AEMbIMU
(callable). Lleab 3TOM TIaBbI — peaJiM30BaTh HAOOp KOMAaHI IEpPEChLIKU, CIIOCOOHBIX Xpa-
HUTh Y IIE€PeNaBaTh BHI30B JII00OI BbI3bIBaeMOii cyliHoctu?. Illa6nmoHHBIA Kiacc Functor
WHKAINCYJUPYET KOMaHAbl MEePeCchbUIKKM U obecreurnBaeT eqMHo00pa3Hblii nHTepdeiic.

Peanuzaiusa mokHa yYUTBIBAaTH TPM OCHOBHBIX BapHaHTa: MPOCTbIC BHIZOBHI (DYHKIIWIA,
BbI3OBbI (DYHKTOPOB (BKJIIOYasi BbI30BbI OOBEKTOB Kjacca Functor, T.e. BO3MOXHOCTb Iepe-
JIaBaTh BBI30BBI OT OAHOTO OOBEKTA Kjlacca Functor Ipyromy) M BbI30Bbl (DYHKIIMIi-UJIEHOB.
[nst aTOroO ciaemyeT co3narh abCTPaKTHBINM 0a30BbIN Klacc U MOAKIACC I KaXI0ro Kiacca.
Ha mepBbIit B3MISIT Bce 3TO MOXKHO CIEJIaTh C TIOMOIIBIO cpencTB sA3bika C++. OmHaKko, Kak
TOJILKO Bbl MPUCTYNUTE K pa3paboTKe MporpaMMbl, Ha BaC OOPYLIUTCS BOPOX MPOOJIEM.

5.4. Ckenet wao6noHHoro knacca Functor

[nsa ximacca Functor 00s53aTeJIbHO CJelyeT TPOBEPUTb WMIUOMY “‘IeCKPUMITOP-TeN0”
(“handle-body”), BnepBbie npemioxeHHyo B padote (Coplien, 1992). B riase 7 nmoapobHo
00BsICHSIETCS, UTO B si3blke C++ TOJIBIi yKa3aTelb Ha MOJMMOPMHBINA TUIT HE UMEET TIOJTHO-
LIEHHOI CeMaHTWKMW M3-3a MpoOJeM, CBA3aHHBIX C €ro MPUHAMLIEXKHOCTbIO. ISl TOro YTOObI
CHSTh OTBETCTBEHHOCTh 3a YIMpaBJcHWE BpEMEHEM >KM3HU OOBEKTOB C KIMEHTOB Kjacca
Functor, Jlyulle BCEro HaleJUThb Klacc Functor ceMaHTMKON 3HAaYeHUil (XOpolllo orpee-
JICHHBIMUW OTlepallusiMA KOTIMPOBaHUSI M TIpucBamBaHus). Kiacc Functor mMeeT TOIU-
MOpPGhHYIO pealn3alimio, HO 3TOT (GaKT CKPbIT BHYTpU Hero. HazoBem peanuzaiuio 6a3oBoro
KJlacca MMeHeM FunctorImpl.

OTMETUM BaXHYI0 OCOOEHHOCTh: (DyHKUHMSI Command::Execute mabsoHa Command B
a3pike C++ mepeBorniomaetcss B omneparop (), OINpeneieHHBIN TOJb3oBaTeieM. DTO elle
ONIMH apryMeHT B MOJb3y NMpUMeHeHusl onepatopa (). st mporpaMMucToB Ha si3bike C++

2 OGpaTuTe BHUMAHME HA TO, YTO Mbl HMYETO HE TOBOPMM O THMaX. Mbl MOIIM GBI IPOCTO CKa-
3arh. “THIIBI, DOIyCKalOIUe BbINoNHeHWEe oreparopa (), HA3BIBAIOTCS BHI3BIBAEMBIMU CYLIHOCTSIMU .
OnHako, XOTS 9TO KaXeTCsl HEBePOSITHBIM, B si3bike C++ ecTh CYIIHOCTH, HE MMEIOIUe TUTA U B TO
K€ BPeMsI ITO3BOJISIIOIIME TIPUMeEHATD oreparop ().
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orepaTop BbI30Ba (PYHKIIMM MMEET TOUHBIM CMBICT — “BBIMOJHUTL”. OJHAKO HaMHOTO
BaXXHee TO, YTO 3TOT OlepaTop oOecreynBaeT CMHTaKcuueckoe eanHooopasue. Kiacc Func-
tor He TOJbKO MepelaeT BbI30B BbI3bIBAEMON CYIIIHOCTHM, OH W caM SIBJIsIETCS TakoBoii. B
MoAoOHOM ciyyae OOBEKT Kjacca Functor MOXeT COIAepXKaThb IPYrue OOBbEKThl 3TOr0 Kiac-
ca. C 2TOro MOMEeHTa Mbl OyJeM CUMTaTh KJAacC Functor YacTbl0 MHOXECTBa BbI3bIBAEMBIX
CYILIIHOCTE!. DTO MO3BOJUT HAaM MHOTHE BEIlU Je1aTh eAMHOOOPa3HO.

[TpoGaemMbl BO3ZHUKHYT, KakK TOJbKO Mbl TOMbITAEMCSl OMpPeneJUTh OO0OJOUYKY Kiacca
Functor. BHauase oHa MOXET BBITJISIIETh CJIEAYIOIIMM 00pa3oM.

class Functor

{
public:
void operator(Q;

// Bpyrve GyHKUUA-YAEHbI
private:
// peanusaumsa Knacca

;
ITepBblii BoNpoc: Kakod TUI IOJDKHO MMETb 3HaueHue, Bo3Bpaliaemoe ornepatopom ()?
HomkeH 11 oH uMeTh TUN void? B HEKOTOpBIX ciiydasix MOXET IMOHAA00UThCS BEPHYTh UTO-
TO elle, HaIpuMep, 3HauyeHue Tuna bool mau std::string. HeT HUKaKUX MpUYMH OTKa-
3BIBATHCS OT BO3BpaTa IMapaMeTpU30BaHHBIX 3HAUCHMIA.
st pelieHUs TaKUX MpooJieM MpeaHa3HaueHbl 1a0JOHHbIE KJIACChl, MO3BOJISIONINE 13-
0exXaTb JUIIHUX XJIOTOT.

template <typename ResultType>
class Functor

{

public:

ResultType operator()(Q;

.// Npyrve dyHKUUU-YSIeHbl
private:

// Peanu3auusa

};

DTOo pelleHUE BBHIIJISIAMT BIIOJHE MPUEMJIEMO, XOTSl Termepb Y Hac yxe He OIMH Kiacc
Functor, a 1eJloe CEMEeMCTBO. DTO BMOJIHE Pa3yMHO, TMOCKOJIbKY (DyHKTOPBI, BO3Bpalllalo-
1Me CTPOKU, U (PYHKTOPHI, BO3BpalllaloOlKE LIeJible YKcia, UMEIOT padHble QYHKIMOHATb-
HbIe BO3MOXHOCTH.

Btopoii Bonpoc: nomkeH au oneparop (), NpUHaLUIEXaUMil HYHKTOPY, TaKXe MOIyYyaTh
aprymeHTbl? MOXeT BO3HUKHYTh HEOOXOAMMOCTh TIepeiaTh 00bEKTY Kilacca Functor HeKylo
nHboOpMalMIo, KOTopasl Obljla HEIOCTYITHA B MOMEHT ero coznaHusi. Hanpumep, eciu memny-
KV MBIIIBIO B OKHE TMepechlIaloTcs uyepe3 (hyHKTOp, BbI3BIBAIOIIMI OOBEKT IepeaaeT WH-
(opmanmio o KoopauMHaTax OKHa (M3BECTHYIO TOJLKO B MOMEHT BbI30Ba) OOBEKTY Kiacca
Functor, BeI3bIBas ero omneparop ().

bonee Toro, B 060011IEHHOM MPOrPaMMUPOBAHWU KOJIMYECTBO MApaMETPOB HE OrPAaHUYMBACT-
cs1, TIpPUYEM OHU MOTYT UMETH J1t000i Tur. Takum o0pa3oM, HET HUKAKUX MPUYUH HAKIIAIbIBaTh
OrpaHUYEHUs] HU Ha KOJIMYECTBO, HU Ha TUI TepeaaBaeMbIX (DYHKTOPY MapaMeTpoB.

Ortcrona cieayer, YTo Kakblii (DyHKTOp OTpeessieTcsl TUTIOM BO3Bpall[aéMOro UM 3HAYEeHUSI
U TAMIAMUA €Tr0 apryMeHTOB. JLJi 3TOro moHamoOWTCS MOIHAs SI3bIKOBAs MOMIEPXKKA: MepeMeH-
Hble 11a0JIOHHbIE TTapaMeTPhl B COYETAHUU C TMIEPEMEHHBIMM TTapaMeTpaMU BbI30Ba (hYHKITUIA.

K coxanenuto, mepeMeHHBIX 111a0JIOHHBIX MapameTpoB B sizbike C++ mpocto HeT. Bmecto
HUX TIPeIyCMOTPEHBI (DYHKIIMU C TIEPEeMEHHBIMM aprymMeHTamu (Tak Xe, Kak u B s3bike C). B
s3pike C ¢ MX MOMOUIBbIO BBIMOHSIETCSl 3HAYUTENbHASI YacTb PabOThl (MPU YCIOBUM, UTO BbI
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O4YeHb OCTOPOXHBI), HO IS sizbika C++ 3TOro HemocraroyHo. IlepeMeHHBIE apryMEHTHI TIOJI-
JIEP>KUBAIOTCS C TTOMOIIBIO 3JUIMIICUCOB (TakuX Kak printf mam scanf). BreizoB (yHKimit
printf umm scanf, xorma cneumdukanus Gopmara He COOTBETCTBYET KOJUYECTBY U THUITYy WX
apryMeHTOB, — BeCcbMa PacnpoCTpaHEHHasl M oracHasi OlIMOKa, WLTIOCTPUPYIOLIAs HeJOCTaTKU
IJIMMICHUCOB. MeXaHU3M TIepeMEHHbIX NTapaMeTPOB HEHAIEXKeH, OTHOCUTCS K HU3KOMY YPOBHIO U
HE COOTBETCTBYET OObeKTHOI Monenu si3pika C++. Kopoue roBopsi, MCMONb3ys 3JUTUTICUCHI, BbI
ocTaeTech 0e3 TMIIOBOM 0€30MacHOCTH, OOBEKTHOM CEMaHTMKM (MpUMeHEHHe OOBEKTOB, COAep-
JKalUX 3JUTMTICHCHI, TIPUBOIMT K HETPeCKa3yeMbIM TOCASACTBUSM) UM CCbUIOYHBIX THTIOB. [lmst
BbI3bIBAEMbIX (DYHKIIUI1 HEMOCTYITHO JaXe KOJIMYECTBO UX apryMeHTOB. JleHCTBUTEIbHO, TaM, TIe
€CTb 3JUIMIICUCHI, 513bIKy C++ nmenath Hevero.

B kauecTBe ajbTepHATUMBBI MOXHO OIPaHMUYUTH KOJMYECTBO apryMeHTOB (hyHKTOpa Mpo-
MU3BOJIbHBIM JOCTAaTOYHO OOJBIIMM 4ucioM. Takasi HeomnmpeaeIeHHOCTb — OfHA U3 CaMbIX
HETIPUSITHBIX MpobsieM s nporpaMmmucta. OIHAKO 3TOT BbIOOP MOXHO CZejaThb Ha OCHOBE
SKCIEepPUMEHTAIbHBIX HaboaeHuil. B 6ubinorekax (0COOEHHO CTapbix) KOJIMYECTBO IMapa-
MeTpoB DYHKIIMI He TipeBbilaeT 12. YcraHOBUM MpelebHOe KOJIMYECTBO MapaMeTpoB paB-
HbIM 15 1 3a0yneM 00 3TOl HEMPUSITHOCTH.

Haxe 310 He obGyeruymsio Hamieidr ydyactu. B ga3pike C++ He gomyckaercss NpUMEHEHHe
1abJOHOB, UMEIOLIUX OAMHAKOBbIE MMEHA, HO pa3HOe KOJMYECTBO MapaMeTpoB. DTO 3Ha-
YUT, YTO TIPUBENEHHBbIN HUXE (hparMeHT MPOrpaMMBbl SIBJISIETCSI HEMIPABUJIbHBIM.

// ®yHKTOp 6e3 aprymeHTOB

template <typename ResultType>
class Functor

{
b

// ®YHKTOpP C OAHUM apryMeHTOM
template <typename ResultType, typename Parml>
class Functor

{
b

HasbiBath 11a0GJIOHHBIE KJIacChl MMEHaMM Functorl, Functor2 M Tak jJajee MOXET OKa-
3aThCS 3aTPYIHUTEIIBHO.

B rnaBe 3 omMcaHbl CNMCKM TUMOB, MO3BOJISIIONIME PAOOTaTh C KOJUIEKLIUSIMUA THUIIOB.
Tumer napameTpoB PYHKTOpa TakkKe 00pa3yloT KOJJIESKIIMIO, TI0O3TOMY CIIMCKU TUIIOB ITOHOM-
IyT HaMm uaeaidbHO. OrmpeneneHue A0JIOHHOIO Kjacca Functor ¢ MOMOIIbIO CITMCKOB TH-
OB MPUBEIEHO HIKE.

// ®YHKTOp, wuMellmn nwboe KoNMM4yecTBO apryMeHToB nwboro Tuna

template <typename ResultName, class TList>
class Functor

{
1
BosmoxHas KOHKPETU3aMA 3TOIo Kiacca BhIIIAAUT CIACAYIOLINM o6pa30M.

// OnpepensieMm GyHKTOp, nojyyakwwMid napameTpsl Tuna int u double
// v BO3Bpawawwun 3HavyeHue Tuna double
Functor<double, TYPELIST_2(int, double)> myFunctor;

OIHMM U3 JIOCTOMHCTB 3TOTO ITOAXOAA SIBJISIETCSI BO3MOXKHOCTH ITOBTOPHO MCITIOJIb30BaTh
CYLIIHOCTH, ONPCACICHHBIC CIIMCKaMW TUIIOB, a HE paSpa6aTbIBaTb HOBBIC.
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Kak mMbI Bckope yOenumcsi, CIIMCKM TUIIOB XOTSI M TIOJIE3HBI, HO HE pellaloT BCeX IMpo-
6seM. MBI mo-MpexXHEMY BBIHYXIEHBI CO3[1aBaTh OTAEJIBHYIO peanu3auuio (yHKTOpa Uit
KaXIJI0ro KOHKPETHOTO KOJIMYeCTBa apryMeHTOB. B manbHeleM Juisi IpOCTOThI OTPpaHUYUM-
cs AIBYMsI apryMeHTaMu. MaciutabupoBaTh MporpaMMy JUisl KOHKPETHOTO KOJIMYeCcTBa Iapa-
MeTpoB (He OoJiblie 15) MOXKHO C TTOMOIIBIO BKITIOYEHMS 3aroJIoBOYHOrO (haiina Functor. h.

IMonumopdHbIit Kiacc FunctorImpl, MOrpykeHHbI B Kjlacc Functor, UMeeT Te XXe ca-
Mble 1HAGIOHHbIE TapaMeTphl.>

template <typename R, class TList>

class FunctorImpl;

Krnacc FunctorImpl ompenensier moauMophHbIi MHTepdeEic, abCTparupyoImii BbI30B
bynkuum. [Jnsi Kaxaoro KOHKPETHOTO KOJWYECTBa MapaMeTpoB oOIlpelesieHa 4YacTUUHast
crienManu3anusl Kiacca FunctorImpl (miaBa 2). B kaxmoit crenumanu3anuu OrpesesieHa
YUCTO BUPTYyasibHast GyHKLMS () ISl ONPENEIeHHOro KOJIMYeCTBa U TUTIOB MapaMeTpoB.

template <typename R>
class FunctorImpl<R, NullType>

{

public:
virtual R operator(Q() = 0;
virtual FunctorImpl®* Clone() const = 0;
virtual ~FunctorImp1() {}

1

template <typename R, typename P1>
class FunctorImpl<R, TYPELIST_1(Pl)>

{

public:
virtual R operator()(Pl) = 0;
virtual FunctorImpl®* Clone() const = 0;
virtual ~FunctorImp1() {}

1

template <typename R, typename Pl, typename P2>
class FunctorImpl<R, TYPELIST_2(Pl, P2)>

{

public:
virtual R operator(Q(Pl, P2) = 0;
virtual FunctorImpl®* Clone() const = 0;
virtual ~FunctorImp1() {}

1

Kmaccer FunctorImpl mpeAcTaBisSiOT COOON YACTUYHBIC CHELMATM3AlNN HCXOITHOTO
mabsoHHOro Kiacca FunctorImpl. Mx cBoiicTBa monpoOHO omnucaHbl B riaBe 2. B Haiem
clyyae 4YacTU4YHas IMa0JIOHHAs CHeHUAaJM3alns II03BOJISIET OIIPEHCIsATh pa3Hbie BEepCHUU
Kjiacca FunctorImpl B 3aBUCMMOCTU OT KOJIMYECTBA DJIEMEHTOB B CITMCKE TUIIOB.

Kpome omeparopa () B kj1acce FunctorImpl ompeneeHBl IBe BCIIOMOIaTe/IbHbIE (DYHK-
HUU-4ieHbl — Clone U BUpPTyalbHbIA AecTpykTop. DyHKius Clone TpeaHa3HayeHa JUISt
co3maHusl moJuMop¢HOI Komuu o0beKTa kKiaacca FunctorImpl. (detanu monumMopdHOro

3 Hcrnonp3oBaHne KIIOUEBHIX CIOB typename wim c1ass s onpeaesieHus WAGTIOHHbBIX Tapa-
METPOB NMPUBOIMT K 3KBUBAJICHTHBIM pe3yjbTaTaM. B KHHIe MO yMOJYaHWIO MPHU OMpeneieHNH I1ad-
JIOHHBIX [TAPAMETPOB, KOTOPBIE MOTYT OTHOCUTBLCS K DJIEMEHTAPHBIM TUIIAM (Harmpumep iNnt), IpUHATO
KCIIOJIb30BaTh KJIIOYEBOE CJIOBO typename, a KioueBoe ClIoBO C1ass NpUMEHsIETCs JUIsl HIaGJIOHHBIX
MapaMeTpoB, TUIT KOTOPBIX ONMPEAEISIeTCS MOJb30BaTEIEM.
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KJIOHUPOBAaHUSI U3JIOKEHBI B IJaBe 8.) BupTyanbHBIA JECTPYKTOP IO3BOJISIET YHUUYTOXATH
00BEKTHI KJIACCOB, MPOM3BOAHBIX OT KJjacca FunctorImpl, mpuMeHsst ormepartop delete K
yKas3aTelo Ha 00beKT Kjacca FunctorImpl. BaxHocTh 3TOro aectpykropa ImoapoOHO 00Cy-
KIanach B IyiaBe 4.

Kraccuueckast peanmsanus Kjacca Functor mpuBefeHa HIXKE.

template <typename R, class TList>
class Functor

public:
Functor();
Functor(const Functor&);
Functor& operator=(const Functor&);
explicit Functor(std::auto_ptr<Impl> spImpl);

private:

// OnpepeneHve Tena (yHKTOpa
typedef FunctorImpl<R, TList> Impl;
std::auto_ptr<Impl> spImpl_;

1
B xiacce Functor WHTE/UIEKTYaJllbHBIM yKasaTelb Ha Kiace FunctorImpl<R, TList>, mpea-
CTaBIIIIONINI COOOI COOTBETCTBYIOILIMIA THII Tejla (PYHKTOpa, XPaHUTCS B BUAC 3aKPBLITOTO WiCHA.
[nst 3TOr0 BHIOpPAH CTAHAAPTHBII MHTEIUIEKTYalIbHbBINA yKa3aTelb std: :auto_ptr.

[IpuBeneHHEBINM BBIIIE KO WLTIOCTPUPYET HAIMYME y KJlacca Functor oIpeaeieHHBIX ap-
TeakToB, JEMOHCTPUPYIOIIMX €ro CeMaHTUKY 3HaueHuil. K 3TuM apredaktaM OTHOCSTCS
KOHCTPYKTOp MO YMOJYAHUIO, KOHCTPYKTOP KOIMPOBAHUS W OIepaTop mpucBauBaHus. SB-
HBII IeCTPYKTOP HE HYXEH, MOCKOJIbKY MHTEJJICKTYaJIbHbIN yKa3aTeslb auto_ptr aBToMaTu-
YECKU OCBOOOXIAET BCE PECYPCHI.

Kpome Toro, B kitacce Functor ompejaesieH “KOHCTPYKTOP paclIMpeHus”, TOJIydarolinii
yKazaTenab auto_ptr Ha kinacc FunctorImpl. KoHCTpyKTOp pacliMpeHUs ITO3BOJISIET OIpe-
JIeJISITh KJIACChl, TTPOU3BOIHbBIC OT Kjlacca FunctorImpl, M HEMOCPEICTBEHHO MHULIMATU3U-
poBaTh KJIacc Functor ykKa3aTelissIMM Ha HUX.

IMToueMy aprymMeHTOM KOHCTPYKTOpa pacIIMpEeHUs SIBJISICTCSI UTepaTop auto_ptr, a He
OOBIYHEBIN yKazaTeab? Co3maHue OOBEeKTa C IOMOINBIO yKa3aTelsl auto_prt SBHO CBHIE-
TEJLCTBYET O TOM, YTO O0BEKT Kjacca FunctorImpl mpuHAUIEXUT Kiaccy Functor. Bbi3bi-
Bas BTOT KOHCTPYKTOp, IIOJIB30BaTe/Ib KJiacca Functor OODKeH SBHO yKa3aThb THII
auto_ptr. Eciu oH caenan 310, 3HaYWUT, TTIOHUMAET, O YEM UAET peyb.*

4 Pasymeetcsi, 3T0 BOBce He o0si3aTesibHO. OIHAKO 3TO BCe 3Ke JIydlle, YeM MOJYa BIOMpPaTh OIMH
BapMaHT (KOMMPOBaHWE WM BiageHue). Xopolue GUOIMoTeKr Ha sisbike C++ OoTIMYaloTcs OXHOM
MHTEPECHOM OCOOEHHOCTBIO: KOTIa MOXET BO3HUKHYTh HEOMPEIeICHHOCTh, OHHM TTO3BOJISIIOT TOIbh30Ba-
TEJIO YCTPaHATh € C TOMOIIbIO sSIBHOTo Koma. C ApPYroil CTOPOHBI, CYLIECTBYIOT OMOJMOTEKHM, Hempa-
BUJIbHO UCTIONB3YIOIIE CBOMCTBA s13bika C++, ompeneieHHbIe MO YMOTYaHHIO (0OCOGEHHO Mpeobpaso-
BaHUs TUIOB W BlalieHHe yKaszaTeassmu). OHM MPeIOCTaBIISIOT MOJb30BATEIsIM MEHBIIE BO3ZMOXKHOCTEM
IUTSL TOTIOJTHUTEJILHOTO TIPOrpaMMHMPOBAHMsI, HO B KAaUueCTBE KOMITEHCAIIMKM MPUHUMAIOT COMHUTEIbHbIC
MPETONIOXEHUS U pellieHUsI, obieryast paboTy MoJb30BaTelIsl.
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5.5. Peanunsauusa oneparopa nepecbisiku
Functor::operator()

B xiacce Functor HeobxomuMm omeparop (), KOTOPBIN Mepechliaa Obl BBI3OB OIIEPaTOPy
FunctorImpl: :operator(). g 3Toro MoxXHo ObIJIO Obl BOCIIOJb30BAaTLCS MOAXOJ0M, KO-
TOPBIA MBI TIPUMEHSUIM IIpA pa3paboTKe camMoro kjiacca FunctorImpl, ¥ co3maTh TpYIITy
YaCTUYHBIX 1IA0JOHHBIX CIIeUMATM3AlMiA, KaXaash U3 KOTOPbIX COOTBETCTBYET KOHKPETHOMY
KOJIMYECTBY ImapamMeTrpoB. OgHAKO 3TOT MOOXOI 3[ech He romurcs. B kiacce Functor co-
JEPXKUTCSI TOBOJIBLHO OOJIbIIIOE KOJUUYECTBO KOAa, M ObUIO Obl HEpa3yMHOI TpaToOil BpeMEeHU
Y MaMSITA pa3MHOXKATh €ro TOJILKO IJISl TOTO, YTOOBI peann3oBaTh omnepatop ().

OpHako cHauaja IoIrnpoOyeM OIpeAeUTh TUIIBI MapaMeTpoB. TyT HaM Ha MOMOIIb TPY-
QYT CIIUCKU TUIIOB.

template <typename R, class TList>

class Functor

{
typedef TList ParmList;
typedef typename TypeAtNonStrict<TList, 0, EmptyType>::
Result Parml;
typedef typename TypeAtNonStrict<TList, 1, EmptyType>::
Result Parm2;
KaK U paHblie
1
Knacc TypeAtNonStrict gBisercs 1mabJoHOM, 00JalarolIMM AOCTYIIOM K TUIIY IO €ro
MO3WILINU B CIKUCKE TUMOB. Ecim Tum He HaiieH, B KayeCcTBEe TPEThEeTO ILIA0JJOHHOTO apry-
MEeHTa Kjacca TypeAtNonStrict 3amaercss pesysbrar (T.e. BHYTPeHHMI Kjiacc TypeAtNon-
Strict<...>::Result). B kauecTBe Tperhero aprymMeHTa BBEIOpaH Kjacc EmptyType, sSB-
JISIIOLIMICS, Kak clieayeT U3 ero HasaHus, mycthiM. ([lompoOHoe omucaHMe Kiacca
TypeAtNonStrict MOXHO HailTA B INIaBe 3, a OImMcaHMWe Kjacca EmptyType — B miiaBe 2.)
Hrak, Tum Parmn OyaeT 1mb0 A-M 3JEMEHTOM CIIMCKA THIIOB, OO THUIIOM EmptyType, ec-
JIM KOJIMYECTBO BJIEMEHTOB CIMCKA TUIIOB MEHbIIE, YeM V.
Yrtobhsl peanm3oBath omeparop (), BOCIIOJIb3yeMcs MHTEPECHBIM TprokoM. Orpenennm
Bce Bepcuu omeparopa () — s JI0OOro KOJIMYecTBa IMapaMeTpOB — BHYTPU OIpEACICHUS
Kjacca Functor.

template <typename R, class TList>
class Functor

¢ . KaK M paHble
public:
R operator() ()
{ return (*spImp1_)Q;
; operator() (Parml pl)
{ return (*spImpl1_)(pl);
; operator() (Parml pl, Parm2 p2)
{ return (*spImp1_)(pl, p2);
};}
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B yem cocTout Tpiok? s maHHOI KOHKpEeTM3allMM KiIacca Functor mpaBWIBLHOM SIBJISI-
eTcs TOJbKO ofaHa Bepcusi omeparopa (). Bce ocTajbHble BepCMM Ha 3Tarne KOMITUJISLIMU
MMOPOXKAAIOT COOOIIeHUST 00 ommbKax. MOXHO IIPeaIIoOXNTh, YTO Kjacc Functor He Oymer
CKOMITWJIMPOBAH BOBCE, MOCKOJIbKY B KaxIOW crenualu3aluy Kiacca FunctorImpl ompe-
JIeJIeH TOJIbKO onuH omepatop (), a He rpymiia, Kak B Kiacce Functor. Tpiok 3aKiodaeTcs
B TOM, 4TO B si3blke C++ (yHKIMM-WIeHbI 1Ia0JOHHBIX KJIACCOB HE KOHKPETU3UPYIOTCH,
noxa oHu He eévl36anbl. I10Ka He BBI3BIBACTCS HEMPABWILHBIN omepatop (), KOMIUISITOPY BCe
paBHO. Ilpu BBI30Be Teperpy:KeHHoro oreparopa (), HE MMEIOLIETO CMbICIA, KOMITUISITOP
ITOTBITAETCSI CTEHEPHPOBATh €ro TEJI0 M 0OHAPYXXUT HECOOTBETCTBHE.

// onpepensem GyHKTOp, nonyvawuuin napameTpbl Tuna int u double,

// v Bo3Bpauawuuin 3HavyeHue Tuna double.

Functor<double, TYPELIST_2(int, double)> myFunctor;

// Bbi3biBaeM ero.

// TeHepupyeTca Teno onepatopa operator() (double, int).

double result = myFunctor(4, 5.6);

// HeBepHbIi BbI3OB.

double result = myFunctor(); //oumbka!

// onepaTtop operator()() HeBepeH,

// NOTOMY 4TO OH He onpejaeneH B Kjnacce
// FunctorImpl<double, TYPELIST_2(int, double)>.

brnarogapsi 5ToMy TOHKOMY TPIOKY KJlacC Functor He 00s13aTeJIbHO YaCTMYHO MHMIIMATU-
3UPOBaTh IS HYJISA, OJHOTO, ABYX M OOJbIIe TapaMeTpOB — 3TO JIMIIb MPUBEICT K JAyOIu-
poBaHUIO Koma. J{oCTaTOUHO OMpeAe/IUTh BCEe BEPCUU U TTO3BOJIUTH KOMITHIISTOPY T€HEPUPO-
BaTh TOJILKO ONHY U3 HUX.

Terepb Bce BCIOMOTaTeIbHBIC CPEJCTBA CO3MaHbl, 1 MOXKHO TPUCTYIIATh K ONpPeaeICHUIO
KOHKPETHBIX KJIACCOB, NMPOM3BOAHBIX OT Kjlacca FunctorImpl.

5.6. PaGoTta c pyHKTOpamMm

Haunem pabGorath ¢ ¢yHKTOpaMu. DYHKTOPHI MPEACTABISIOT COO0M 3K3eMIUISIPHI KJlac-
COB, B KOTOPHIX oIpenelieH omeparop (), Kak B Kjacce Functor (T.e. 00BbEKT Kitacca Func-
tor u cam sBiasierca ¢yHkropom). CrenoBarelbHO, KOHCTPYKTOP Kjacca Functor, IMojy-
YapIIni 00BEKT KiIacca Functor B Ka4eCTBE IapaMeTpa, SIBJISIETCS IIa0JI0OHOM, ITapaMeTpH-
30BaHHBIM TUIIOM 3TOTrO (DYHKTODpA.

template <typename R, class TList>

class Functor

{
public:
template <class Fun>

Functor(const Fun& fun);

KaK W paHblle

;

Jist Toro 4TtoOBI peaan3oBaTh 3TOT KOHCTPYKTOpP, HaM HYXEH IIPOCTOM IaOJIOHHBIA
Kji1acc FunctorHandler, mpou3BOAHBIA OT Kiacca FunctorImpl<R, TList>. DTOT Kjacc
XpaHUT OOBEKT THUMa Fun u mepemaer emy oreparop (). Peamusys omepatop (), MBI IIpu-
OerHeM K ONMKMCAHHOMY BHIIIIE TPIOKY.

Yrtobbl m30eXaThb ONpeAC/ICHUsS CIMIIKOM OOJBIIOr0 KOJIMYECTBA IIapaMeTpOB Kiacca
FunctorHandler, caenaem 11abJOHHBIM MapaMeTPOM caMy KOHKpPETM3allMio Kjacca Func-
tor. DTOT eAMHCTBEHHBINM MapaMeTP COAEPKUT OCTAIBHBIC, ITOCKOJILKY OH IIPEayCMaTpPUBAET
BHYTPEeHHUIA omnepaTop typedef.
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template <class ParentFunctor, typename Fun>
class FunctorHandler
public FunctorImpl
<
typename ParentFunctor::ResultType,
typename ParentFunctor::ParmList
>

t
public:
typedef typename ParentFunctor::ResultType ResultType;

FunctorHandler(const Fun& fun) : fun_(fun) {}
FunctorHandler* Clone() const
{ return new FunctorHandler(*this); }

ResultType operator()(Q

return fun_Q;

3

ResultType operator() (typename ParentFunctor::Parml pl)

return fun_(pl);
}

ResultType operator() (typename ParentFunctor::Parml pl,
typename ParentFunctor::Parm2 p2)

return fun_(pl,p2);
}

private:

Fun fun_;

1

Knacc FunctorHandler mouytu He omIM4aeTrcs OT Kjacca Functor. OH mepeanpecoBbl-
BacT 3aIlpOCHl COXpaHSIeMO mepeMeHHOK-uwIeHy. OCHOBHOE OTIMYME 3aKJII0OYAeTCS B TOM,
yTo (PYHKTOpP XpaHUTCS KaK 3HaYeHUE, a He KaK ykasarejb. BoT moueMy GyHKTOpHI SIBJIsI-
IOTCSI HEMOJUMOP(PHBIMA TUITAMU ¢ OOBIYHONM CEMAaHTUKON KOIHUPOBAHUSI.

OOpaTuTe BHMMaHWE Ha BHYTPEHHME TUIIBI ParentFunctor::ResultType, Parent-
Functor::Parml u ParentFunctor::Parm2. B ximacce FunctorHandler peaau3oBaH mpo-
CTOIl KOHCTPYKTOp, (PYHKIUS KJIOHMPOBAHUS M HECKOJIbKO Bepcuii omepaTtopa (). Kommu-
JIITOpP caM BBIOEPET IpaBMIIBHBIN BapuaHT. Eciau meperpyska omeparopa () BEIIIOJHEHa He-
BEPHO, KOMITWJISITOP BBIAACT COOOIeHUE 00 OLIMOKE.

B peamuzanum kinacca FunctorHadler HET HUYETO HEOOBIYHOIO, HO 3TO BOBCE HE O3HA-
YyaeT, YTO OHAa TpUMBMaibHA. B ciemylolliem pasnene OyaeT moka3aHO, KaKOil yHUBEPCAIbHO-
CTBIO 00JIaJaeT 3TOT HeOOJIBIION IIa0JIOHHBINA KJIacc.

C nomouiblo 00bsIBJICHUST KJlacca FunctorHandler jierko Hamvcarth 11a0JOHHBIM KOHCT-
PYKTOp Kjacca Functor.

template <typename R, class TList>

template <typename Fun>

Functor<R, TList>::Functor(const Fun& fun)
spImpl_(new FunctorHandler<Functor, Fun>(fun));
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3nech HET HUKaKOW OmMOKHU. /IBa Habopa 1IAGJIOHHBIX MAapaMeTPOB YKa3aHbl MPaBUJIb-
HO: BbIpaxeHue template <typename R, class TList> OTHOCUTCSl K Kjaccy Functor,
a template <typename Fun> sBIsSIeTCS TTapaMeTpOM KOHCTpyKTopa. B cranmapte s3bIka
TaKOM KoOJ Ha3bIBaeTcs “IIA0JIOHHBIM OIpeie/ieHMeM ujieHa BHe Kiacca” (“out-of-class
member template definition”).

B Tene koHCcTpykTOpa mepemMeHHas spImpl_ ycTaHaBIMBAeTCSl Ha HOBBIM OOBEKT THIA
FunctorHandler, KOHKPeTU3UPOBAHHBIN 1 MTPOMHUIINATU3UPOBAHHBIM COOTBETCTBYIOIIMMU
apryMeHTaMu.

EcThb enie koe-4to, 0 4eM CJIeIoBao Obl YIIOMSIHYTh, KOE-4TO, TIO3BOJISIIONIECE JIyYIle T0-
HSATh peaiusaluio kiaacca FunctorHandler. O6pature BHUMaHWE Ha TO, YTO MpPHU BXOJE B
TEJIO KOHCTPYKTOpa KJlacca Functor mojHas WHGOpMAIUsS O THUIAX yXKe CONCPXHUTCS B
mabsoHHoM mapaMerpe Fun. Ilpu BbIxoJe M3 KOHCTPYKTOpa 3Ta MHMOpMauusi TepsieTcs,
MTOCKOJIbKY BCeM 0OBEeKTaM Kjacca Functor M3BECTeH JIMIIb yKasaTellb spImpl_, cchlialo-
muiicss Ha 0a30BbIN Kjaacc FunctorImpl. DTa ouyeBuaHas ToTepsi MH(OpMaLUU BecbMa
TpYMeyvaTeIbHa: KOHCTPYKTOp 3HAeT TUIT U IEHCTBYET MOMOOHO (habpuKe, Mpeobpasyroeii
9TOT TUM B nojauMopdHoe noseneHue. MHdopmanus o TUax coxpaHsieTcsl B AMHaAMUYe-
CKOM yKa3zareJsie Ha Kjacc FunctorImpl.

XoTs Mbl HaMUCAJIU JIMIIb YacTh KoAa (MPOCTO HECKOJbKO (DYHKIIMI, COCTOSIIMX U3 Of-
HOI CTPOKM), YK€ MOKXHO KOE-4TO MPOBEPHUTD.

// Npeanonoxum, 4yTo ¢hamn Functor.h Bk/wo4eH

// B peanu3aumiw knacca Functor

#include "Functor.h"

#include <iostream>

// Dna Hebonbuwmx nporpaMMm Ha C++ MOXHO MPUMEHSATb

// BMpeKTUBY using
using namespace std;

// Oonpepensem TecTUpyembld GYHKTOP
struct TestFunctor

{
void operator() (int i, double d)
{
cout << "TestFunctor::operator(QQ(" << i
<< ", " << d<< ") called. \n";
}
};
int mainQ)
TestFunctor f;
Functor<void, TYPELIST_2(int, double)> cmd(f);
cmd(4, 4.5);
}

DTa MaJleHbKasl TporpaMMa BBIBOJUT Ha I1€YaTh CJIEAYIOLIYIO CTPOKY.
TestFunctor: :operator() (4, 4.5) called.

C.HCI[OBaTeJII)HO, MbI JTOCTUTIJIM CBOEW LIEJIH. Tenepb MO2XHO MATU JaJIbILIC.

5.7. OgvH nuwem, aBa B yme

WTast 1pedb Wil pasnen, He 3amaBalucCh JIM BBl BompocoM: “IloyeMy MbI He Hayauu C
q , “I1
peam3aiyy IPOCTHIX yKa3aTesleil Ha oObrMHbIe (yHKImuM?”. 3adeM MBI MEPECKOYMIM Ccpady K
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(bynkropam, mabnonam u 1.11.? OTBET NIPOCT — TOMAEPXKKA yKazaTesneir Ha OObIYHBbIE (DYHKIIUMU
Yorce pearu3osana. VI3MeHUM HEMHOTO Hallly TECTOBYIO MPOrpamMMy.
#include "Functor.h"

#include <iostream>
using namespace std;

// onpepensiem TecTupyemyw (YHKLUIO
void TestFunction (int i, double d)

{
cout << "TestFunction(" << i
<< ", " << d<< ") called. \n"<<endl;
}
int mainQ)
Functor<void, TYPELIST_2(int, double)> cmd(TestFunction);
// BbiBeAeT Ha neyaTb CTPOKY
// "TestFunction(4, 4.5) called."”
cmd(4, 4.5);
}

OOBsICHEHWE 3TOro MPUSTHOTO CIOPIPHU3a KPOEeTCsl B CIIOco0e BbIBOMA 1IAOJOHHBIX MapameT-
poB. Korma koMmuisitop oOHapy>KMBaeT KjacCc Functor, co3maHHbIM U3 (yHKIMM TestFunc-
tion, OH BbIHYXXIEH MPOBEPUTH 1HAOIOHHBIA KOHCTPYKTOP. 3aTeM KOMITUJISITOP KOHKPETU3UPYET
1abJIOHHBI KOHCTPYKTOP 1a0JIOHHBIM aprymeHToM void (&) (int, double), mpencrasisio-
UMM co0Oii TUM 3HaYeHUs1, BO3BpalliaeMoro pyHkuuein TestFunction. KOHCTpYKTOp KOHKpeTH-
3upyeT Kiacc FunctorHandler<Functor<...>, void (&) (int, double)>. CiemoBarenbHO,
nepeMeHHast fun_ B kiacce FunctorHandler Takcke umeet Tvm void (&) (int, double). Ilpu
BbI30Be oreparopa FunctorHandler<. . .>::operator() oH nepenaercs dpynkuuu fun_(). 3to
BITOJIHE JOMYCTUMasi CUHTaKCUYeCKasi KOHCTPYKIIUSI, O3HaYarollasi BbI30B (DYHKIIMU C TIOMOIbIO
ykazatensi. Mtak, kiacc FunctorHandler moamepXXuBaeT ykazaTelyd Ha BHeLIHME (DYHKUIUU TIO
JIBYM TpUYMHaM: O1arofapsi CMUHTaKCMUECKON CXOXKeCTH ykaszatesiell Ha GyHKUMU U (yHKTOPOB U
OCOOEHHOCTSIM MeXaHM3Ma BbIBOJA TUTIOB B si3bike C++.

OpHako ecTb ogHa mpobsieMa. (Y Bcex ecTb CBOM HemocTatku, He Tak au?) Ilpu mepe-
rpy3ke (pyHkimu TestFunction (uau 0001 Apyroit (pyHKIMKU, KOTOpasl mepenaercs Kiac-
cy Functor<...>) BO3HMKAaeT HeoMNpeaeJeHHOCTh. Ee mpuuuHa 3akjiioyaeTcsi B TOM, UTO
npu neperpyske (GpyHKimu TestFunction TMN cuMBoja TestFunction CTaHOBUTCS HEOII-
peneaeHHbIM. YTOObI MPOUJUTIOCTPUPOBATL ITOT (haKT, MOMECTUM IMEPErpyKeHHYI0 BEPCUIO
(yHk1IMU TestFunction npsmo nepen GyHKIMeH main.

// 0bbABNEHWE neperpyxeHHom GyHKuuum TestFuction

// (onpepeneHne He o6s3aTenbHO)

void TestFunction(int);

HeoxnnaHHO KOMIUISTOP COODIIAET, YTO HE MOXET PACIO3HATh, KAKYIO U3 MEPErpyKEHHbIX
Bepcuii (yHKIIMK TestFunction ciemyeT ucroib3oBath. [10CKOMBKY ecTh ABe (DyHKIIMU C UMe-
HeM TestFunction, OHOro UMEHU AJIs1 UAeHTUDUKAIMU DYHKIIMU HEJOCTATOUHO.

B cymHocTu, mpu meperpy3ke ecTb ABa crocoba HMASHTUUUMPOBATb KOHKPETHYIO
(byHK1LMIO: ¢ TTOMOILbIO MHULIMAIM3AUUM (UM MPUCBAMBAHUSI) UM C TIOMOILIbBIO MpUBEIE-
Hus TunoB. [1pousuiiocTpupyem oba meTtona.

// Kak u Bblle, GyHKUMA TestFunction neperpyxeHa
int mainQ)

// bDna ynobcTBa uMcnonb3yeTcs onepatop typedef
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typedef void (*TpFun) (int, double);
// Cnocob 1: uHuMumanunsauua
TpFun pF = TestFunction;
Functor<void, TYPELIST_2(int, double)> cmdl(pF);
cmd1(4, 4.5);
// Cnocob 2: npueeaeHwe TUMNOB
Functor<void, TYPELIST_2(int, double)> cmd2(
static_cast<TpFun>(TestFunction)); // Bce npaBuibHO!
cmd2(4, 4.5);
}

006a crmocoba WHHUIMATU3AIMK TTO3BOJISTIOT KOMITWJISITOPY Pacllo3HAaTh TpeOyeMyro Bep-

cuto GhyHKUIMU TestFuction, KoTopas J0JKHA TMOoJyyaTh mapaMeTpsl TUIa int u double, u
HE BO3BpalllaTh HUKAKUX 3HAYEHUIA.

5.8. Npeobpa3oBaHue TUNOB apryMeHTOB
M BO3BpaLL,aeMoro sHa4eHus

B uneane mpeoOpa3zoBaHue TUIIOB [JisI (DYHKTOPOB JOJDKHO BBIMIOJHSITHCS TakK Xe, KaK U
TP BBI30BaX OOBIMHBIX (YyHKIMIA. Torma MOXHO ObLIO OBl HaIMCaTh MTPUMEPHO TaKOM KOJI.

#include <string>

#include <iostream>
#include "Functor.h"
using namespace std;

// APryMeHTbl UFHOPUPYWTCA — B [AAHHOM Mpumepe
// OHU He NpeACTaBASAWT MHTepeca
const char* TestFunction(double, double)

{
static const char buffer[] = "Hello, world!";
// MOXHO BepHYTb yKa3aTesb Ha cTaTuyeckun bydep
return buffer;

}

int mainQ)

Functor<string, TYPELIST_2(int, int)> cmd(TestFunction);
// DonxeH BbIBOAUTb Ha meyaTb CTpoky "world!"
cout << cmd(10, 10).substr(7);

}

Hecmotpst Ha To uTO curHatypa (aktryeckoi (GyHKMM TestFunction HEMHOrO OTIMva-
eTcs (oHa mojydvaet aBa mapamerpa Tuna double W Bo3BpalllaeT KOHCTAHTY Tura char®), eit
MOXXHO IIOCTaBUTh B COOTBETCTBME (PYHKTOpP Functor<string, TYPELIST_2(int, int)>.
INpeanonaraercs, 4To 3TO BO3MOXHO, MOCKOJBKY THIT int MOXHO HESIBHO NpeoOpa3oBaTh B
tun double, a 3HayeHue Tumna const char* — B tun string. Eciu xmacc Functor He moa-
JIEP>KUBAET Te Xe Mpeodpa3oBaHus, uTo U sA3bIK C++, TO Takue XeCcTKUe OrpaHWYeHUsl Clemy-
€T CUMTAThb HEONPABAAHHBIMU.

[ns Toro 4ytoObl yIOBJIETBOPUTH HOBbIE TPeOOBaHWS, HE HYXHO MUCAaTh HOBBINH KOJ.
IMpuBeaeHHBIN BbIlE TIPUMEP KOMIUIMPYETCSI M BhIMONHsIeTCs O6e3 nmpoobsem. [Mouemy? Kak
U TIpeXJe, OTBET CleayeT UCKaTh B OMNpeAesieHuH Kiacca FunctorHandler.

[TocMoTpuM, YTO TPOM3OMAET MOCIEe KOHKPETU3alMKU 1IabJioHa B MPUBEJEHHOM BBIIIE
npuMepe. OyHKIUS

string Functor<...>::operator()(int i, int j)
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repenaeTcss BUPTYyaJIbHOU (PYHKIIUK
string FunctorHandler<...>::operator(Q(int i, int j)

Peanu3zanusa BupTyasbHON (DYHKIIMU BBHITTOJHSIET BHI30OB
return fun_(i, j);

3nech dynkumst fun_ mmeer i const char*(*) (double, double) u BhMmCIsICT 3HA-
yeHue HyHKIMU TestFunction.

Kornma xoMnumsitop o6HapyXuT BbI30B (PyHKIIMM fun_, OH HOPMAJIBHO €r0 CKOMITUJIMPY-
€T, KakK ecjii Obl Bbl HaMucalu 3TOT BbI30B COOCTBEHHOPYYHO. CJI0BO “HOpMaibHO” O3Haya-
€T, YTO TpaBWJia MPeoOpa3oBaHUSI TUIIOB MPUMEHSIOTCS KaK OOBIYHO. 3aTeM KOMITUJISITOP
reHepupyeT Ko, Mpeodpa3oBbIBAOIIMN MepeMeHHbIe i M j B TUII double, a pe3yabrar — B
™I std: :string.

YHuBepcaibHOCTb U TMOKOCTh Kilacca FunctorHandler WIIOCTpUpPYET MOIIb FeHepa-
uun Koma. CMHTaKcuYecKas 3aMeHa MapaMeTpoB 111abJI0HAa COOTBETCTBYIOIIMMM apryMeHTa-
MM TO3BOJISIET OMEPUPOBATh C MPOrpaMMON Ha YPOBHE MCXOJHOro Tekcra. B ormimume or
3TOTr0, MOIIb OOBEKTHO-OPUEHTUPOBAHHOTO MPOTPAaMMUPOBAHUS TPOSIBISIETCS B TO3IHEM
(rmocne KOMNWJISILIMKM) CBSI3bIBAHMM MMEH C MX 3HaueHUsiMU. TakuM o0Opa3oM, OObEKTHO-
OPUEHTUPOBAHHOE TPOrPaMMHUPOBAHUE CITOCOOCTBYET MOBTOPHOMY MCIIOJIB30BAHUIO KOJa B
(opMe OMHApHBIX KOMIIOHEHTOB, B TO BpeMsl Kak 0000IIEHHOE MpOrpaMMUPOBAHUE TMOOII-
psIeT MOBTOPHOE MCTOJIb30BaHUE UCXOAHOTO Kona. [1oCKoabKy MCXOAHBINM KO IO ompeese-
HMIO Oosiee MH(pOPMATUBEH M HAxXOAMTCS Ha OoJjiee BHICOKOM YPOBHE, YeM OWHApHBI,
000011IeHHOE TTPOrpaMMHPOBaHUE TMO3BOJISIET CO3aBaTh 0oJyiee CIIOXHbIE KOHCTpYKuuu. On-
HaKO 3TO TMPOUCXOAMT 3a CYET 3aMeJIeHUs! BBINMOJAHEHUsT nporpammbl. Co cTaHIapTHOM
O6uOIMOTEeKON 11a0JIOHOB HEBO3MOXHO paboTaTh Tak Xe, Kak ¢ TexHosnorueit CORBA, u Ha-
000pOT. DTU JBE TEXHOJOTMU JOMOJHSIOT APYT Apyra.

Temepr MBI MOXeM paboTaTh ¢ (PYHKTOpAMHU BCEX BUOOB M OOBIYHBIMM (DYHKIIMSIMM, WC-
MOJIb3ysl OIMH U TOT X€ 0a30BbIi KoA. B KauecTBe BO3HArpaxkieHUsI Mbl MOJTY4aeM BO3MOX-
HOCTb HESIBHO MPeoO0pa30BbIBATh THUITbI aPTYMEHTOB M BO3BPAIlA€MOT0 3HAUYEHUSI.

5.9. YkasaTtenu Ha QYHKLUUN-YJIE€HbI

Ykazamenu na @yukyuu-uiens He 9acTO BCTPEUAIOTCS B TIPOTPAMMMCTCKOM TIPaKTUKE, HO
MHOTAa OHM OKAa3bIBAIOTCS OYeHb Moye3HbIMU. OHM aHAJIOTMYHBI yKazaTesisiM Ha OObIYHbIE
(yHKIIMKM, HO TIpPU BBI30BE (DYHKIMU-YIEHA HYXXHO TepeaaBaTh OOBEKT (TOMUMO apryMEHTOB).
CHHTaKCUC M ceMaHTHKa yKa3zarteJieil Ha (YHKIIMU-WIEHbI OMUCHIBAETCS CIIEAYIOIIMM MPUMEPOM.

#include <iostream>
using namespace std;

class Parrot

{ .
public:
void Eat()
{
cout << "HAM, HAM, Ham ...\n";
1
void Speak()
{
cout << "Mmactpbl! MuacTpsi!\n";
1
1
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int mainQ)

// Onpepensem TUN: yKas3aTesb Ha (QyHKUUIO-4YNeH
// Knacca Parrot, He uMelllyld NapamMeTpoB WU
// He BO3Bpalawilyld HUKAKUX 3HAYEHUN

typedef void (Parrot::* TpMemFun)();

// Co3paem 06beKT yKa3aHHOro Tuna

// W vuHMUManNu3upyem ero ajapecom (GyHKuuu Parrot::Eat
TpMemFun pActivity = &Parrot::Eat;

// Co3paem obbekT knacca Parrot

Parrot geronimo;

// ... W yKasaTenb Ha Hero

Parrot* pGeronimo = &geronimo;

// C nomoulbldo 0obbekTa Bbi3biBaeM (YHKLMIO-Y/IEH,

// aapec KOTOpPOM XpaHUTCA B yKasaTene pActivity.
// 0bpaTuTe BHUMaHME HaA onepaTop
(geronimo.*pActivity) Q;

// Denaem TO Xe camoe, HO C MOMOLUb yKa3aTens
(pGeronimo->*pActivity) Q;

// W3MeHsieM JencTBue

pActivity = &Parrot::Speak;

// NPOCHUCb, [OXepoHuMO!
(geronimo.*pActivity) Q;

}

[MpurasineBiivich BHUMaTebHEE K yKazaTesissM Ha (YHKIMU-YWIEHbI U IBYyM CBSI3aHHBIM C
HUMU ofepaTtopaM — .* U ->*, MOXHO 3aMETUTb CTpaHHbIe OCOOeHHOCTU. B si3pike C++
HE CYIIECTBYyeT TuMa s pesysibrata paboTbl (yHKIMI geronimo.*pActivity wu
geronimo->*pActivity. C obeuMu OMHApHBIMHU OIlepalusIMU Bce B Topsinke. OHU BO3-
BpalllaloT HeUTO, K YeMy MOXKHO HEIOCPEICTBEHHO MPUMEHSTH OIepaTop BbI30Ba (hYHKIIVH,
HO 3TO “HeyTo” He MMeeT TuIla.’ Pe3yibTaT BHIIIOJHEHUST OIEPATOPOB . * U ->* HEBO3MOX-
HO XpaHWUTb HU B KaKOM BMIIE, XOTSI OH TMPENCTaBIsIeT COOOIM CYIIHOCTh, OOECIEeUYNBAIOLLYIO
CBSI3b MEXIY OOBEKTOM M yKazaTejeM Ha (QYHKIMIO-WIEeH. DTa CBS3b BBIIVISIAUT OUY€Hb He-
npoyHoii. OHa BO3HUKAET U3 HEOBITUSI cpasy IOC/e BbI30Ba OMEPATOPOB . * WUIU ->*, Cylle-
CTBYET JOBOJIBHO JOJITO ISl TOTO, YTOOBI K HEl MOXHO ObLIO MPUMEHUTH omepatop () u
BO3BpallaeTcs B 00paTHO HeObITHE. bosbllie ¢ Hell HUYero cieaaTh Helb3s.

B sa3bike C++, B KOTOpOM KaxXIblii OObEKT MMEET THUI, pPe3yJibTaT pabOThl OMEepaTopoB

* WA ->* SABISETCS €AMHCTBEHHBIM UCKIoueHUeM. [TOHSITh ero ele CloXHee, YeM He-
ONIHO3HAYHOCTh YyKazarejeld Ha (yHKUMM, BBI3BAHHYIO TNEPErpy3Koil, pacCMOTPEHHYIO B
npeapiayieM pasaesne. Tam Mbl UMEIM CAMIIIKOM MHOTO TUIIOB, HO HE MOIIU CAEIaTh OJHO-
3HAYHBI BBIOOP; 3/1€Ch Y HAC BOOOIE HET HM OmHOro tuma. [1lo 3Tol MpuuyMHe yKazareiau
Ha (DyHKUMM-YWIEHBl W 1Ba CBSI3aHHBIX C HUMU OMNEepaTopa MPeacTaBisiioT cO00i yaIUBUTEb-
HO HENpoIyMaHHYIO KOHIemnuuoo B s3bike C++. Kcratu, ccbulok Ha (yHKUMU-YJIEHBI HE
ObIBaeT (XOTSI MOXHO CO3MaTh CCbUIKMA Ha OObIYHbIE (DYHKIIMU).

B Hekotopbix koMmnuisiTopax si3bika C++ BBOAMTCS HOBBIN THII, YTO MO3BOJISIET XPAHUTh pe-
3YJIBTAT BBIMIOJIHEHUS OTIEPaTopa . * C MOMOLLBIO CIEAYIOLIEH CUHTAKCUYECKOM KOHCTPYKLIMM.

5 B omucannu cranHaapra sssika C++ ckazaHo: “EciiM pesysnbTaToM BHIIOJHEHHS OIEpaTopoB . *
u ->%* gpisercs (DYHKLMsI, 3TOT PE3YJbTAT MOXET OBITh MCIIOJNB30BaH JIMIIb B KayeCTBE OIepaHIa
omneparopa BbizoBa ¢yakunn ().
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// __closure — pacuwupeHue A3blka,

// onpeaeneHHoe B HEKOTOPbIX KOMNUAATOpax

void (__closure:: *geronimoswork) () =

geronimo.*pActivity;

// Bbi3biIBaeM HYXHY GYHKLMIO

geronimoswork();

Tun 3HavyeHwMsi, Bo3BpalllaeMoro GyHKUMeH geronimoswork, He COOEPXUT HUKAKOM
nHpopmauu o Kiacce Parrot. 3To 3HAUUT, YTO B AaybHeNIIeM (GyHKINIO geronimoswork
MOXHO CBS13aTh C APYTUM KJlaccoM. Bce, 4To sl 3TOro Hy>XXHO — THUN BO3BpalllaeMOro 3Ha-
YeHUsI M apryMeHTbl yKazarejsi Ha (yHKuuio-wieH. MakTruuecku 3TO paclIMpeHue Si3bIKa
MpeICcTaBIsieT co00 HEKYI0 Pa3HOBMIOHOCTh Kjacca Functor, HO €ro IpUMEHEHUe OrpaHU-
YeHO 00beKTaMM M (QYHKLUAMU-4YIeHaMU (Ha OObIYHbIE QYHKLMU U (PYHKTOPHI 3TO paCIlM-
peHUe He PacIpPOCTPAHSIETCS).

IMepeitneM K peanu3aliud CBA3bIBaHWS yKaszaTeneil ¢ (GyHKIMSIMM-WIieHaMM Kiacca
Functor. OnbIT paboTsl ¢ PyHKTOpaMu U (YHKIUSIMU MOJACKA3bIBAET, YTO OBLIO ObI XOpO-
10 OCTaThCsl HA BHICOKOM YPOBHE aOCTpaKIMM U 10 MOPHI 10 BPEeMEHM IpeHeOpeyb CIelu-
¢uxkoit. B peammzanmum xiacca MemFunHandler tum o0beKTa (B MpeAbIOyIIEM IIpHUMEpe MM
ObLI KJIacc Parrot) siBisieTCsl 11aOJIOHHBIM TapaMmeTpoM. boisiee Toro, ykasareiab Ha (PyHK-
LIUIO-YIEH MBI TaKKe cAelacM IIa0JOHHBIM MapaMeTpOM. DTO ITO3BOJUT CBOOOTHO BBIMIOJ-
HSITh aBTOMaTUYECKOe IMpeoOpa3oBaHKMe TUIIOB B peajmu3aliuy Kjiacca FunctorHandler, xo-
Topasi IIPUBOOUTCS HIKe. B 3TOl peanm3anuy BOIUIOIIEHBI OIMCAHHBIC BEHILIEC WMIOSH, a TaK-
K€ HEKOTOphIE UAEH, YK€ MCIIOJIb30BaHHbIE TIPU pa3pabOTKe Kiacca Functor.

template <class ParentFunctor, typename PointerToObj,

typename PointerToMemFn>
class MemHandler
public FunctorImpl
<

typename ParentFunctor::ResultType,
typename ParentFunctor::ParmList

public:
typedef typename ParentFunctor::ResultType ResultType;
MemFunHandTler(const PointerToObj&, PointerToMemFn pMemFun)
pobj_(pobj), pMemFn_(pMemFn) {}

MemFunHandler* Clone() const
{ return new MemFunHandler(*this); }

ResultType operator() ()
{

return ((*pobj_).*pMemFn_) () ;

ResultType operator() (typename ParentFunctor::Parml pl)
return ((*pobj_).*pMemFn_) (pl);

ResultType operator() (typename ParentFunctor::Parml pl,
typename ParentFunctor: :Parm2 p2)

return ((*pobj_).*pMemFn_) (pl, p2);
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private:

PointerToObj poObj_;
PointerToMemFn pMemFn_;

};

ITouemy mapameTrpoM 111abJOHHOTO Kjacca MemFunHandler siBisieTcsl TUN yKasaTeJsi
(PointerToObj), a He Tunm camoro obbekTa? bojiee ecTeCTBEHHO BBITJsAAENa Obl Takas
peanuzanusi.

template <class ParentFunctor, typename Obj,

typename PointerToMemFn>

class MemHandler
public FunctorImpl

<
typename ParentFunctor::ResultType,
typename ParentFunctor::ParmList
>
{ .
private:
Obj* pObj_;
PointerToMemFn pMemFn_;
public:
MemFunHandler(0Obj* pObj, PointerToMemFn pMemFun)
: pobj_(pobj), pMemFn_(pMemFn) {}
1

[MonsaTs Takoi Ko Obu1O OBl Tpoiie. OmHAKO TiepBasi peajusaivs siBisieTcs Oojiee 0000-
1IeHHOM. Bo BTOpy10 peanusalyio BCTPOEH TUI “ykazaTesb Ha 0OBEKT”, MPUYeM 3TOT yKa-
3aTelib TIPEACTABISIET COOOI MPOCTO anpec oObekTa Kiacca Obj u OGonbiie Huyero. Moxer
JI 3TO CO3/aTh NpodJeMbl?

KoHeuHo, ecnu MOHamAOOMTCS TIPUMEHUTh WHTEIEKTYalIbHbIE yKa3aTeJlu Ha OOBEeKThI
ki1acca MemFunHandler. Yoenunuce? [lepBas peanuzaivsl MoaiepKUBAeT MHTEJJICKTyallb-
Hble yKa3areju, a Bropasi — HeT. [lepBas peanusanusi MOXET XpaHUTb JIFOOOU T, delicm-
6yOWUll KaK ykKaszaTelib Ha OOBEKT, a BTOpasi XpaHUT U MCMOJIb3YET TOJBKO TMPOCThIE yKa3a-
Teau. bosee Toro, Bropasi Bepcusi He paboTaeT ¢ ykasaTeJssMUM Ha KOHCTaHThl. BOT Kak mpo-
SIBJISIIOTCSI HETaTUBHbBIE YEPThI KECTKO BCTPOEHHBIX TUTIOB.

[TornpobyemM mnpoTecTUPOBaTH TOJABKO YTO CO3JAAaHHYIO peaJu3alli0 Ha MpUMeEpe
Kjacca Parrot.

#include "Functor.h"

#include <iostream>
using namespace std;

class Parrot

{
public:
void Eat()

cout << "HAM, HAM, Ham ...\n";
}
void Speak()
{

cout << "MuacTpsl! NMuacTpbi!\n";
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int mainQ)

Parrot geronimo;

// Onpenensiem aBa GyHKTOpa

Functor<void>
cmdl(&geronimo, &Parrot::eat),
cmd2 (&geronimo, &Parrot: :Speak);

// Bbl3biBaeM KaxAbll U3 HUX

cmd1(Q);

cmd2 () ;

}

ITockonbky Kiacc MemFunHandler mo/kKeH OBITh KaK MOXHO OoJjiee OOIIMM, aBTOMAaTH-
YecKoe Ipeo0pa30BaHNe TUIIOB BBIIOIHSICTCS COBEPILICHHO CBOOOIHO — aOCOIIOTHO TaK Ke,
Kak U B KJjlacce FunctorHandler.

5.10. CBa3biBaHue

Ha atom MBI MO/ OB OCTaHOBUTBLCS. Temepb Yy Hac Bce €CTh — KJlacc Functor mom-
JIEP>KMBAeT BCe BBI3BIBAEMbIC CYIIHOCTU si3bika C++, ompenesieHHBIE BBINIE, TPUYEM JeIacT
3TO BechbMa ycrmellrHo. OmHako, KaK Mor yoemuTbes [IurManmoH, HauwHas paboTy, HEBO3-
MOXHO TIpe/icKa3aTh, KaKOB OyJeT ee pe3y/ibTar.

IMockonmbKy Kiacc Functor ye roToB, BO3HMKAIOT HOBBIC Muew. Hampumep, XoTenoch ObI
MMETh BO3MOXKHOCTb KOHBEPTUPOBATh TUIT Functor B Apyroi Tur. OIHUM U3 TaKMX TIpeodpa3o-
BaHWUii siBIsieTcst cesazbieanue (binding). IMycTh 3amaH Kiace Functor, MojJyYaoliuii Lejible Yucia.
MbI XOTUM CBSI3aTh OMHO M3 3THUX ILIEJIBIX YMCET C HEKOTOPHIM (DMKCHPOBAHHBIM 3HAYCHHEM, a
BTOPOE OCTaBUTH TepPeMEHHBIM. Takoe CBS3bIBAHWE IMOPOXIACT HOBBIM Kilacc Functor, Toiy-
YaIOIIMI TOJBKO OTHO 1IEJI0e YMCIIO, TIOCKOJIBKY BTOpPOE 3a(UMKCHPOBAHO U, CIICHOBATEIbHO, W3-
BecTHO. OTUCaHHOE BBIIIIE CBSI3BIBAHUE WLTIOCTPUPYETCS CICIYIOIIM TIPUMEPOM.

void Q)
{

// OnpeaenseM (QyHKTOp C ABYMS aprymeHTamu
Functor<void, TYPELIST_2(int, int)> cmdl(something);
// CBA3blBaeM NepBbll aprymeHT co 3HayeHuem 10
Functor<void, TYPELIST_1(int)> cmd2(BindFirst(cmdl, 10));
// 3kBuBaneHTtHo cmdl(10, 20)
cmd2 (20) ;
// 3aTem cBfA3biBaeMm nepsbit (M TOMBKO MEPBbIN) ApPryMeHT
// tyHkTOpa cmd2 co 3HayeHuem 30
Functor<void> cmd3(BindFirst(cmd2, 30));
// 3kBuBaneHtHo cmdl(10, 30)
cmd3();

}

CBs3bIBaHME — MOIIIHOEe Opyxue. OHO TMO3BOJSIET XPAaHUTh HE TOJBKO BbI3bIBAEMbIE
CYLIIHOCTHM, HO M 4acTb (MM BCE) UX apryMEHTbl. DTO 3HAUYMTEJIbHO PaCIIMpPsieT BO3MOXHO-
CTU (PYHKTOPOB, MOCKOJIbKY TeMepb MOXHO YMaKOBbIBaTh (YHKIMU U apryMEeHTbl, HE MpPU-
Oerasi K TeHEpalUy JOTIOJIHUTEILHOTO KOMA IS UX CBSI3bIBAHMSI.

Hanpumep, npeacraBbTe cebe peanunzalivio onepaluu noBropa (redo) B TEKCTOBOM pe-
naktope. Korma monb3oBarenbr Habupaer OykBy “a”, BbITIONHsIeTCS (yHKIUS Docu-
ment::InsertChar('a'). JlobaBUM roToBblli (DYHKTOp, COIEpKAlllMii yKazaTeab Ha KJacc
Document, GyHKUMIO-UJeH InsertChar u ¢akTtuyeckuidi cumMBoi. Ecinu mosb3oBaTesib Bbl-
MOJIHSIET B MEHIO MyHKT Redo, mocTaToyHO JMilb aKTUBU3UPOBaTh (YHKTOp — U Bce. bosee

MoApoOHO omnepaluu OTKaTa W MOBTOpa oOCyxXaaloTes B pasneie S5.14.
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CBsi3bIBaHME SIBJISIETCSI MOIIHBIM CPEJICTBOM €llle U Mo Apyroi mpuuuHe. [lpeacraBbre,
YTO Bbl MPUMEHSIETE KJIacC Functor s BBIYUCIEHUIA, a €r0 apryMEHTbl — 3TO OKpYJceHue,
HEoOXOoAMMOE JUISl UX BBIMOJIHEHMS. Jlo cux Mop Kjiacc Functor 3aaepXuBajl BbIYMCIEHUS,
CcOXpaHssl yKazaTeJu Ha (PyHKIMM U yKa3zareau Ha meTtoabsl. OnHaKko B Kjacce Functor xpa-
HSTCS JIMILb BBIYUCIAEHUS, HO HET MHbOpMalMi 00 uX okpyXeHuu. CBsI3bIBAHUE MO3BOJISIET
(byHKTOpY XpaHUTh YaCThb OKPYKEHUSI BMECTE C BBIYMCIICHUSIMU U COKPATUTh MOTPEOHOCTD B
MEePEeChUIKE MEPEMEHHBIX OKPYXXEHHUSI BO BPEMsI BbI30BaA.

Ilepen Tem Kak mepeiTH K peaqu3aliuv, MOABITOXMAM Hallll TpeboBaHUsI. B KoHKpeTn3a-
LMK KJ1acca Functor<R, TList> Mbl XOTUM CBSI3aTh INEpPBBIi aprymMeHT (TList::Head) c
(bukcupoBaHHbIM 3HaueHUeM. CrenoBaTebHO, TUTIOM BO3BPAIla€MOTO 3HAYEHUS SIBJSIETCS
KJIacc Functor<R, TList::Tail>.

PeanmzoBath kiacc BinderFirst oueHb jierko. HyXHO JuIIb yuecTb, YTO 31€Ch UCIOJIb-
3yI0TCS JIBE KOHKPETU3allMU KJjlacca Functor: BXOOHasi U pe3yJabTupyiolias. BxomHoil Tumn
Functor mepemaeTcs B KayecTBe MapamMeTpa ParentFunctor, a pe3yJbTUPYIOIIUIA THII
Functor BBIYMCIISIETCS.

template <class Incoming>

class BinderFirst

public FunctorImpl<typename Incoming::ResultType,
typename Incoming::Arguments::Tail>

typedef Functor<typename Incoming::ResultType,
Incoming: :Arguments::Tail> Outgoing;

typedef typename Incoming::Parml Bound;

typedef typename Incoming::ResultType ResultType;

public:
BinderFirst(const Incoming& fun, Bound bound)
fun_(fun), bound_(bound)
{

}

BinderFirst* Clone() const
{ return new BinderFirst(*this); }

ResultType operator() ()
{

return fun_(bound_);

ResultType operator() (typename Outgoing::Parml pl)
{
return fun_(bound_, pl);
ResultType operator() (typename Outgoing::Parml pl,
typename Outgoing::Parm2 p2)
return fun_(bound_, pl, p2);
private:
Incoming fun_;

Bound bound_;

1
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[la6nonHbiii kmacc BinderFirst paGotaeT B coyeTaHUM ¢ 1I1aOJOHHOUN (yHKIMe
BindFirst. JlocTouHCTBOM 1abI0HHON (GYHKIMU BindFirst siBIsSeTCs TO, YTO OHA aBTO-
MaTUYECKU BBIBOAWUT CBOMU 111a0JIOHHBIE MapaMeTPbl U3 TUIOB TOJIYYaeMbIX €10 (haKTUUeCKUX
apryMEHTOB.

// OonpepeneHve knacca BinderFirstTraits
// HaxoauTcs B (amne Functor.h
template <class Fctor>
typename Private::BinderFirstTraits<Fctor>::BoundFunctorType
BindFirst(
const Fctor& fun,
typename Fctor::Parml bound)

{
typedef typename
Private::BinderFirstTraits<Fctor>: :BoundFunctorType
outgoing;
return outgoing(std::auto_ptr<typename oOutgoing: :Impl>(
new BinderFirst<Fctor>(fun, bound)));
1

CBs3BIBaHME IIPEKPACHO COYETAETCS C aBTOMaTHUYECKMM IIPEOOpPa30BaHUEM THIIOB, Hale-
JISIS KJTacC Functor HEBePOSITHOW TMOKOCTBIO. DTO MJUTIOCTPUPYET CIACAYIOIIMIA TTpUMeD.

const char* Fun(int i, int j)

{
cout << “Fun(" << i << ", " << j << ") called\n";
3
int mainQ)
{
Functor<const char*, TYPELIST_2(char, int)> f1(Fun);
Functor<std::string, TYPELIST_l(double)> f2(
BindFirst(fl, 10));
// BbIBOAMT HaA neyaTb CTPOKy “Fun(l0, 15) called”
f2(15);
3

5.11. Cuennexnue

B xnure Gamma et al. (1995) npuBeneH npumep kiacca MacroCommand, B KOTOPOM
XpaHUTCS JIMHENHbI HabOp (CMMCOK WM BEKTOp) 00BbeKTOB Kiacca Command. [Tpu Bbimo-
HEHUU 3TOTO Kjlacca MOCIeI0BaTeIbHO BBITTOTHSIIOTCS BCEe XpaHSIIECS B HEM KOMaHIbI.

DTO CBOMCTBO MOXET OKa3aThCsl OUYEHb MOJIe3HbIM. Hampumep, BepHeMcsl K MpUMEpY, CBsI-
3aHHOMY C OTKaTOM W TIOBTOPHBIM BBIMTOJMHeHWEeM orepaiu (undo/redo). Kaxmast omeparimst
“do” moymKHa COMpPOBOXKIATHCSI HECKOJIBKMMU OrepalusiMu otkara “undo”. Hampumep, BcTaBka
CUMBOJIa MOXET aBTOMAaTUUYECKU TIPUBOIUTH K TIPOKPYTKE TEKCTOBOIO OKHA (B HEKOTOPBIX TEK-
CTOBBIX PelaKTOpax 3Ta orepalysl NpUMEeHsIeTCsl IS YIydlleHWs] BHeIUHero Buaa Tekcra). Otme-
HsIsl 9Ty Orepalnio, Bbl BO3BpalllacTe OKHO B TIpeKHee ImoJioxkeHne. (B OOJBbIIMHCTBE TEKCTOBBIX
PEIaKTOPOB 3Ta Orepalvsl peaiM3oBaHa HenpaBuibHO. JlocagHo!) YToObI BHIMOIHUTL OOPaTHYIO
MpOoKpyTKy (unscroll), Hy)KHO XpaHWUTb HECKOJIbKO OOBEKTOB Kilacca Command B OMHOM OOBEKTe
KJlacca Functor UM BBIMOJHATh UX KakK ofHO 1eoe. PyHKuMsA-wieH Document: : InsertChar 3a-
TaJIKMBaeT O0BEKT Kiacca MacroCommand B cTeK oTkaTta. B coctaB Kimacca MacroCommand MOTyT
BXOIUTh (DYHKLIMM-YIeHbI Document: :DeleteChar u Window: :Scrol1. INocnenHow GyHKIUIO
MOXKHO CBSI3aTh C apryMEHTOM, 3alTOMUHAIONIMM cTapoe cocTosiHue. (M BHOBB CBSI3bIBaHME OKa-
3bIBAETCS] OYEHb YTOOHBIM MHCTPYMEHTOM.)
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B 6ubmmorexe Loki onpeaesneH kinace Chainer u BcriomoratenbHas (GyHKiust Chain.

template <class Funl, class Fun2>
Fun2 chain(
const Funl& funl,
const Fun2& fun2);
Peanuzanus knacca Chainer TpuBMaibHa — OH XpaHUT JBa (GyHKTOpa, a oOMeparop
Chainer: :operator () BbI3bIBaCT MX OIMH 3a IPYTHUM.
®yHk1Ma Chain 3aBepiaeT Hallle ONMUCAHUE TOMIEPXKNM MakpokKoMaHn. OmHO U3 Joc-
TOMHCTB TaKOW peaJn3alMMi 3aKJII4aeTcsl B TOM, YTO CIIMCOK KOMaHJ HeorpaHuvyeH. Hwu
mwabsoHHas GyHKuMs BindFirst, Hu ¢GyHKius Chain He TpeOyIOT BHOCUTh HUKAKWUX W3-
MEHEHUIi B Kjacc Functor. DTo CBUIETEJILCTBYET O TOM, UTO Bbl CAMU MOXETe pa3padboTaTh
aHAJIOTMYHbIE (DYHKIMOHATbHbBIE BOZMOXHOCTH.

5.12. NepBas npakTuyeckasa npodnema: CTOMUMOCTb
$PyHKLM NnepecbsIKn

B mpuHinme pa3paboTka 1IabjJJOHHOrO Kjacca Functor 3aBepineHa. Temepb MBI cocpe-
JIOTOYMMCSI Ha BOIIPOCAx €ro ONTUMM3AlLlMK, CTPEeMsICh, YTOObI OH paboTail KaK MOXHO 3¢-
(dexTuBHEE.®

PaccmoTtpuM B Kitacce Functor omHy U3 IIeperpy3ok orepartopa (), IepechUIAIOLIyIO
BbI30OB MHTEJJIEKTYyaJIbHOMY YKa3aTelo.

// BHYTpuM knacca Functor<R, TList>

R operator() (Parml pl, Parm2 p2)
{

}

IMpu kaxmom BbI30Be orepaTtopa () cosmaeTcs HeHyKHasl KOMMS KaXmaoro aprymeHTa. Ecimu
Kjaacchl Parml M Parm2 JOCTaTOYHO BEJMKH, 3TO CHU3UT MPOU3BOAUTENBHOCTb PabOThI
MTPOTPAMMBI.

JlOBOJILHO CTpaHHO, HO Jaxe eciau omeparop () Kjacca Functor caenaTh IOACTaBisde-
MbIM (inline), koMMWIsTOp OyOET MO-TIpEXXHEMY TUPaKMPOBATh JIUIIIHUE KOMUU apryMeH-
ToB. B 3amaye 46 kuuru Carrtepa (Sutter, 2000) omucbIBaeTcsi COBpeMeHHass MOIU(pUKALMS
s3bIKa, CIeJaHHas HEMOCPEACTBEHHO Tepeld ero craHmapTusanuveit. OyHKIUSIM TepeCchbUTKU
ObLIIO 3anpeueHo UCHoAb308aMb KOHCMPYKmop Konupogarnus no ymoauaruro (eliding for copy
construction). KoMmuisiTop mMo3BOJISIET UCTIOJIB30BaTh KOHCTPYKTOP KOIMMPOBAHUS TIO YMOJI-
YaHUIO JIMIIb JUISI BO3BpAlllaéMOro 3HAueHMsl, MOCKOJIbKY BO3BpaT 3HAUEHMI HENb3s OMNTH-
MU3UPOBATh BPYYHYIO.

IToMoOryT JIK CCHIIKM peliuThb 3Ty npodiemy? Mcnosiab3yeM cleayolnii Ko,

return (*spImpl_)(pl, p2);

// BHyTpuM knacca Functor<R, TList>
R operator() (Parml& pl, Parm2& p2)
{

}

return (*spImpl1_)(pl, p2);

6 OGbIYHO MpeXIeBPeMEeHHAsT ONTUMU3ALNS HexenaTenbHa. OIHA U3 IPUYMH 3aKIII0UACTCSl B TOM,
YTO MPOTPAMMMCTBI HE MOTYT MPABUIBHO OMPEAETUTh, KaKyl0 4acTh MPOTPAMMBI CJIEAyeT ONTHMU3M-
poBaTh, a Kakylo — HeT (4ro emie BaxHee). OmHAKO pa3pabOTYMKU OMOIMOTEK HAXOmSITCS B APYroit
cutyauuu. OHU He 3HAIOT, OYAyT WJIM HET UCIOJIb30BaHbl UX OMOJIMOTEKM B KPUTMUYECKM BaXKHBIX Yac-
TSIX KaKOTO-TO MPWJIOXKEHHUSI, TOITOMY CTPEMSITCSI MAKCUMaJIbHO ONTUMU3UPOBATh OMOIMOTEKY.
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Bce 5T0O BHITIISIAMT IpeKpacHO M MOXET Ha caMOM Jelie paboTaTh, ITIOKa BBl HE ITOIpoOyeTe
BBINOJTHUTD TaKOM KOII.
void testFunction(std::string&, int);

Functor<void, TYPELIST_2(std::string&, int)>
cmd(testFunction);

string s;

cmd(s, 5); // oumbka!

KommmmisiTop CIIOTKHETCS Ha MOCIEeIHENM CTPOKe, BhiAaB coobiueHue: “CChUIKM Ha CCHLI-
k1 He pomyckawoTcs!”. (Ha camom gene coolleHUE MOXET ObITh 6oJiee TAMHCTBEHHBIM.)
dakTuvecky Takas KOHKPETH3alUsI MOXET IMpeobpa3oBaTh Kiacc Parml B CCHUIKY Ha 00b-
eKT kiacca std::string. CrenoBaresibHO, OOBbEKT pl MOXET CTaTh CCbUIKOM Ha CChUIKY Ha
00BeKT Kiacca std::string, a 3T0 He gonyckaercs.’

K cuactbio, pemieHue 3Toit mpoOsiembl cyulecTByeT. B riaBe 2 omnucaH 111a0J0HHBIN
Kjiacc TypeTraits<T>, onpenesiiolyii TpyIiy TUIMOB, CBSI3aHHBIX ¢ TUMOM T. K HuUM oT-
HOCATCS HEKOHCTAaHTHBIN TUT (€CIM TUIT T SIBJISIETCS KOHCTAHTHBIM), TUII, Ha KOTOPBI CChI-
JlaeTcsl ykazaTesib (ecid TUIT T SIBJAsIETCSl yKaszaTejieMm) M MHoOrue apyrue. Turm, KOTOpbIi
MOXHO 6e3omacHO W 3(G@dEeKTUBHO TepenaBaTh Kak mapaMeTp (YHKIIMM, Ha3bIBaeTCs
ParameterType. B npuBeneHHoil HuKe Tabiaule MOKazaHa CBSI3b MEXIY TUIIOM, Mepeaa-
BaeMBIM KJlaccy TypeTraits, U BHYTPEHHUM ONpene/ieHueM THIa ParameterType. Tum U
SIBJISIETCST IMOO KJIacCOM, JIMOO BCTPOSHHDIM.

T TypeTraits<T>::ParameterType

u Tun U, ecnin U — 2aeMEHTapHbBIN TUIT; B TPOTUBHOM ciyyae — const U &
const U Tum U, ectu U — 3j1eMeHTapHbIM TUIT; B IPOTUBHOM ciiyyae — const U &
U & U &

const U & const U &

3amMeHa apryMeHTOB (PYHKUMU TEPEChUIKM TUIAMM, YKa3aHHBIMMA B IIpaBOM CTOJOIE,
BCerJa KOpPpPeKTHa, MPUYeM OHAa He BBI3bIBAET HUKAKUX JOIMOJHUTEIbHBIX 3aTpaT, CBSI3aH-
HBIX C KOIMPOBAHUEM.

// BHYTpM Knacca Functor<R, TList>

R operator() (

typename TypeTraits<Parml>::ParameterType pl;
typename TypeTraits<Parm2>::ParameterType p2;

return (*spImp1_)(pl, p2);
}
Ellle TpUsiTHEE TO, YTO 3TU CCBUIKKM TPEKPacHO paboTaloT B COYETAHMU C TIOACTABISie-
MBIMI (QYHKIMSAMHA. ONTUMM3ATOP JIeTde TeHepHPYeT ONTHMATBHBIN KO, MTOCKOJNBKY VIS
3TOTO MY JOCTATOUHO YCTAHOBUTB CCBUIKH.

7 Orta npoﬁneMa TaKXX€ BO3HHUKACT IIpU pa60Te CO CTaHAApTHbIMMW MEXaHU3MaMU CBsA3bIBaAaHM.
Bosipn Crpayctpyn npencraBun Komurery no CraHmaptuzauuu otyer o6 3toMm aedekre. OH npensio-
2KWJI UCHIPABUTH O9TOT HEAOCTATOK, PAa3pCIIMB CCbUIATHCA Ha CCBIJIKM U O6pa6aTbIBaTb PE3YJILTUPYIOLIUE
CCbUJIKM KaK ITPOCTBHIC. B MoOMeHT HamMcaHUs KHUTU 3TOT OTYET ObLI JOCTYIIEH Ha Web—CTpaHI/II.[e
http:://anubis.dkuug.dk/jtcl/sc22/wg21l/docs/cwg_active.html#106.
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5.13. Bropas npakTniyeckas npoonema: pacnpeaeneHuve
AVHaAMUN4YeCcKoOM namMaTu

OuneHuM 3aTparthl, CBSI3aHHBIC C CO3MaHMEM M KOIMpoBaHMEM (DyHKTOpPOB. MBI TODKHEI pea-
JIM30BaTh MPaBUIIbHYIO CEMAHTUKY KOIMPOBAHMS, HO 3TO CBSI3aHO C MPOOJIEMOi pacrpeaeaeHust
nuHaMudeckoit mamsiti. Kaxmpiii 00beKT Kjiacca Functor COmepXXUT MHTEJUIEKTyalIbHbINA yKa3a-
TeJIb Ha OOBEKT, CO3aHHBINM ¢ TTOMOIIBIO oreparopa new. JInst co3maHust Konmuu oObeKTa Kiacca
Functor dyHKuus-4ieH FunctorImpl: :Clone BBIMOMHSET MIYOOKOE KOIMMPOBAHUE.

DT0 0COOEHHO HEMPUSITHO, €C/IM pa3Mep OOBEKTOB OYeHb BaXeH. B OOJBIIMHCTBE CiydyaeB
KJIacC Functor HCIOJIb3yeTCsl C yKazareJssMi Ha (DYHKIIMU U TlapaMu, COCTOSIIIIMMU U3 yKa3are-
Jieil Ha OOBEeKThI M yKazaTesneil Ha QyHKIMU-UieHbl. B TUMUYHBIX 32-pa3psiiHbIX CUCTEMax 3TU
00BeKTH 3aHMMAIOT OT 4 1o 20 GaiiT COOTBETCTBEHHO (4 OailT mIs yKaszarteds Ha OOBeKT W 16
Gaiir Wi ykasartens Ha (GyHKuuo-wien®). [Ipyd MCIIONB30BaHMM CBSI3bIBAHMSI pa3Mep KOHKPET-
HOro (pyHKTOpa YBEJIMYMBAETCS MPUMEPHO Ha BEJIMYMHY CBSI3HIBAEMOrO apryMeHTa (BCIIEICTBUE
BBIPAaBHUBAHUS OJIOKOB IMAMSITH €TI0 pa3Mep MOXET ellle HEeHAMHOI'O BEIPACTH).

B rnaBe 4 onucanbl 3((GeKTUBHBIE MEXaHU3MbI PACIIpEACICHUS MaMsITH UIS HEOOIbIINX
00bekToB. Kiiacc FunctorImpl u ero HacjeTHUKU SIBJSIIOTCS MPEBOCXOMHBIMU KaHAWaaTa-
MM Ha MPUMEHEHME 3TUX MEXaHU3MOB pacrpenejcHusi namMsTu. HarmoMHUM, 4TO OmMH U3
CIIOCO0O0B IIPUMEHECHUSI MEXaHM3Ma paclpene/IeHNsT MaMsITH IJIsI HeOOJBIINX OOBEKTOB 3a-
KJII0YaeTcsl B CO3AaHUMU Kjlacca, IIPOM3BOIHOIO OT IIa0JIOHHOTO Kiacca Smallobject.

Hcnonb3oBath 3TOT Kilacc oueHb Jierko. OfHAKO HaM HYXXHO 100aBUTh B Kiacc Functor
11a0JIOHHBIN TTapaMeTp, OTOOpaKalolIUili MOTOKOBYIO MOJIEIb B MEXaHM3ME pacIpeaeIeHUs Ta-
MSTH. BTO HE CJIOXKHO, TTOCKOJIbKY OO0JIbIIYIO0 YaCTh BPEMEHU WCIIONb3YETCs apryMEHT, 3alaHHbIN
10 YMOJTYaHUI0. B npuBeAeHHOM HIKE KOIE M3MEHEHUS! BbIIEICHBI TTOMYXXUPHBIM 1PUGTOM.

template

<
class R,
class TL,

template <class T>
class ThreadingModel = DEFAULT_THREADING
>

class FunctorImpl : public Smallobject<ThreadingModel>

public:
Kak U paHble
};

Bce 310 HagensteT Kiacc Functo rImp1 (I)yHKL[I/IOHaJIbHI)IMI/I BO3MOXHOCTAMU MCXaHU3Ma
pacrpeacjacHus mmaMsITH.
AHaJIOTMYHO B caM KJIacC Functor moOaBisieTcs TpeTI/Iﬁ 11a0JIOHHBIN nmapamMeTp.

template

<
class R,
class TL,

template <class T>
class ThreadingModel = DEFAULT_THREADING

8 EcTecTBeHHO 6bIIO GBI OXMAATh, YTO YKa3aTeldb Ha (DYyHKIMIO-WICH 3aHMMaeT 4 GaiiT, KaKk U yKa-
3aresib Ha OOBIYHYIO GyHKIMI0. OMQHAKO yKa3aTelu Ha MeTOIbl (haKTHUECKU TPENCTABISIOT coboii pas-
Me4YeHHble o0bearHeHus (tagged union). OHU MPUMEHSIOT MHOXECTBEHHOE BMPTYaJIbHOE HacjenoBa-
HHMEe W BUPTYaJIbHbIe/HEBUPTYAIbHbIC (DYHKIIWU.
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>

class Functor

{
private:
// TNepepaem napameTtp ThreadingModel knaccy FunctorImpl
std::auto_ptr<FunctorImpl<R, TL, ThreadingModel> pImpl_;
1
st Toro 4roOBlI MCIIOJB30BaTh KJIAcC Functor cO CTaHAApTHOM ITOTOKOBOM MOIENEIO,
TPETUIi 11A0JOHHBIM apryMeHT He HyxeH. TOJIbKO €CIu B MPUJIOXKEHUU TTOHAn00sTcs hyHK-
TOPHI, MOAACPXKUBAIOIINE HECKOJILKO ITOTOKOBEIX MOJEJICH, HyXKHO SIBHO yKa3aThb IapaMeTp
ThreadingModel.

5.14. Peanu3zauusa onepauun Undo n Redo ¢ nomoLubio
ksnacca Functor

B xaure Gamma et al (1995) pekomeHmyeTcsl peaau3oBbIBaTh orepaiuio undo ¢ momMo-
1IbIO TOTIOJHUTEIbHON (GYHKIMU-wIeHa Unexecute kiacca command. IIpobiaema 3akioya-
€TCS B TOM, UTO 3Ty (DYHKIIMIO HEBO3MOXHO BBIPA3UTh B 000OIIIEHHOM BUJIE, MTOCKOJBKY OT-
HOLIEHUE MEXJy HeKoeil onepauueil u ee oTMeHoi (undo) Hesb3sl MpenckasaTh. Pelintb
3Ty 3a/7ayy MOXHO, €CJIM CO3[aTh OTAEJbHBIN Kiacc Command JUIsl KaXIOW omnepanuu, Bbl-
MOJIHsIEMOl B MpujioxeHUU. OJHAKO MOAXOJ, OCHOBaHHBII Ha MPUMEHEHUM Kjacca Func-
tor, OpMEeHTHPOBaH Ha WCITONb30BaHWE OMHOTO KJacca, CBS3BIBAEMOTO C Pa3HBIMU OOBEK-
TaMU U BbI30BaMU (DyHKIIMI-YIEHOB.

Cratbst Ana CtuseHca (Al Stevens) B xxypHane Dr. Dobbs Journal (Stevens, 1998) moxer
0Ka3aThb HaM OTPOMHYIO MOMOIIb B U3yYEHUU OOOOILEHHBIX peanu3aluii onepauuii undo u
redo. CtuBeHC co3fan 00001IeHHYI0 OuOaMoTeky omepainuii undo/redo, KOTOpylo ciemyer
TLIATEJ]bHO U3YyYUThb, HE3ABUCUMO OT TOrO, OyIEeTe Bbl IPUMEHSTh KJlacc Functor WX HeT.

DTO0 Bce, YTO HaM CIIeAyeT 3HATh O CTPYKTypaxX MaHHbIX. OCHOBHas uiesl onepaiuit undo n
redo 3akiioyaeTcsi B UCMOJb30BaHUM cTeKa oTkara (undo stack) M cTeka MoBTOpa OIeparuii
(redo stack). Ecnu monb3oBatesib BBIIOJHWI HEKOE NEHCTBUE, HampuMmep, HaOpayi OykBy Ha
KJIaBUaType, B CTEK OTKaTa 3aTAIKUBAETCSl HO8bili (DYHKTOP. DTO O3HAYAET, YTO (hYHKIIMSI-WIeH
Document: :InsertChar Jo/DKHA 3aTOJKHYTh B CTEK OTKaTa JEMCTBUE, OOpaTHOE MO OTHOIIIe-
HMIO K OIepaluu BCTaBKM CUMBOJA (Hampumep, (GyHKUMIO-YleH Document: :DeletecChar).
OcHOBHas1 Harpyska IEepeHOCUTCS Ha (DYHKIUIO-WIeH, KOTopas ACWCTBUTEIbHO BHITIOTHSET
orepaLuIo OTKarTa, a B Kjlacce Functor uHdopMmalysi 0 TOM, KaKk UMEHHO CJIelyeT BBIOIHSTD
3Ty orepaluio, He XpaHUTCS.

ITpu HEOoOXOAMMOCTU MOXHO 3aTOJIKHYTh B CTEK MOBTOPEHUs orepauuu (yHKTOp, CO-
CTOSILIMI U3 Kjacca Document M yKasaresisi Ha (yHKIMIO Document::InsertChar, cBsi-
3aHHBIX C (DaKTMUYECKUM CHUMBOJIbHBIM TUMOM. HEeKOTOpblEe TEKCTOBbIE PEeAaKTOPbI MO3BOJISI-
10T “NOBTOpHBIN Habop” (retyping). Ilocie Toro xak Bel YTO-TO HaOpajau Ha KjiaBUaType U
BbIOpaJIM B MeHIO MYHKT Redo, moBTopsieTcsi GJIOK BBENEHHBIX CUMBOJIOB. 151 3TOrO TMpe-
KpPacHO TOIXOAUT CBS3bIBAHUE, PEAIM30BAHHOE B Kjlacce Functor, MO3BOJISIONIEE XPAaHUTh
BbI3OB (bYHKIIMU-YJeHa Document::InsertChar g 3aJaHHOTO CUMBOJIA, WHKAICYJIUPYS
Takue BBI3OBBI B OMHOM (pyHKTOpe. KpoMe Toro, moBTOpUTH HYXKHO HE TOJIBKO CMMBOJ, Ha-
OpaHHBII MocAeAHUM (9TO ObLIO Obl HE CIMILKOM BMEYATJISIOUIMM IOCTHXXEHUEM), HO U
BCIO TOCJIEOBATEIbHOCTh CUMBOJIOB, HAaOpaHHBIX TIOCJIE€ BBIMOJHEHUS TOCJIEIHEN orepa-
LIMM, HEe CBSI3aHHOM ¢ HaObopoM. 3jech B JeHCTBUE BCTyMaeT CLEIJIeHUE, Pealu30BaHHOE B
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kinacce Functor. [lo Mepe Toro kak mojib30BaTeib BBOAUT BCE HOBBIE M HOBBIE CUMBOJIBI,
CO3AI0TCSl BCe HOBbIE M HOBble (DYHKTOpHI. TakuM 00pa3oM, BO3HUKAET BO3MOXKHOCTb BbI-
MOJTHUTH MOCIEA0BATEIbHOCTh HAXATUH KJIABUII KaK OJHY OMepaluio.

®yHkUMsg-4IeH Document::InsertChar, Mo cyuiectBy, 3aTalKuBaeT (DYHKTOpP B CTeK
otkara. Korma mosb3oBatenb BbiOMpaer myHKT MeHI0 Undo, 3TOT (pyHKTOp AOXeH ObITh
BBIMIOJIHEH UM 3aTOJIKHYT B CTEK MOBTOpPA OMepaluii.

Kaxk BuanMm, cBSI3bIBAaHME apryMEHTOB U CLIETIIEHUE TTO3BOJISIIOT HAM padoTaTh ¢ (pyHKTOpamu
€MMHOO0OPa3HO: BUI BbI30BA HE MMEET 3HAYEHMSI, TTIOCKOJIbKY OH CKPBIT BHYTpM (DyHKTOpa. DTO
3HAUMTEIbHO O0JIeTYaeT 3aauy peain3aluy ornepaluii oTkaTa v MoBTOpa orepariui.

5.15. Pe3iome

Hcnonp3oBaTh xopoiune 6ubdmmoreku Ha si3bike C++ HaMHOro jerde, yeM cosgaBaTh. C
JIPYroil CTOPOHBI, pa3pabarbiBaTh OMOIMOTEKM OUeHb MHTepecHO. OMISAbIBasCh Ha JeTaIU
OIMMCAHHBIX BBHIILIE peaM3alii, MOXHO M3BJIeYb HECKOJIBKO YPOKOB, KaCAIOIINXCS CO3MaHUS
000OIIEHHBIX TPOTPAMM.

e Cosnapaiite rMOKuUe 1IAOJOHHbIE TUIbBL. CTpeMUTeCh Ha BCE CMOTPETh C MAKCUMMAaJbHO
obieit Touku 3peHusi. Kimaceel FunctorHandler u MemFunHandler mpuoOpenn MHOTO
TPEUMYIIECTB, OJlarogapsi TOMy, YTO B HUX MWCIOJB3YIOTCS 1IAOJIOHBI. YKaszaTelu Ha
(yHKIIMU TPenoCTaRsAIOT 0OJbliyt0 cBoOomy. 1o cpaBHeHUIO ¢ MX (DYHKIMOHATLHBIMU
BO3MOXXHOCTSIMM TTOJTyYAIOLIMIACS KOJl UMEET YIMBUTEBLHO HeOOIbLION pa3dmep. Bee stu
BBITOIIbI TOCTUTAIOTCS OJlarofiapsi UCMOIb30BaHUIO 1IA0JOHOB U TOMY, UYTO KOMITWJISITOPY
MPEIOCTABJIEHO MPABO CAMOMY BbIBOAUTD TUIIbI, KOIIA 3TO BO3MOXHO.

e O0001IeHHOE MPOrpaMMUPOBAHKE CIIOCOOCTBYET CO3MAHUIO CEMAaHTUKMU IEePBOro
Kjacca (CM. mpuMedyaHue B Havasie miaBbl. — [lpum. ped.). bbino Obl KpaitHe 3aTpyn-
HUTEJIbHO ONEPUPOBaTh MCKIIIOYUTEIbHO YKazaTeJlssMU Ha Kiacc FunctorImpl.
IIpencraBbre cebe, Kak B 3TUX YCIOBMSIX PEaTU3YIOTCs CBSI3bIBAHUME U CLETUICHUE.

M3o1ipeHHbIe TEXHOJOTUU MpeAHa3HAuYeHbl sl JAOCTHXKEHUs OoJblueil mpocTtoThl. Ha
OCHOBE BCEX 3TUX I11abJOHOB, HACJICIOBAHUSI, CBA3BIBAHUS W YIIPABJICHUS TaMSIThIO CO3/1aHa
npocrasl, Jerkasi B IpMMeHEHUU U XOPOLIO MpoJyMaHHasi OubaroTeKa.

B nByx cioBax, Kjacc Functor 3amepKuBaeT BbI30B (PYHKINM, (PYHKTOpA WIIM (DYHKIIMU-
yyieHa. OH coxpaHsieT BbI3bIBa€Mblii OOBEKT U MPEeaoCTaBIsIeT sl €ro BbizoBa omneparop ().
Hwke mpuBeneHo KpaTKoe OMKMcaHue 3TOTro Kiacca.

5.16. Kpatkoe onucanue knacca Functor

Kiacc Functor sBisgercsa NIAaOJOHHBIM M TTO3BOJISIET BBIPAXXaThb BBI3OBBI (HDYHKIIWHA,
nMermx a0 15 aprymeHToB. [lepBbIM 1IAOJOHHBIM TMapamMeTpoM SIBJISIETCSI TMIT BO3Bpa-
IIaeMOTO 3HAYEHUSI, BTOPHIM — CITUCOK THMIIOB, COIEPXKAIMM TUIIBI MapaMeTpoB (DYHKITUU.
Tpetnii 11aGJIOHHBINM TTapaMeTp 3aJaeT IMOTOKOBYIO MOMIENb, KOTOpas MCIOJb3YeTCs MeXa-
HM3MOM pacrpele/ieHus naMsTh, MpuMeHseMbIiM B Kiacce Functor. IMoapobHast uHdop-
MallMsl O CITMCKaX KJIAcCOB TMpUBeIeHa B IJIaBe 3, O MOTOKOBOM MOJAEIN — B MPUIIOKEHHUH, O
MEXaHM3Me paclpeneeHUs MaMITH Ui HeOOJBIINX 00BEKTOB — B TiIaBe 4.

e OOBEKT KiTacca Functor MOXHO WHHIIMAIU3MPOBATh (DyHKIMEH, GYHKTOPOM, Ipy-
MM OOBEKTOM Kjlacca Functor WM yKasaTejleM Ha OOBEKT M yKasaTeJleM Ha METOI,
KaK TIO0Ka3aHO B NIPMBEICHHOM HIDKE TIPUMeEpe.

148 YacTtb Il. KOMAOHEHTbI



void Function(int)

struct SomeFunctor

{
void operator() (int);
};
struct SomecClass
{
void MemberFunction(int);
};

void example()

// WHuumanu3anpyem knacc Functor dyHkuuen

Functor<void, TYPELIST_1(int)> cmdl(Function);

// WHUumanu3snpyem knacc Functor (yHKTOpOM

SomeFunctor fn;

Functor<void, TYPELIST_1(int)> cmd2(fn);

// WHuumanu3npyem kKnacc Functor ykasaTesieM Ha 06bekT

// W yKasaTenem Ha QYyHKLUMIO-YJieH

SomeClass myObject;

Functor<void, TYPELIST_1(int)> cmd3(&myObject,
&SomecClass: :MemberFunction);

// WHUUManu3npyem knacc Functor apyrum ob6bekTom

// knacca Functor (KonupoBaHue)

Functor<void, TYPELIST_1(int)> cmd4(cmd3);

}

e OOBeKT Kjacca Functor MOXHO MHMUMAIUM3UPOBaTh  OOBEKTOM  KJacca
std::auto_ptr< FunctorImpl<R, TList> >. BTo MO3BOJSIET cO3MaBaTh paclIpe-
HUS1, OTNpeesIeHHbIE TOJIb30BATEIEeM.

e Kiacc Functor noaiep:XrBaeT aBTOMaTUYECKUE MPeoOpa3oBaHUs TUIIOB apTyMEHTOB
U BO3BpallaeMbix 3HaueHuid. Hampumep, B mpenbiayiiem npumepe GyHKIAU-YISHbBI
SomeFunctor: :operator() u SomecClass::MemberFunction MOryT mojaydyaTb ap-
TYMEHTHI Tuna double BMECTO apryMeHTOB TUIIA int.

e [lpu meperpyske (GYHKUMIA-WIEHOB CJIEAyeT CO3MaBaTh IOMOJHUTEIBHBIN KOM ISt
YCTPaHEHMSI HEOLHO3HAYHOCTH.

e Kiacc Functor IMOJHOCTBIO IMOMIEPKUBACT CEMaHTUKY ITEPBOrO Kiacca: KOIMMPOBa-
HMe, IPUCBaMBaHUE U Iepedady 1o 3HaueHuio. Kiacc Functor He SIBISIETCS HU I10-
JIMMOpMHBIM, HM 6a30BBIM. ECiIM HY>XHO pacIMpuTh KJIacC Functor, B KayecTBe Oa-
30BOTIO CJIeAyeT MPUMEHSTh Kiacc FunctorImpl.

e Kyacc Functor moaaepXuMBaeT CBSI3bIBAHWE apryMeHTOB. BbI30B 1m1aGioHHON (DyHK-
MU BindFirst cBSA3bIBAaET MEPBbI apryMeHT ¢ (PMKCUPOBAHHBIM 3HayeHUeM. B pe-
3yJbTaTe BO3HMKAET MapaMeTpU30BaHHbBIN Kjlacc Functor, mapameTpamMu KOTOpPOTO
SIBJISIIOTCSI OCTaJIbHbIe apryMeHThl. PaccMoTpuM mpumep.

void fO
{

// Onpepensiem Knacc Functor c Tpems aprymeHTamu

Functor<void, TYPELIST_3(int, int, double)> cmdl(
someEntity);

// CBA3bilBaeM MnepBbid aprymeHT C 4ymcnom 10

Functor<void, TYPELIST_2(int, double)> cmd2(
BindFirst(cmdl, 10));
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// 2KBUBaneHTHo BbizoBy cmdl(10, 20, 5.6)
cmd2 (20, 5.6)
}
o MHcnonb3ys pyHkuMio Chain, B 0fHOM 00BEKTE Kjlacca Functor MOXHO CIEMUTb He-
CKOJIbKO OOBEKTOB 3TOTO KJjlacca.

void QO
{

Functor<> cmdl(something);
Functor<> cmd2(somethingElse);
// CuennuBaem ob6bekTbl cmdl u cmd2 B KOHTelHep
Functor<> cmd3(Chain(cmdl, cmd2));
// 3kBuBaneHTHo cmdl(); cmd2();
cmd3();
}

e 3aTpaThl, CBSI3aHHBIE C MCITOJIb30BAaHUEM IIPOCTHIX OOBEKTOB Kjlacca Functor, cocTo-
ST U3 OOHOM mepeampecaliuu (BbI30Ba 4epe3 ykKaszaTesb). [IpM KaXaoMm CBSI3bIBAHUU
WIN CUCTUIMBAaHMU BO3HMKAET OAWH IOIOJHUTEIBLHBINA BUPTYaJdbHBEINM BbI3OB. [lapa-
METPbI KOMUPYIOTCS TOJBKO IPU HEOOXOAMMOCTH MpeoOpa30BaHMsl TUIIOB.

o [llaGnoHHBIN KJacc FunctorImpl MCHIOJB3YeT MEXaHM3M paclpenejeHus] MaMsITh
IJIsT HeOOJIbIINX 00BEKTOB, ONMCAHHLIN B TJIaBe 4.
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PEANN3ALUSA LUABJIOHA SINGLETON

[Ia6noH nmpoekTupoBaHust Singleton (Gamma et al., 1995) npezacrasisieT coboli yHUKAb-
HYyI0O KOMOMHAIIMIO TIPOCTOrO ONMMCAHUST M CJIOXKHOM peanmzanmu. OO0 3TOM CBUICTEIBCTBYIOT
MHOTOYMCIICHHBIC KHUTH M KypHaIbHBIC MyoMKammy (Harmpumep, Vlissides, 1996, 1998). Orm-
canue mabsnoHa Singleton B kaure Gamma et al. (1995) Becbma npocto: “Llla6non rapanTupy-
€T, YTO KJIACC UMEET TOJIbKO OJMH 3K3EMIUISIP U 00eceurBaeT IIo0aTbHbIN AOCTYN K HEMY .

CHHTIITOH — 3TO YAYYIICHHBIM BapuaHT TJI00abHOM TepeMeHHOM. HoBiecTBo 3akimoyva-
€Tcs B TOM, UTO BTOPOI OOBEKT TUTA Singleton co3math Heb3s. CienoBaTebHO, CUHTITOHBI
MOXHO MCIOJIb30BaTh B MPUJIOXKEHUSIX MPU MOAEIUPOBAHUU TUIOB, UMEIOLIUX TOJbKO OIWH
9K3eMIUISIp, TakKMX Kak Keyboard, Display, PrintManager u SystemClock. Co3naBarh BTO-
pbi€ 9K3EMILISIPbl TAKMX KJIACCOB COBEPILIEHHO HEECTECTBEHHO U, KPOME TOTrO, OMAacHO.

I'MoGanbHBIN TOCTYIT MMEET CKPBITBIC MOOOYHBIC MOCIEACTBUS — C TOYKM 3PEHUS KITU-
€HTa 00BeKT Kjacca Singleton eradeem camum coboiu. [Ins co3nanust oObeKkTa Kiacca Sin-
gleton KJIMEHT HUYEro He JOKeH aenath. CiaemoBaTesbHO, OOBEKT Kiacca Singltone cam
co3maeT M paspyliaer cebs. YmpapieHHE TPOIOKUTEIbHOCTHIO XW3HU CHUHIJITOHA TIpe.-
CTaBJIsIeT cOOOI TOJIOBOJIOMHYIO 3a/auy.

B aT0it T1aBe 00cyxkmaloTca Hanbojiee BaXKHBIE BOIPOCHI, CBSI3aHHBIE C TTPOSKTUPOBAHM-
€M UM peaJiM3aliieil pa3HbIX BapMaHTOB Kiacca Singleton B sizbike C++.

e CBoiiCTBa, KOTOPBIC OTJIMYAIOT CUHIJITOH OT OOBIYHOM IJTIOOAIBHOM MepeMEHHOIM.
e  OCHOBHbIE UIMOMBI sA3biKa C++ 11s MOAIepKKU CUHIITOHOB.

e OOGecrieyeHNEe YHUKAIBHOCTH CHHTIJITOHA.

e YHUYTOXCHUE CMHIJITOHA W PAacIlO3HaBaHME IOCTYIIA IMOC/IC YHUUTOXCHMUS.

e YCOBEpILIEHCTBOBAHHOE YIIPaBJIEHWE IMPOJOLKUTEILHOCTEIO XU3HU OOBEKTa Kjacca
Singltone.

e MHOIOIOTOYHOCTb.

Mpbl onuiiemM CrocoObl pellieHus] TIePEeYMCIeHHBIX BbIllIe MpobJeM, a 3aTeM MPUMEHUM
UX IJIs1 peam3aluu 00001eHHOro 11abJJoHHOro Kijacca SingletonHolder.

“OnTuManbHON” peanu3alvv 1abJioHa TPOEKTUPOBaHUS Singleton He CyllecTBYeT.
B 3aBucMMOCTM OT KOHKDPETHOW 3aiauyyM HaWJIyYIIMMM OKa3bIBAIOTCS Pa3JIMYHbIE peann3a-
UM, BKJIIOYasi MalllMHHO-3aBUcUMBbIe. [loaxom, onmucaHHBIN B 3TOM IJIaBe, MpelHa3HauYeH
IUIsT pa3paboOTKM CceMeNCTBa peanu3aluvii Ha OCHOBE OOOOIIEHHOrO cKejieTa Kjacca B JIyXe
MPOEKTUPOBAHMSI HA OCHOBe cTpaTteruil (rnasa 1). Kimacc SingletonHolder ocraBisieT Tak-
K€ BO3MOXHOCTH [IJISI €r0 PaCUIMPEHUS] U HACTPOUKH.

B xonuie 3T0#t raBbBl MBI pa3paboTaeM IA0JOHHBINA Kiacc SingletonHolder, cnoco6-
HBIf TEHEPUPOBATh MHOIO CUHIJITOHOB pa3Horo tuma. Kiacc SingletonHolder npenocrtaB-



JISIET TIPOrPaMMUCTY BO3MOXHOCTU JIJIsI JI€TAJIbHOTO YIIPABJEHUS pacripefieieHUeM MaMsTh
MPY CO3MAHUM U YHUUTOXEHUU CUHIJTOHOB IMPU YCJIOBUU, UYTO ITO HE CO3[aeT OMACHOCTU
st motokoB. Kpome Toro, kiacc ompenessieT, YTo AejaTh, €CIU TOJIb30BaTe/lb MOMBITAICS
00paTUTBHCS K yX€ pa3pylieHHOMY cUHIITOHY. lllaGnoHHbI Kiacc SingletonHolder mpe-
JIOCTABJISIET TIPOTPAMMUCTY (PYHKIIMOHAJIbHBIE BO3MOXHOCTU, BBIXONSIIIME 32 PAMKU OObIY-
HBIX TUIIOB, OMPEIEICHHBIX MOJb30BATEIIEM.

6.1. Ctatnyeckue gaHHble + ctaTndeckme PpyHkumm !=
CUHINTOH

Ha HCpBI:Iﬁ B3TJIA 0 KaXETCA, 4TO AJId CO3JaHUA KJ1accCa Si ng1 eton HYXHBI JIMIIb CTaTH-
YECKHUE q)yHKL[I/II/I-‘{.T[CHI:I " NMEPEMEHHbBIC-YJICHDI.

class Font { ... };
class Printerport { ... };
class Printdob { ... };
class MyonlyPrinter
{ .
pubTic:
static void AddPrintJob(PrintJob& newJob)
{
if(printQueue_.empty() && printingPort_.available())
{
printingPort_.send(newlJob.Data());
else
{ .
printQueue_.push(newlob);
o3
private:
// BCe JAaHHble ABAANTCA CTAaTUYECKUMU
static std::queue<PrintlJob> printQueue_;
static PrinterPort printingPort_;
static Font defaultFont_;
1

PrintJob somePrintJob("MyDocument.txt");

MyonlyPrinter: :AddPrintJob(somePrintJob);

OJIHAaKO 3TO peleHre! B HEKOTOPHIX CUTYaLUsIX UMEET MHOTO HemocTaTkoB. OCHOBHAS Mpo-
Oyiema 3aKJII0YaeTcsl B TOM, UTO cramu4eckue (YHKYuu He mMoeym Obimb 8UPMYAAbHbIMU, YTO HE
MO3BOJISIET U3MEHSITh MOBEAEHUE 00beKTa 6e3 OTKPBITUS Koja Kilacca MyonTlyPrinter.

Kpome Toro, mHunmanuzauus u ymajieHUe oO0beKTa 3arpydHsitorcsa. B kimacce MyoOn-
TyPrinter HeT KOHKPETHBIX TOYEK, B KOTOPbIX MHULIMAIU3UPYIOTCI U YAAISIOTCS JaHHbIE,
XOTsI 9TH 3ala4u MOTYT ObITh HETPUBUAIBHBIMU — HampuMep, nepemMeHHas-uieH default-
Font_ MOXET 3aBUCETh OT CKOPOCTH OOMeHa TaHHBIMM TOpPTa, MOBEIEHNE KOTOPOTO OIMUCHI-
BaeTCs MEPEMEHHOMI printingPort_.

Takum o0pa3om, peanu3alvsi CUHTJITOHOB CBOAMTCS K CO3[aHWUIO M YIPABJIECHUIO YHU-
KaJIbHBIM OOBEKTOM, IIPU 3TOM CO3[aBaTh APYrMe OOBEKThI TAKOTO TUIIA 3alPELLEHO.

1 Ha camom gene 3TOT Koi WITIOCTpUpYeT WaGIOH MpoekTupoBaHus Monostate (Ball and
Crawford, 1998).
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6.2. OcHOBHbIe aNOMbI A3blka C++ anga noanepxku
CUHIITOHOB

Yamre Bcero CMHIJITOHBI CO3MAIOTCS C TIOMOIIBIO Bapnaum?l CHCHyIOHICﬁ NINOMBI.

// 3aronoBo4Hbin hamn Singleton.h
class Singleton

{
public:
static Singleton* Instance() // EAMHCTBEHHas TOYKa A0CTyna
{
if (!pInstance_)
pInstance_ = new Singleton;
return pInstance_;

}
onepaumuu
private:

Singleton(); // NpeaoTBpawaeT cO34aHUE HOBOIO
// obbekTa knacca Singleton

Singleton(const Singleton&); // NpeaoTBpawaeT co3jaHue
// konum obbekTa knacca Singleton

static Singleton* pInstance_; // EAMHCTBEHHbIA 3K3eMmnasp

};
// ®ann peanusaumm Singleton.cpp
Singleton* Singleton::pInstance_ = 0;

ITockosbKy BCe KOHCTPYKTOPBI 3aKPbIThl, KOJ MOJb30BaTesisl HE MOXET cOo31aThb OOBEKT
kiacca Singleton. OgHako Kjacc coaepXUT GyHKIUU-YJIEHBI, B YACTHOCTH, (PYHKIIMIO In-
stance, KOTOpble 103604510m CO3/1aBaTh 00beKThl. Clie0BaTeIbHO, TpeOOBAaHUE YHUKAIbHO-
¢t 00BbeKTa kiacca Singleton HakiIambIBaeTCs Ha 3Tare KOMOWISILMU. B aTomM u 3akimo-
YyaeTcs CyTh peaJM3alluy 11absoHa MpoeKThpoBaHus Singleton B s3bike C++.

Ecmu o0bekT kimacca Singleton HMKOrma He HCIONb3yeTcs (B MporpaMMe HET BbI30BOB
(yHkumu Instance), oH He coszmaercs. s OCylIeCTBIEHMSI TaKO ONTMMU3aLMU B Hayajle
(yHkiIMM Instance BBITIONHSETCS JOTMOJHUTENbHAS TMPOBEpKa (OOBIMHO BEChbMa HECIOXHAs).
INpeuMyliecTBO TaKOro Moaxona CTAHOBUTCS 3HAYMTEbHBIM, €CiM OOBEKT Kilacca Singleton
TpeOyeT /ISl CBOETO CO3MaHMst OOJBIIIMX 3aTpaT U B TO XK€ BPEeMsI PEAKO MCIOJb3YeTCsl.

EcTb Gonblioe MCKYIIEHWE YMPOCTUTh KJIacc, 3aMEHMB yKazaTesb pInstance_ B MPeabl-
NyllleM TpUMepPe MOJHOIIEHHBIM 00BEKTOM Kjacca Singleton.

//3aronoBoyHbin hann Singleton.h
class Singleton

t
public:
static Singleton* Instance() // EAMHCTBEHHas To4yka AocTyna

{

return &instance_;

int DoSsomething();
private:
static Singleton instance_;

3

// ®ann peanusaumm Singleton.cpp

Singleton Singleton::instance_;

D10 HeynmauHoe peleHue. HecMoTpsi Ha TO UTO MepeMeHHasl instance_ SIBJsIETCSl CTa-
TAUYECKUM 4WIEHOM Kiacca Singleton (kak M ykaszaTelb pInstance_ B MPEAbIIYIIEM IMPU-
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Mepe), MeXIy 3TMMU BapuMaHTaMU €CTh CyllecTBeHHas pas3Huia. [lepemeHHasi-uieH in-
stance_ MHULIMAIU3UPYETCS JuHamuuecky (C TIOMOILIBIO BbI30Ba KOHCTPYKTOpA Kjacca Sin-
gleton Bo BpeMs BBINIOJIHEHUSI MPOrpaMMbl), B TO BpeMsl Kak MepeMeHHas pInstance_
uHUyuaauzupyemcs cmamuuecky (OHa OTHOCUTCSI K TUIy, HE HMMeEIOlleMYy KOHCTPYKTOpa, U
WHULIMATU3UPYETCSI CTATUYECKON KOHCTAHTOM).

KoMnuisitop ocyliecTBiIsieT CTaTUYECKYI0 MHUIUATA3ALIMIO JO MEPBOTO OonepaTopa KOM-
MOHOBKM (assembly operator) nporpamMmbl. (OOBIYHO cTaTUYecKass MHULIMATU3ALUS YK€ Bbl-
nojiHeHa B (paiiie, coiepkalleM BBITTOJHSIEMYIO MPOrpamMmy, T.e. 3arpy3ka — 3TO MHHUIIMA-
ym3anus.) C apyroit CTopoHsbl, B si3bike C++ He onpejesieH MOpsIoK CTaTUYECKOM MHUIIMA-
JIN3alMi OOBEKTOB, TIPUHAIEXKAIIUX Pa3HbIM TPAHCIUMPYEMbIM MOAYJsAM (translation units),
YTO MPUBOAUT K MHOTOYMCIEHHBIM HenopasdymeHusiM. (IIpolue roBopsi, mpaucaupyemuiii mMo-
dyab — 3TO KOMMUJIMPYEMbIN UCXOAHBIN (aiin.) PaccmoTpum cienytommii KoJ.

// SomeFile.cpp

#include "Singleton.h"

int global = Singleton::Instance()->DoSomething();

B 3aBucumoctu OT MopsiAKa WHUIMATU3ALMKU, BBIOPAHHOTO KOMITWJISITOPOM JUISI Tiepe-
MEHHBIX instance_ u global, BbI3oB yHKIMU-UIeHa Singleton: :Instance MOXET BO3-
BpalllaTb OOBEKT, KOTOPBIN e€llle He COo3[AaH. DTO 3HAUMUT, YTO TMEPeMEHHYI0 instance_
HeJIb3sl CYUTATh MPOMHULIMAIM3UPOBAHHOM, €CJIM €€ UCMOJb3YeT APYroil BHEIIHUN OOBEKT.

6.3. OGecnevyeHue YHUKaJIbHOCTU CUHIJITOHOB

O6ecneunTh YHUKAIbHOCTh 00BbEKTa Kiacca Singleton MOXHO HECKOJBbKUMU CIOocoba-
Mu. Hekoropbie U3 HUX MBI YK€ TIPUMEHSUIU. DTO 3aKpbimble KOHCMPYKMODP NO YMOAYAHUIO U
KOHCcmpyKkmop konupoganus. VIX mpruMeHeHue OJIOKMpPYET KO, MPUBEACHHBIN HIDXE.

Singleton sneaky(*Singleton::Instance()); // oumnbka!

// He no3BonseT CKPLITHO co3aaTb Konuio obbekTa knacca Singleton,

// BO3Bpawaemoro ¢gyHkuuen-yneHom Instance
Ecnu He ompenennTh KOHCTPYKTOP KOIMPOBAaHUS, KOMIIWJISITOP CaM CO3JACT OTKPBITHIN
KOHCTpYKTOp (Meyers, 1998a). O0bsiBIeHUE SIBHOTO KOHCTPYKTOpa KOMUPOBaHMSI OJOKUPYET
aBTOMATUUYECKYI0 Te€HEpalMio, M pa3MelllcHHMe KOHCTPYKTOpa B pasieie private BBI3OBET
OIIMOKY Ha 3Tane KoMOWisiuuu GyHkumu sneaky.

Cutyaimio MOXHO HEMHOTO WCIpPaBUTb, €CIW TMO3BOJUTh (YHKIMU-YJIEeHY Instance
BO3BpalllaTh CCHUIKY, a He yKa3aTesb. [Ipobiema, cBsI3aHHas1 ¢ ykKazaTesJeM, BO3BpalllaéMbIM
¢yHKIMEN-wIeHOM Instance, 3aKI0YaeTCs B TOM, YTO BBI3BIBAIOIIMI KOH MOXKET ITOIThbI-
TaThCsl YAAIUTDH €ro C IMoMollbio oneparopa delete. s Toro 4ro66l MUMHUMU3UPOBATh BeE-
POSITHOCTB 3TOTO COOBITHsI, Oe30macHee BO3BpAIlaTh CCHIIKY.

// BHyTpu knacca Singleton

static Singleton& instance();

Hpyrasi ¢pyHKUUS-YIEH, TeHepupyeMas KOMITWJISITOPOM [0 YMOJYAHWIO, TPEACTaBIseT
co00li orepaTtop NPUCBaMBaHUS. YHHMKAJIbHOCTh OOBEKTAa HE CBSI3aHA C OIEPaTOPOM IIpH-
CBavBaHUS HEMOCPEICTBEHHO, OMHAKO OAHO M3 €€ OYEeBUIHBIX MOCIEACTBUI 3aKII0YaeTCs B
TOM, YTO IIPMCBaMBaTh OAWH OOBEKT APYTOMY HEIb3sI, IIOCKOJIBKY IBa 00BEeKTa Kjiacca Sin-
gleton OmMHOBpPEMEHHO CYIIECTBOBaTh He MoOryT. st obbekTa Kiacca Singleton moboe
MpUCBaMBaHME OKAa3bIBAETCS camolpucBauBaHueM (self-assignment), He WMeEOIIMM HUKa-
Koro cMbicia. CrenoBaTesbHO, cjelyeT 3a0JIOKMpOBaTh omnepaTop IpHUCBauBaHMS (clesaB
€ro 3aKPbITBIM U HUKOTJA HE peau3ys).
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[MocnenHuit ypoBeHb 3allIMThl CO3MAETCS 3aKPBHITHIM JECTPYKTOPOM. DTa Mepa TpeaoT-
BpalllaeT ciydyaiiHOe ynajieHue yKasaTessl Ha oObeKT Kiacca Singleton.
Taxum obpaszom, nHTepdeiic Kiacca Singleton NMpUHUMAET CIAEAYIOUIIA BUIL.

class Singleton

{
static Singleton& Instance();
onepaumu
private:
Singleton();
Singleton(const Singleton&);
Singleton& operator=(const Singleton&);
~Singleton();
};

6.4. PaspyweHune o6bekTOB kj1acca Singleton

Kak ykaspiBasioch Bblllle, OOBEKTBI Kjiacca Singleton co3maloTcs Mo TPpeOOBAHUIO MPU
TepBOM BBI3OBe (DYHKIIMU-UIeHAa Instance, KOTOPHIM OMpenesieT MOMEHT CO3MaHus, HO
OCTaBJISIET OTKPBITHIM BOMPOC 00 yaajeHUM oObekTa. Korma crieayer ymansiTb CO3MaHHbIN
aK3eMIuIsip, B KHUre Gamma et al. (1995) He ykazaHo, omHaKo, MO CBUAETENbCTBY [IkKoHa
Bnuccuneca (Pattern Hatching, 1998), aTo TpyaHas 3amaya.

HeiicTBUTEIBHO, €CT 00BEKT Kilacca Singleton He ymaleH, TO 3TO He O3HAYaeT YTeUKu
namsitu (memory leak). [TogoOHast rpo6yieMa BO3HUKAET, KOrJa B MaMSITH HaKarUIMBalOTCS
JAaHHbBIC, CCBUIKM Ha KOTOpBIe yTepssHbl. CUTyalmsl, CBsI3aHHasI ¢ 0OBEKTOM Kilacca Single-
ton, COBEpIIEHHO WHas. 3[eCh HUYETro He HaKaIuIMBaeTcs, U aapec OObeKTa M3BECTeH O
caMOoTro KOHIIa paboThI MPUJIOXKeHUS. boiee Toro, Bce cCOBpeMeHHBIE OINEpallMOHHbIE CHCTE-
Mbl CaMW BBIMOJHSIIOT MOJHYIO OYMCTKY TMaMsTHU MpM 3aBepLIEHUM MPOrpaMMbl.
(MuaTepecHoe oOCyXneHUWe TMPoOJIeMbl, YTO CUMTaTh, a YTO HE CUMTATh YTEUKOW ITaMSTH,
npoBeaeHO B KHure Effective C++ (Meyers, 1998a).)

OpHako yTeuka IMaMsITU BCE K& umeem mecmo, 060jee TOro, TIPOUCXOIUT CKpbimas ymeuka
pecypcog. KOHCTpYKTOp Kjlacca Singleton MOXET 3alpOCUTh HEOTPAaHUUYEHHOE KOJIMYECTBO
PeCypCcoB: CeTeBbIe COCAMHEHUs, 00pabOTKy CHUCTeMHBIX MbIOTeKcOB (OS-wide mutexes) u
JIpyTvie BHYTPUIIPOLIECCHBIE CPENCTBA CBSI3U, CChIIKM Ha BHEIMpOlleCCHbIe (out-of-process)
CORBA- mm COM-00beKTH U T.II.

EnvHCcTBeHHBIN cioco0 n30exaTh yTeYKU pecypcoB — YIATUTh O0BEKT Kiacca Single-
ton B MOMEHT 3aBeplleHMs] paboThl MpuioxeHus. Bompoc 3akiouaeTcsi B TOM, KakK Bbi-
OpaTh TPABWIBHBIM MOMEHT IS yAaJieHUsI 00beKTa, YTOOBl He BOZHUKIIO OOpallleHUsT K yXe
yIaJIeHHOMY OOBEKTY.

IIporie Bcero mpu ymajdeHWM CUHIJITOHA TTOJOXMUTBCSA Ha SI3BIKOBBIE MeXaHM3MbI. Ha-
MpUMep, NMPUBEIEHHbBII HUXE KON JEMOHCTPUPYET APYrod MoAXoJ K peaiu3aldu CUHIJITO-
Ha. BMecTo pasMelieHUsI 00beKTa B AMHAMUYECKOW TMaMSITH M TIPUMEHEHUS CTaTUYECKOTO
ykazaressi, yHKIMs Instance HCMOJb3YET .10KAAbHYIO cmamuueckyro hepementyro (local
static variable).

Singleton& Singleton::Instance()

static Singleton obj;
return obj;

DOTa npocrtas M 3JeraHTHasl peajv3alusi Obulia BrepBble onyoarkoBaHa CkoTToM MeiliepcoM
(Meyers, 1996, Item 26), moatomMy MbI OyJIeM Ha3bIBaTh TaKOW Kilacc cuneamonom Metiepca.
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CuHIITOH Meiiepca UCIOIb3yeT HEKOTOPBIE CKPBIThIC CBOMCTBAa Kommusitopa. Cratuye-
CKMe OOBEKTHI, ONpeNe/ieHHbIe B Telie (DYHKIIMKM, WHULIMATU3UPYIOTCS, KOTIa TOTOK YIIpaB-
JICHUsI BIIEPBBIC MPOXOOUT Yepe3 MX ompenesieHus. He myraiite craTmyecKue repeMeHHEIE,
KOTOpBIe WHUIIMAIM3UPYIOTCS BO BPeMs BBITIOJHEHHUs TTPOrPaMMBI, ¢ 3JIEMEHTapHBIMU CTa-
TUYECKMMHU TI€PEMEHHBIMHM, KOTOPblE WHMIIMAIU3UPYIOTCS CTATMYECKUMU KOHCTAHTAMU.
Paccmotpum criemyomuit mpuMep.

int Fun(Q)

{
static int x = 100;
return ++X;

1
B maHHOM ciyyae mepeMeHHasl X MHUIIMAJIU3UPYETCs 10 BHITTOJHEHUS TIEPBOTO ollepaTopa
nporpaMmbl. [Ipy mepBoM BbI30Be (YHKIIMM Fun M3BECTHO JMIIb, YTO TMEpeMeHHas X
naBHBIM-IaBHO paBHa 100. B mpoTmBHOM ciyvae, Korma rmepeMeHHass WHUIIUATU3UPYeTCs
He KOHCTaHTON Mepuoja KOMIWISLIMU, WU CcTaTUuyecKas TMepeMeHHasl SIBJseTcsl 00beK-
TOM, UMEIOIIMM KOHCTPYKTOp, JIOKaJbHasl cTaTudeckas MepeMeHHas WHUILMATU3UPYETCS
BO BpeMsI BBIMTOJIHEHUsI MPOrpaMMbl TMPpU MEPBOM MPOXOJe MOTOKA yMpaBJeHUs yepe3 ee
orpesielicHUE.

KpoMe Toro, KOMnujsitop Tak T€HEpUpyeT KOH, UTO Mocje WHUIMAIM3ALUU CUCTeMa
TTOAMCPKKY BBHITIOJTHEHUST MPOrpaMM PETUCTPUPYET MEepeMEHHYI0 KaK TpeaHasHaYeHHYI K
yIaJleHU10. OTOT @IrOPUTM MOXHO BBIPa3UTh C TMOMOIIBIO CJEAYIOIIEero ICeBAOKOA.
(ITepeMeHHBIE, UMSI KOTOPBIX COAEPXKUT NIBa TMOAYEPKUBAHMS, CUMTAIOTCS CKPBITHIMU, T.C.
OHU T€HEPUPYIOTCS U YIPABJSIOTCS TOJBKO KOMIUJISITOPOM. )

Singleton& Singleton::Instance()
{

// ®YHKUUU, reHepupyemble KOMMUISATOPOM

extern void __ConstructSingleton(void* memory);

extern void __DestroySingleton();

// TlepeMeHHble, reHepupyemble KOMMUISATOPOM

static bool __initialized = false;

// Bydep, B KOTOPOM XPAHUTCSA CUHINITOH

// (npepnonaraetcsi, 4To bydep BbIPOBHEH)

static char __buffer[sizeof(Singleton)];

if (! __initialized)

{
// TepBbli BbI3OB, CO34AeTCA OOBLEKT
// Bbi3biBaeTcsA (yHkumMs Singleton::Singleton
// B bydepHon namsaTu __buffer
__Constructsingleton(__buffer)
// PeructpupyeTcsa yaaneHue
atexit(__DestroySingleton);
__initialized = true;

}

return *reinterpret_cast<Singleton *>(__buffer);

}

CepnlieBUHON 3TOTO KOja SIBJSIETCS BBI3OB CTaHAAPTHOUW (yHKUMM atexit, MO3BOJSIIO-
1Ieil aBTOMATUYeCKW BbI3bIBATh 3aperMCTPUPOBAHHbIE €10 (DYHKIMUM TMPU BBIXOAE W3 MPO-
rpammbl B niopsinke LIFO (last in, first out — mocneqnuM mipuiien, nepsbiM yien). (Io omn-
penesieHuIo yaaieHue o0beKToB B si3bike C++ BbimonHsieTcs 1o npuHuuny LIFO: o0beKTh,
CO3[JaHHbIE TEPBBIMM, pa3pyllaOTCs MocaeAHUMU. Pazymeercsi, OObEKTHI, SIBHO YIpaBJsie-
MbI€ C TIOMOUIBIO OTepaTopoB new U delete, 3TOMy TpaBUIly He TTOMUMHSAIOTCS.) CUrHarypa
byHKkuMM atexit MMeeT clenylolnii BUI.
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// Nony4yaeT yKasaTenb Ha (QyHKUMUIO.

// Bo3BpawaeT 0, ecnu paboTa BbiNO/MHEHA YCNeElHO,

// WN HeHyneBoe 3HayeHue, eCcNn BO3HMKNA olmbka

int atexit(void(*pFun)());

Komnuasitop reHepupyeT yHKLIUIO __DestroySingleton, pa3pyliamllyio 00beKT Kiacca
Singleton, xpansiuiics B Oydepe __buffer, u nepenaer ee anpec GyHkuuM atexit.

Kak pabotaer dyHkuust atexit? Ilpu Kakmom BbI3oBe 3TOil (DYHKIIMM ee MapaMeTp 3aTal-
KUBaeTCsI B 3aKPBITHIN CTEK, TPEIYCMOTPEHHBIM OMOIMOTEKON MOMICPXKKN BBIMIOJHEHUST TIPO-
rpamm Ha si3bike C (C runtime library). [1pu BbIxoae M3 NMPUIOXKEHUs CUCTEMa MOAACPXKKU BbI-
TTOJTHEHUSI TIPOTPaMM BbI3BIBACT (DYHKIIMU, 3apeTHCTPUPOBAHHbBIC (hYHKIIMEH atexit.

Bckope Mbl yBUIMM, HacKOJbKO BaxkHa (yHKLHMS atexit, a Takxke (MHOTAA, K coxae-
HMIO), HACKOJIbKO OHa TeCHO CBsI3aHa € peaju3alivell 11abjoHa MpoeKTUpoBaHusa Single-
ton Ha s3bike C++. HpaButcs Bam 3TO WM HET, OHA OCTaHETCSl B LIEHTPe BHUMAHUs J0O
KOHIIa TJ1aBbl. He3aBUCMMO OT TOrO, KaKMM 00pa3oM pealiu3yeTcsl ynajieHue oobeKTa Kiacca
Singleton, Wi €ro BBINOJHEHUS HeobxoauMma (pyHKIMS atexit.

CuHrITOHB Meiiepca TIpenoCTaBIAIOT MPOCTEHIME CPEACTBA JJIST yAaJeHUs OOBEKTOB
Kji1acca Singleton mpu BbIXOme M3 IMporpaMmbl. B OONBIIMHCTBE CiiyyaeB OHM paboTaioT
6e3ynpeyHo. MBI XOpOIIO WX M3YYMM, BHECEM B HMX HEKOTOPBIC YCOBEPIIEHCTBOBAHMS U
CO3MaauM aJbTEPHATUBHbBIE PeAU3allUM IS CTIEHUATIbHBIX CUTYalIUi.

6.5. Mpob6nema BucA4emn CCbIJIKM

YT10OBl KOHKPETU3MPOBaTh Hallle OOCYXXIEHWE, PACCMOTPUM MPUMEpP, KOTOPbIA Mbl OyieM B
JAJTbHEMIIIEM MUCIIONIb30BaTh JUIsl WTIOCTPALIMM pa3HbIX peanuzauuii. Kak u 111a60oH mpoekTupo-
BaHus1 STngleton, 3TOT MpUMep JIerko chopMyIUPOBaTh U MOHSTH, HO TPYAHO PeaM30BaTh.

HormyctuMm, 4To B HallleM TMPUJIOXKEHUM MCIIONb3YIOTCS TPU CUHTIJITOHA: Keyboard, Dis-
play u Log. Y mnepBbIX ABYX Mojneieil ecTb puznueckue mpoToTuribl. CUHIATOH Log mpea-
Ha3HAYeH [JIs TeHepauuu cooOllleHuit 00 ommbkax. OH MOXET BOIUIOLIATHCS B BUIE TEK-
cToBoro ¢aiina 1160 BCIIOMOraTeJibHOM KOHCOJIU.

Byaem npenronarath, 4TO0 KOHCTPYKIIMSI CUHTJATOHA LOg BBIHYXIAeT 3aTpayMBaTh OIpeE-
JIeJIEHHBI 00BEM TOTOTHUTENBHBIX PECYPCOB, ITO3TOMY €rO JIy4llle BCEro KOHKPETU3UPOBaTh
TOJIbKO B CJlydyae BOZHMKHOBEHMSI OIIMOKU. Takum obOpa3oM, ecid B MPOrpaMMe HET OILIU-
00K, OHa BOOOIIE HE co3AaeT 0OBEKT Kilacca Log.

[Iporpamma nepecbiiaeT 0OBEKTY Kilacca Log Bce OLIMOKM, BO3HMKAIOIINUE TIPU KOHKpE-
TU3alMKU Ki1accoB Keyboard u Display, a Takke IIpU YHUYTOXEHUU X OOBEKTOB.

Ecau Mbl miombITaeMcsl peasiM3oBaTh 3TM KJAacChl B BUIIE CUHIJITOHOB Meiiepca, mpo-
rpamma Oynet paboTaTh HenpaBwibHO. Hampumep, nonyctum, 4to mocie yChneurHoro co3ua-
HUs1 00BbEeKTa Kiacca Keyboard mHuimanusauusi oo0bekTa Kiacca Display morteprena He-
ynauy. KoHcTpykTop o0bekTa Kiacca Display co3maeT oObeKT Kiaacca Log, B HEM PETMCT-
pupyeTcs olIMOKa, U TTOXO0Xe, YTO Ha 3TOM TPUWJIOXKEHUE JODKHO 3aBEPIIUTh CBOIO paboTy.
IIpu BBIXOAE M3 TpOrpaMMbl BCTYMAlOT B ACUCTBUE MpaBWIa S3bIKA: CUCTEMa IMOAIEPXKKU
BBITIOJTHEHUS TIPOTpaMM pa3pylliaeT JIOKAJIbHbIE CTATUUECKUE OOBEKTHI B TIOPSIAKE, OOpaTHOM
ouepenHOCTU ux co3nanusi. CienoBareibHO, OObEKT Kiacca Log OyaeT pas3pylieH do o0bek-
Ta kjiacca Keyboard. Ecnu mo HekoTopoli nmpuunHe o0beKT Kiacca Keyboard He Oymer yc-
MEIIHO YHUUTOXEH, a MOMbITaeTCd Nepenatb 00beKTy Kiiacca Log COODIIEHWE O BO3HMKILEH
ourmbke, yHKIUSI-UJIeH Log: :Instance HEBOJIbLHO BEPHET CCHUIKY Ha “00004YKy” paspy-
LlIEHHOTro 00beKTa Kjacca Log. Takum oOpa3om, MoBeJeHUE MPOrpaMMbl CTAHET HEIpeacKa-
3yeMbIM. B 3TOM M 3akitouaercst mpobaeMa Bucsiuei ccbuiku (dead-reference problem).
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IMopsinok co3maHust U paspyileHus 00beKTOB KiaccoB Keyboard, Log u Display 3apa-
Hee He ompenesieH. Heobxomumo, 4ToObl Kiacchl Keyboard u Display NMOIYMHSUIMCH Tpa-
BwiaM s3bika C++ (MocjieqHUM CO3[laH — TIePBBIM YHUUTOXEH), a KJIacC Log JTOJKeH ObITh
WUCKJTIOUEHUEM U3 BTUX MpaBuji. HeszaBucrumo OT TOro, Koraa oH ObUT cO3/1aH, OOBEKT Kilacca
Log Bcerma JAOJDKeH YHUUYTOXKAThCS II0ce O0BEKTOB KiaccoB Keyboard u Display, 4TOObI
OH MOT TOJIy4aTh COOOIIeHUsT 00 OlIMOKaX, BOZHUKAIOIIMX TIPY UX pa3pyllIeHUU.

Ecnau npunoxeHue comep>XUT HECKOJIbKO B3aMMOIEHCTBYIOLIMX CUHIJITOHOB, aBTOMAaTH-
YeCKM TMPOKOHTPOJUPOBATh TPOJOJIKUTEILHOCTh MX KU3HU HEBO3MOXHO. HopmanbHbIi
CUHIJITOH JOJDKEH MO KpalHeil Mepe pacho3nasames BUCAYWE CCHUIKUM. DTOrO MOXHO J0C-
TUYb, OTCJIEXKMUBAsi TPOLECC pa3pylieHUs] OOBEKTOB C TTOMOIIBIO CTaTUYECKOW OyJeBCKOM
nepeMeHHoi destroyed_. HayanbHoe 3HaueHue 3Toil mepeMeHHOU paBHO false. [decTpyk-
TOp KJacca Singleton MpuUCBaMBacT €l 3HAUCHUE true.

Ilepen Tem Kak mepeiTu K peanusauuu, noaseaemM utoru. Kpome cosmaHus oObekTa
Kinacca Singleton M Bo3Bpara CChUIKM Ha Hero, (GyHKUUS-4jieH Singleton::Instance
JIOJIKHA pacro3HaBaTh BUCSIUYIO cchUIKy. Crenyst npuHUUMy “omaHa GyHKIMsS — ofHa 3aia-
ya”, peaju3zyeM TpuU paszHble (QyHKUMM-4ieHa: Create, (aKTUUYECKU CO3AAIOINIYI0 OOBEKT
kiacca Singleton, OnDeadReference, BHITTONTHSIOLIYIO 00pabOTKY OUIMOOK, U XOPOIIO U3-
BeCTHYI0 (YHKIIMIO Instance, MPeaocTaBisIIoNIYI0 NOCTYyl K O0OBeKTy Kiacca Singleton.
M3 Bcex atux ¢yHKIMI TOIBKO Instance SBASETCS OTKPBITOM.

Peanuzyem kiacc Singleton, pacno3HarouMii BUCSYYIO CCbUIKY. Bo-mepBbIX, no0GaBuUM B
kiacc Singleton cratuueckyio Oy/eBCKylO0 mepeMeHHylo-wieH destroyed_. OHa mpemaHa3Haue-
Ha JUIs1 MTHAMKALIMKM BUCSIYEH CCbUTKU. 3aTeM MU3MEHUM JEeCTPYKTOp Kiacca Singleton, 4toObl OH
MpucBavBajl MepeMeHHoi pInstance_ 3HaueHue 0, a mepemeHHol destroyed_ — 3HaueHUe
true. HoBblit ki1acc u (yHKimsi OnDeadReference UMEIOT CIIAYIOLINIA BUI.

// Singleton.h
class Singleton

1.
public:
Static Singleton& Instance()

if (!pInstance_)

// TpoBepka BUCAYEN CCbUIKU
if (destroyed_)
{

onDeadReference();

else

{
// TNepBbid BbI30OB — MWHULMANU3ALUSA
Create();

}

3

return *pInstance_;

virtual ~Singleton()

{
pInstance_ = 0;
destroyed_ = true;
private:

// Co3paem HOBbIM 0b6beKT knacca Singleton
// W npucBaMBaeMm ykKa3aTe/Nlb Ha Hero nepemeHHon pInstance_
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static void Create()

// 3ajaya: MHULMANM3UPOBATb MepeMeHHyw pInstance_
static Singleton thelInstance;
pInstance_=&theInstance;

// Bbi3biBaeTcsA, ecnu obHapyxeHa BuUCAYas CCbika
static void onDeadReference()

throw std::runtime_error("06bHapyxeHa Bucs4vas ccbinka');

}

// DaHHble

static Singleton* pInstance_;

static bool destroyed_;
3a6/10KMPOBaAHHbIE OMnepaTopbl

3
//Singleton.cpp
Singleton* Singleton::pInstance_ = 0;

bool Singleton::destroyed_ = false;

OT1oT KON paboTtaeT! B MOMEHT 3aBepliieHUs1 pabOThl MPUIOKEHUS BbI3bIBAETCS JECTPYK-
Top Kiacca Singleton. OH mpucBaMBaeT MepeMeHHOU pInstance_ 3HayeHue 0, a mepe-
MeHHOl destroyed_ — 3HaueHue true. Eciu Kakoii-HUOyOb OOBEKT MOIBITACTCS IMOJIY-
YUTh JOCTYN K YHUUYTOXEHHOMY CHUHIJITOHY, MOTOK YIpaBJE€HUS JOCTUTHET (YHKIIMU On-
DeadReference, KOTOpasi CTeHEpPUPYET UCKIIOUUTEbHYIO CUTYyallMi0 runtime_error. OTo
npocroe U 3dekTUBHOE pellieHre, He Tpedylollee OOJbIIMX 3aTpaT PECYPCOB.

6.6. Mpobnema Bucauemn cconkm (1): peHunke

Ecau onucanHoe BbIlIe pellieHUe MpuMeHUTh K Tpobieme KDL (Keyboard, Display,
Log), pe3yJibTaT OKaxeTcsl HeyTelmuTeabHbIM. Ecnu mectpykTopy kiacca Display noHamo-
OUTCST COOOLINTHL 00 OIIMOKE YHMYTOXKEHHOMY OOBEKTYy Kiacca Log, (QYHKUIUS-WICH
Log: :Instance creHepuMpyeT MCKIIOUUTENIbHYIO0 cuTyauuto. Eciu paHbliie rnmoBeaeHue mpu-
JIOXKEHUST ObUIO HEMpencKazyeMbIM, TO TelepPb OHO CTaJ0 HEYJAOBJIETBOPUTETbHBIM.

Ham HyXHO, 4TOOBI IOCTYIT K OOBEKTy Kjacca Log ObLI MOCTOSIHHBIM, HE3aBUCHUMO OT
TOro, KOrga oH ObUT co3gaH. B kpailHem ciydyae MOXHO ObUIo ObI cOo3aaTh OOBEKT Kilacca
Log BHOBb (MOCJI€ €ro YHUUTOXEHMUS), YTOObl MOJYYUTh BO3MOXHOCTbH MCIIOJb30BaTh €ro
JUISI TeHepaluu cooOlleHuss 00 olIKnbKax 6 arboe gpems. DTa ujaesl MOJOXEHA B OCHOBY
mabyioHa mpoekTupoBaHusi Phoenix Singleton.

ITono6Ho nerennapHoit ntuue MeHUKe, BoccTaloleid U3 Merma, TaKoW CUHIJTOH MOXET
BO3HMKHYTh BHOBb I1OCJIE€ CBOETO0 YHUUTOXEeHMSsI. B Kaxablii (MKCUPOBAaHHBIN MOMEHT Bpe-
MEHU MO-TIPeXXHEMY CYIIECTBYET JIMILb OAWH 3K3eMIUISIp Klacca Singleton (IBYX CHHIJTO-
HOB OJJTHOBPEMEHHO ObITh HE MOXeT). TeM He MeHee Mpu OOHAPYXEHUU BUCSUYEH CCBUIKU
00BEKT 3TOr0 KJlacca MOXHO co3JaBaTh BHOBb. Mcronb3ys 1mabaoH mpoekTupoBaHusi Phoe-
nix Singleton, MoxHO jierko pemuth npoodsemy KDL: kiaccol Keyboard u Display oc-
TaloTCs OOBIYHBIMU CUHIJITOHAMU, & KJIAcC Log CTAHOBUTCSI (DEHUKCOM.

DeHnKC MOXHO JIETKO peayin30BaTh C TTOMOIIBIO CTaTUYeCKOl repeMeHHoi. [Tpu ob6Ha-
DPYXXEHUU BUCSIUYEH CCBUIKM HOBBIN OOBEKT kjacca Singleton coszmaercsi mon 00O0JIOUKOM
craporo. (B s3bike C++ 310 Bo3MOXxHO. [lamsiTh, BbiiesieHHas ISl CTaTUYECKUX OOBEKTOB,
OCTaeTcsl IOCTYMHON Ha BCeM MPOTSIKeHUWU paboThl MporpamMmbl.) PaspylieHre HOBOro o0b-
eKTa Takxke perucrpupyercs dyHkuueir atexit. MU3meHsaTs ¢pyHKIMIO Instance HE HYXHO.
Bce Mmoaudukaimu Kacatorcst ToJbKo GyHKIMKU OnDearReference.
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class Singleton
{
Kak U paHblie
static void KilTlPhoenixSingleton(); // BobaBneHo

1

void Singleton::0onDeadReference()

{
// Nonyyaem 060M104YKY YHUUYTOXEHHOrO CUHIITOHA
Create();
// Tenepb ykKasaTenb pInstance_ ccbinaeTcs
// Ha “nenen” CUHrATOHA — SYENKU NaAMATU, KOTOpble
// paHee 3aHWMAn YHUYTOXEHHbIN CUHFNTOH.
// Ha 3TOM Xe MecTe C03aeTCA HOBbIA CUMHINTOH
new(pInstance_) Singleton;
// CTaBMM HOBbI 0OBEKT B ouepeAb Ha YHUYTOXEHUe
atexit(KilTPhoenixSingleton);
// W3MeHsieM 3HayeHuMe nepemeHHon destroyed_,
// NMOCKONbKY CUHI/ITOH BOCCTaHOB/EH
destroyed_ = false;

}

void Singleton: :KiTlTPhoenixSingleton()

// CHOBa BCe npeBpawaem B nenen — Bbi3biIBAEM AECTPYKTOP SIBHO.
// NepemeHHOW pInstance_ npucBamBaeTcs 3Ha4yeHue 0,

// a nepemeHHon destroyed_ — 3HauyeHue true
pInstance_->~Singleton();

}

OnepaTtop new, UCMOJb3yeMblii B GyHKIIMU OnDeadReference, Ha3bIBAECTCS 0nEPAmMopom
pazmewenus (placement new operator). DTOT orepaTop He BbIACJSIET MaMsTh, OH JIMIIb CO3-
JTaeT HOBBbI OOBEKT M pa3MELIaeT ero 1Mo yKa3zaHHOMY aapecy, B HalleM cilyyae — MO0 ajpe-
Cy, YyKa3aHHOMY B INepeMeHHON pInstance_. MHTepecHoe OOCYyXIE€HUE 3TOro ornepartopa
MOXHO HaiiTu B kHure (Meyers, 1998b).

B npuBeneHHOM BHIlIE OMMCAaHUM Kilacca Singleton mobaBieHa HoBas yHKUMsT Kill-
PhoenixSingleton. 3Has, 4TO i1 BO3pOXIEHUs (PeHMKca B TporpaMMe HCIOJb3YeTCs
orepaTop pasMelleHUs new, KOMITWIATOP OoJibllie HE pa3pyllaeT ero, Kak OObIYHYIO CTaTv-
YeCKylo TepeMeHHY0. Mbl co3iaeM ero BpyyHyIO, TTO3TOMY U YHMUYTOXATh €ro JOJIKHBI ca-
MM, JIJIsI 4Yero W mpeaHa3HauyeH BbI3oB (pyHKIMU atexit(KiTlPhoenixSingleton).

[MpoananuszupyeM moTok coObiTHii. [Ipy BbIXOme M3 MPUIOXEHUS BBI3BIBAETCS JIECTPYK-
TOp Kjacca Singleton. OH ycTaHaBAMBaeT yKasaTesb Ha HYJEeBOW aJpec U MpHUCBauBaeT Ie-
peMeHHoOI destroyed_ 3HaueHue true. [Ipennongoxum Teneps, UTO K OOBEKTY Kiacca Sin-
gleton BHOBb MbITAETCS MOJYYUTh JOCTYIT HEKUI IoOaibHbIil 00bekT. Torna dyHKius In-
stance BbI3oBeT GyHKUMIO OnDeadReference, Koropasi peaHUMHMpPYET OOBEKT Kiacca
Singleton u cTaBUT B ouepeab BbI3oB GyHKuMU KilTPhoenixSingleton. Ilocne storo
(byHK1Ms Instance ycnenrHo BO3BpalllaeT CChUIKY Ha TpaBUJIbHBIN 00BEKT Kiacca Single-
ton. Ternepp UMK MOXHO MOBTOPSTh CHOBA.

DeHUKC TapaHTUPYET, YTO TIIOOANBHBIN OOBEKT M APYTHE CUHTJITOHBI B JII0O0OE BpeMs
MOIYT OOpaTUTHCSl K €ro MpaBUWIbHOMY 3K3EMIUISIpY. DTO nenaeT (peHUKC MpUBJIeKaTeIb-
HBIM CPEACTBOM [JIsI CO3IaHMsI HaJeXXHBIX U BCErla NOCTYIMHBIX OOBEKTOB, TAKUX KaK O0b-
eKT kiacca Log. Eciau cnenath kiacc Log deHUKCOM, Mporpamma Bcerna Oyaet paboTathb
MPaBUJIBHO.
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6.6. 1. Mpob6nemsi, cBA3aHHbIE ¢ pyHKUMeii atexit

Ecnu cpaBHUTH KOj, TIPUBENCHHBIM B MpPEbIAYIIEM pasiesie, ¢ KOAOM U3 OUOIMOTeKUn
Loki, obHapyxuTcsi ogHO oTinuve. B 6ubinoTeke BbI3OB (DyHKUMM atexit OKpyxkeH Iu-
peKkTuBOIi npemnpoiieccopa #ifdef.

#ifdef ATEXIT_FIXED

// CTaBMM HOBbI 0OBLEKT B ouepeAb Ha YHUYTOXEHUe
atexit(KilTPhoenixSingleton);

#endif
Ecnu B mporpammMe HeT AUpeKTUBHI #define ATEXIT_FIXED, BHOBb CO3JaHHBbIM (DeHUKC HE
OyIeT YHUYTOXEH. DTO MPUBEIET K YTeUKe MaMsITH, KOTOPOW MbI CTPEMHUMCS M36eXKaTh.

DTO NMPOUCXOOUT MOTOMY, YTO B cTaHAapTe si3bika C++ ecTb mocanHblii mpobesn. B Hem
HE OMUCAHO, YTO CJIYYUTCS, €ClU (DYHKIMS PEeTUCTPUPYETCS ¢ TOMOUIbI0 PyHKIIMU atexit
BO BPEMs BbI30Ba, KOTOPBINA SIBJISIETCS CIEACTBMEM IPYroil perucrpaumu GyHKUMU atexit.

YToObI TPOMJUTIOCTPUPOBATH BTy MPOOJIEMY, HAMMUIIIEM KOPOTKYIO TECTOBYIO TIPOTpaMMYy.

#include <cstdlib>

void Bar(Q)
{

void Foo()
std::atexit(Bar);
int main(Q)

std::atexit(Foo);

}

DTa MajieHbKasl TIporpaMMa perucTpupyer (YHKILUIO FOO ¢ MOMOIIbIO (YHKLIMU atexit.
Dyukiuusa atexit BBIMNOJHSET BBI30OB atexit(Bar). DTOT ciydaii He ONMKMCAH HU B OJHOM
u3 craHgapToB s36iIKoB C u C++. Ilockonbky ¢yHKIMS atexit W paspylleHUe CTaThde-
CKMX IIEPEMEHHBIX TECHO CBSI3aHBI APYT C IPYTOM, IIPHM BBIXOIE M3 IPMIIOKECHUS MBI TepsSeM
nouBy noa Horamu. CraHgapthl s3bIkoB C 1 C++ BHyTpeHHEe NMpoTUBOpeYuBbl. OHU yTBEp-
XKIAT, 9TO0 (PYHKIUMS Bar OymeT BhI3BaHa A0 (PYHKIIMM FOO, ITOCKOJbKY (PYHKIIMS Bar 3a-
peructpupoBaHa rmocieaHeir. OOHAKO OHAa HE MOXET BBI3bIBATHCSI IEPBOI, ITOCKOJIBKY
(byHk1MsI FOO yXe Oblia BbI3BaHa.

MoxeT mokazaThCsl, YTO 3TO CIMILKOM akageMudeckas IpobiemMa. [locMoTpum Ha Hee ¢
Ipyroii CTOpoHHEI. HammcaHHast BhIIIe mporpamMMma ObLIa IIpOBEpeHA Ha TpeX IIMPOKO pac-
MPOCTPAaHEHHBIX KOMMOWIsITOpax. Ee IoBeneHMe M3MEHSUIOCh OT IPOCTO HEIPaBUJIBHOIO
(yTeuka pecypcoB) 0 TOJHOIO Kpaxa.

Ha mowuck peleHmst 3Toii 1po0ieMbl YT JOBOJILHO MHOTO BpeMeHU. B maHHBIT MOMEHT
CUMTAETCS, YTO JIy4llle BCErO B 3TOM CHUTyalluM MPUMEHSTb Makpochl. B apyrnx KoMmuiasitopax

2 o obcykaal 9Ty MpobiieMy KaK B TPyITIe HOBocTel (comp.std.c++), TaK M MO BIEKTPOHHOI MOY-
te co CtuBoM KiramaxeMm (Steve Klamage), npencenatesieM KOMUTETA IO cTaHAapTU3alK si3bika C++
(ANSI/ISO C++ Standards Committee). DTa mpobiiemMa eMy XOpOIIIO M3BECTHA, M OTYET OO 3TOM Je-
(dexkTe yxe HampaBieH B COOTBETCTBYIOIIME KOMHUTEeTbl. MX MoxHO Haiitu Ha Web-cTpaHule
http://anubis.dkuug.dk/jtc1/sc22/wg21/docs/Iwg-issues.html#3. K cyactpio, Hambojee TpUeMIeMbIM
pelleHneM 3TOi MPoGIEMbl B HACTOSIIEE BPEMsl CYMTAETCs peaimsanus kiacca Singleton, omucan-
Hast 371ech. Jlaxe ¢ QYHKUUSME, BBI3bIBAEMBIMM B MOMEHT BBIXOJIa M3 IPOrpaMMmbl, GyHKIMS atexit
paboTaeT Mo MPUHLMITY CTeKa, YTO U TpedyeTcs.
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MPpU BTOPUYHOM CO3IaHUM (DEeHMKCA B KOHIIE KOHIIOB MTPOM30MIET yTeuka naMstu. Ecim kommnu-
JIATOP TMO3BOJISIET, MOXXHO BCTaBUTb B MIPOrpaMMy IMpeKkTuBy #define ATEXIT_FIXED nepen Au-
PEKTMBOI BKITIOUEHMSI 3aroIOBOYHOrO (haityia Singleton.h.

6.7. Mpoonema Bucauen ccobinku (I11): CUHrNTOH ¢ 3apaHHOM
NPOAOJIKUTENIbHOCTbLIO XXU3HU

DeHuKc yno0eH BO MHOTHMX CUTyallUsiX, HO UMeeT Maccy HeaocTtaTkoB. OH HapyllaeT
HOPMAaJIbHBIM UMKJI KM3HU CHUHTJTOHA, YTO MOXET CO3[aTh TMPOOJeMbl IS HEKOTOPbIX
rnoJjip3oBartesieil. B pe3ysibraTte BHIMOJIHEHUS LIMKIIA Pa3pyLIEHUsI-BOCCTAHOBJICHUSI CUHIJITOHA
ero coctosinue tepsietcsi. [IporpaMMUCT, CBSI3aHHBINM C peaiu3alueil KOHKPEeTHOTO CUHTJITO-
Ha, MCIOJb3yloluil crpaternio deHukca (Phoenix strategy), TOJKeH yaeiauTb 0co00e BHU-
MaHWe XpaHEHUIO €ro COCTOSTHUS MEXIY MOMEHTAMU €ro pa3pyllieHUs] U BOCCTAHOBIEHMSI.

DTO 0COOEHHO JI0CAJHO, MOCKOJIBKY B CUTyalMsX, Mogo0HbIX 3agaue KDL, HyxxHO mouHo
3HaTh MOPSIOK AeicTBUiA. Ecin o0beKT Kilacca Log co3gaH, OH B JIIOOOM ciiydyae JOJDKEeH
OBITh pa3pyllieH Iocjie 00bEKTOB KiaaccoB Keyboard u Display. MHbIMU ciioBamMu, OOBEKT
Ki1acca Log JOJDKEH XUTh JOJiblile, YeM OOBeKThl KiaccoB Keyboard u Display. Ham nHy-
JKE€H TPOCTO CIMOCOO YIpaBieHUs] MPOAOIKUTEIbHOCTbIO XXM3HU Pa3HbIX CUHIJITOHOB, U
Toraa Mbel cMoxeM pelnTh 3amadyy KDL, 3amaB mist oobekTa kjiaccca Log 0oJiee BBICOKYIO
MPOJOIKUTEIBHOCTD XU3HU, YEM Yy 00BEKTOB KiiaccoB Keyboard u Display.

OpHako 370 eie He Bce! OmucaHHas BbIlIe MpoOieMa OTHOCUTCSI HE TOJIbKO K CHHTJITO-
HaM, HO U K MJIOOAJbHBIM 00OBEKTaM BOOOIIE. DTO MO3BOJSIET BBECTU MOHSITUE YHPAGACHUS
npodoaxcumensHocmor0  dcusHu obsexkmoeg (longevity control) He3aBUCUMO OT KOHUEMIIUU
CUHIITOHA. YeM 0oJblilyi0 MPOAOIKUTENbHOCTD XKU3HU UMEET 008ekm, TeM MO3XKe OH OyaeT
YHUUYTOXEH, MPUYEeM HEBAXHO, SIBJISIETCS OH CUHTJATOHOM WX TJ00aTbHBIM OOBEKTOM, pa3-
MEIIEHHBbIM B TUHAMUYECKOU MaMsITH.

// Knacc Singleton

class someSingleton { ... };

// OBbIYHBIA Knacc
Class SomeClass { ... };

SomeClass* pGlobalobject(new SomeClass);
int mainQ)

SetLongevity(&SomeSingleton().Instance(), 5);

// TapaHTupyeT, 4To 06bekT pGlobalObject byaeT yHUUYTOXeH
// nocne 3k3emnaspa kKnacca SomeSingleton
SetLongevity(pGlobalobject, 6);

1
®yHK1Ms SetLongevity MoaydaeT yKasarelb Ha OOBEKT 1700020 TUIIA U LETOYUCIEHHOE
3HaYeHUe (MPOIOIKUTEILHOCTD KU3HM).

// Tony4yaeT yKka3aTeNllb Ha 0b6bEKT, pa3MelleHHbit B NaMaATu

// C noMowblo onepaTopa hew, U ero MpPoAOIXUTENbHOCTb XU3HU

template <typename T>

void SetLongevity(T* pDynObject, unsigned int Tongevity);
Dyukiuusa SetLongevity rapaHTUpyeT, YTO OOBEKT pDynObject mepeXuBeT BCEe OOBEKTHI,
MMEIOIIME MEHBIIYIO MPOIOKUTEIbHOCTD XKU3HU. [1pu BBIXOAE M3 MPUIOXKEHMST BCE OOBEK-
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ThI, 3aperUCTPUPOBaHHBIE (DYHKIIMEH SetlLongevity, ymaisioTcsa M3 MaMATH C TTOMOIIBIO
oneparopa delete B MopsiiKe BO3pacTaHusl MPOJOKUTEILHOCTU UX KU3HMU.

DyHKIMIO SetLongevity HeJb3sl IPUMEHSITh K OOBEKTaM, MPOIODKUTEIBHOCTD XKU3HU KO-
TOPbIX YIPABISIETCS] KOMITUJISITOPOM, HarpuMep, K OObIYHBIM IJI00ATbHBIM, CTATUYECKMM U aB-
TOMaTUYEeCKUM 00beKTaM. KoMImiaTop yxke cosman Ko Ui MX YHUITOXKEHMsI, M BbI30B (DyHK-
MK SetLongevity sl 3TUX OOBEKTOB MOXET CIPOBOLIMPOBATH MX MOBTOPHOE YHUUTOXEHUE.
(BT0 HMKOIIA HE TIPUBOIUT HU K YeMy XopoieMy.) DyHKIMA SetlLongevity mpemHazHaueHa
JUTS1 OOBEKTOB, CO3JaHHbBIX TOJILKO C MOMOILbIO onepatopa hew. bosee Toro, mpuMeHeHue (GyHK-
MK SetlLongevity K 3TUM 0OBEKTaM OTMEHSIET BBI3OB oreparopa delete st MX ymaaeHMs.

B kauecTBe ajbTepHATUBBI MOXHO CO31aTh OOBEKT ISl YIpaBIeHUs] 3aBUCUMOCTbIO, KO-
TOPBI KOHTPOJMPOBAJ OBl 3aBMCUMOCTh MeXay oObekTamu. Kitacc DependencyManager
Mor Obl coiepxkaTb GyHKIIMIO SetDependency, KaK MOKa3aHO HUXeE.

class DependencyManager

{
public:

template <typename T, typename U>

void SetDependency(T* dependent, U& target);
1

HectpykTop kjacca DependencyManager YHUYTOXaad Obl OOBEKTHI MO MOPSIKY, Mepe] 3TUM
paspyuiasi 3aBUCMMOCTH MeXIy HUMM.

INpoexTHOE pellleHWe, OCHOBAaHHOE Ha TPUMEHEHMM Kiacca DependencyManager, uMmeeT
OOJIBILION HEMOCTaTOK — 00a 00bEeKTa MOKHBI CYLIECTBOBATH OJHOBPEMEHHO. DTO 3HAUYMT, YTO
TMIPY TIOTILITKE YCTAHOBUTH 3aBUCMMOCTb MEXIy 00BbeKTaMu KilaccoB Keyboard v Log, Harpumep,
TPUIETCS CO3MaTh OOBEKT Kilacca Log, aXe eC/id B NaJIbHEWIIEM OH COBEPIIIEHHO HE HYXEH.

i Toro 4toObl M30eXkaTh 3TOM JIOBYIIKM, MOXHO YCTAaHOBUTH 3aBUCHMOCTb MEXIY OOBEK-
TaMu KJIacCoB Keyboard M Log BHYTPM KOHCTPYKTOpa Kiacca Log. OmHaKo 3TO co3daeT CIUIILI-
KOM CWJIbHYIO CBSI3b: OOBEKT Kilacca Keyboard 3aBUCUT OT onpejeieHust Kiacca Log (MTOCKOJbKY
OH MCIMOJB3YeT 3TOT KJacc), a 00BEeKT Kjiacca Log 3aBUCUT OT OMpelesieHus Kiacca Keyboard
(MOCKOJIbKY OH 3a/IaeT 3aBUCMMOCTb MEXIYy HUMM). DTO HeXeslaTelbHOe SIBJIEHHE Ha3bIBAeTCs
yukaudeckou 3asucumocmoto (circular dependency). OHo onpo6HO obcyxaaetcs B rase 10.

BepHemcs kK mapaaurMe npoaoKUTETbHOCTU XU3HU. TTockonbKy ¢yHKIIMST SetLongev-
ity JOJDKHA OCTOPOXHO paborarh ¢ (yHKIMEW atexit, HYXHO TIIATEJbHO OIPEIeIUTh
TOYHYIO MOCJIeI0BaTebHOCTh BHI30BOB IECTPYKTOpA B CJEMYIOLIEH TporpaMme.

class SomeClass{ ... };
int mainQ)

// Co3paeM obbeKT M 3ajaeM ero NPoAONXUTENbHOCTb XU3HU
SomeClass* pObjl = new SomeClass;

SetLongevity(pobjl, 5);

// CO3paeM CTaTUYECKUN O0b6BLEKT, NPOAONKUTENBHOCTb XU3HU
// KOTOpPOro NOAYMHAETCS NpaBuiaMm fi3blka C++

static SomeClass obj2;

// Co3paeMm apyron obbekT U 3ajaaem eie 6onblylo

// NpPOAOKUTENbHOCTb €ro XM3Hu

SomeClass* pObj3 = new SomeClass;

SetLongevity(p0Obj3, 6);

// B KakoMm nopsaake 6yayT YHUYTOXEHbl 3TU 0ObLEKTbI?

B ¢dyHKIMU main ompeaencHbl KaK OOBEKTHI, MPOMOJIKUTEIIBHOCTD KU3HU KOTOPHIX 3a-
JaeTcsl MPOrpaMMUCTOM, TaK U OObEKThI, MOAYMHSIIOIIMECs MpaBuiaaM sisbika C++. Onpene-

Mnasa 6. Peannsauus wabnoHa Singleton 163



JINTh Pa3yMHBIN MMOPSIOK YHUUYTOXKEHHS 3TUX TPeX OOBEKTOB JOBOJBHO TPYAHO, ITOCKOJIBKY
KpoMe (DYHKIMM atexit y Hac HeT HMKAKWMX CPEICTB IJIsi MAaHUIYJIMPOBAHMS CKPBITHIM
CTEKOM, IMPEAYCMOTPEHHBIM CUCTEMOM MOMAEPXKKHU BBIITOJHEHHUS ITPOIPAMM.

TiaTeIbHbIA aHAIU3 3TUX OFPAHUYEHUIA IPUBOIUT K CJIECAYIOIIMM ITPOEKTHBIM PEILIEHHUSIM.,

o Kaxnplii BbI30B (DyHKLIMK SetlLongevity JIOJKEH COMPOBOXKIATHCS BHI30BOM (PYHK-
oMy atexit.

e VHMYTOXEHME OOBEKTOB, UMEIOIINX MEHBILIYIO IPONOJLKATEIBHOCTD XNU3HU, JOIKHO
MPEIIECTBOBATD YHUYTOXEHUIO OOBEKTOB C OOJIBLIEH MPOAOIKUTEIBHOCTDIO KU3HU.

L PaSpyH.[CHI/IC O6’LCKTOB, UMCIOIIMX OAMHAKOBYIO NPOAOJEKUTCIBHOCTb KM3HU, HOJIK-
HO CJI€O0BaTh IMpaBUJIy A3bIKa C++: mocnegHUM co3maH — IIEPBbBIM YHUYTOXKCH.

B npuBeneHHOM BbIlE MPUMEPE 3TV NPaBUJIa IPUBOAAT K CJAEAYIOLIEMY MOPSAKY YHUUTOXe-
HMS 00BEKTOB: *pObjl, obj2, *pobj3. IlepBoliii BbI30B (hyHKIIMK SetlLongevity COMpoOBOXIAET-
Cs1 BbI30BOM (DYHKIIMU atexit U YHUUTOXEHUS] 00beKkTa *pOb3j3, BTOpPOIl BbI3OB, COOTBETCT-
BEHHO, 3aKaHYMBAETCS] BHI30BOM (DYHKIIMM atexit sl YHUUITOXEHUs 00beKTa *pObjl.

DyHkIMs SetLongevity JaeT MPOrpaMMMUCTaM BO3MOXHOCTb YIPaBJISTh MPOMOJIKU-
TEJIbHOCTHIO XU3HM OOBEKTOB M XOPOIIIO CoriacyeTcsl ¢ rnpaBwiamu si3eika C++. 3ametum,
OITHAKO, YTO, KaK MU MHOTME MOIIHbIE MHCTPYMEHTbI, OHA MOXET oKa3aThCsl ornacHoii. Cre-
JyeT MPUIEPXKUBATHCS CIAEAYIOLIEro MpaBuiia: 000l O0BEKT, NCTOJIb3YIOINNA O0BEKT C 3a-
JTAHHOW MPOAOIKUTENIBbHOCTBIO XU3HU, JOKEH UMETh MEHBIIYI0 MPOJOJIKATEIbHOCTD KN3-
HU, YeM UCIIOJIb3yeMbIll OOBEKT.

6.8. Peannsauums CUHrNTOHOB, UMEIOLLUX 3a0aHHYIO
NPOAOJDKUTESIbHOCTb XKU3HU

Hecmotpst Ha To uto cneumdukanust ¢hyHKIMA SetLongevity 3aBepllieHa, pealu3auusl He
3akoH4eHa. DyHKIIMA SetlLongevity MOAAEPKUBACT CKPBITYIO ouepeds ¢ npuopumemamu (priority
queue), HE CBS3aHHYIO C HEJOCTYMHBIM CTeKOM (yHKUMK atexit. B cBoro ouepenb GhyHKIMsI
SetLongevity BbI3bIBacT (YHKIIMIO atexit, Bcerma repenaBast € OMMH U TOT e yKasaTeslb Ha
(byHK1IMIO, KOTOpasi BHITAJIKMBAET U3 CTeKa U yAaisieT OAMH 3JeMeHT. Bce 3T0 TOBOJILHO MPOCTO.

IMpobnema 3akioyaeTcsl B UCTIOJIB30BAHUU OYEepEaU C TIPUOPUTETAMU, KOTOPBIE YCTaHaB-
JINBAIOTCSI B COOTBETCTBUU C MPOAOKUTENbHOCTBIO XU3HU, TepenaBaeMoil hyHKIIMU Set-
Longevity B Buae mapamerpa. JJia 3amaHHON TTPOJOKUTETFHOCTA XU3HU odepenb (hyHK-
LIMOHUPYET KaK CTeK. YHUUTOXEHHE OOBEKTOB, MMEIOLIUX OAMHAKOBYIO MPOIOIKUTEb-
HOCTb XW3HM, OCYIIECTBIISICTCS TO TPaBUIy “MOCIACTHUM TPUINET, TEPBBIM yImena”.
HecmoTpst Ha coBmageHue WMMEH, Mbl HE MOXEM MWCMOJb30BaTh CTaHAAPTHBIN Kiacc
std::priority_queue, MMOCKOJbKY OH He yCTAaHABIMBACT MOPSIOK CJICAOBAHUS JIEMEHTOB,
MMEIOIIMX ONMHAKOBBIN MPUOPUTET.

DJIeMEHTHI TaHHOM CTPYKTYpPHI JaHHBIX cOAepXXaT yKasaTeqd Ha Turl LifetimeTracker.
Hx uHTepdeiic cocToUT U3 BUPTYAIbHOTO JECTPyKTOpa M oreparopa cpaBHeHUs. B mpous-
BOIHBIX KJaccax HIECTPYKTOP MOJDKeH 3amelnarbesa. (MBI BCKOpe YBUIWM, Kakasi (byHKIIUS
compare JJisl 3TOr0 MOJAXOIUT JIydllle BCETro.)

namespace Private
class LifetimeTracker
public:

LifetimeTracker(unsigned int x) : Tongevity_(x) {}
virtual ~LifetimeTracker() = 0;
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friend inline bool Compare(
unsigned int longevity,
const LifetimeTracker* p)
{ return p->longevity_ < longevity; }
private:
unsigned int longevity_;

y
// Heobxoaumoe onpepeneHue
inline LifetimeTracker::~LifetimeTracker() {}
}
Ouepenb ¢ IPUOPUTETAMU TIPENCTaBIsIeT COOOM MTMHAMMUYECKMI MAacCUB yKasaTeseil Ha
00BeKTH Kitacca LifetimeTracker.

namespace Private

typedef LifetimeTracker** TrackerArray;
extern TrackerArray pTrackerArray;
extern unsigned int elements;

B mporpamme MOXeT CyllecTBOBATh JIMIIIb OAUH 3K3eMIUIsIp Tumna TrackerArray. Crieno-
BaTeJIbHO, MpU paboTe ¢ MaccUBOM pTrackerArray BO3HMKAIOT BCE T€ Xe MpPOOJEMbI, yKa-
3aHHbIC BbILIE 151 Kiacca Singleton. Bo3HukaeT mHTepecHast nmpobjemMa “Kypulibl U situa”:
(yHkums SetlLongevity AOMKHA OBITb M 3aKPBITOM, M MOCTYITHOW OAXHOBpeMEHHO. YTOOBI
peluTh 3Ty TpobieMy, GhyHKIMs SetLongevity MCMOAL3YET Ui MAHUITYJISIIUMIA C MacCHBOM
pTrackerArray ¢yHKUMM HU3KOTO YPOBHS U3 ceMeiicTBa std::malloc (malloc, realloc u
free)’. Takum 00pa3oM, pelIeHUe MPOOIEMBI “KYPULbI U SiALa” MepPeKIablBAETC Ha MeXa-
HM3M pacrpelesieHrs] TMHAMUUYECKO MaMsTu B s13blke C, rapaHTUPYIOIIMI MPaBUIbHYIO pa-
6oty npuioxeHus. CremnyeT OTMETUTh, YTO peaiusaiusi (yHKIMU SetLongevity JOBOJIBHO
npocta. OHa co3maeT KOHKPETHbIN 00beKT Kitacca LifetimeTracker, nobGaBisieT ero B CTeK U
PETUCTPUPYET BHI3OB (PyHKIIMM atexit.

IMpuBeneHHbIN HUXE KOJ OYeHb BaXeH Ajisi 00001ieHus. OH BBOOUT B PacCMOTPEHUE
(byHKTODPBI, TIpEeIHA3HAYEHHBIE IS YHUYMOICEHUsT OTCIEXKUBAEMbIX OOBEKTOB. DTO MO3BOJISI-
€T He MCNOoJIb30BaTh ornepatop delete s yaaneHUss o0beKTa U3 AUHAMUYECKOW MaMSITH,
MOCKOJIbKY MOXET OKa3aThCsl, UTO OOBEKT HAaXOAUTCS B aJbTEPHATMBHON Kydye WJIM TOAE-TO
ewe. [lo yMOM4aHWIO MEXaHU3M YHUUYTOXEHUS OOBEKTA TMPEACTABISIET COOOM yKazaresab Ha
(yHkuuio, BeI3bIBatoOlIYyI0 ornepatop delete. Dra ¢yHKIMS Ha3biBaeTcs Delete, a ee 11abd-
JIOHHBIM TTapaMeTp 3aJaeT TUIl yAAISeEMOro OObeKTa.

namespace Private

// BcnoMmoraTtenbHas GyHKUMA ANS yjaaneHus ob6beKToB
template <typename T>
struct Deleter

static void Delete(T* pObj)
{ delete pobj; }
1
// KOHKpeTHbn 06bekT knacca LifetimeTracker ans obbvekToB Tuna T
template <typename T, typename Destroyer>
class ConcreteLifetimeTracker : public LifetimeTracker

3 @axtiueckn dyHKuMs SetLongevity mcronw3yer Tonsko dyHkimio std::realloc, 3ame-
HsIIoIIyI0 cob6oii 1 dynkuuio malloc, u dynkuuio free. Ecau Boi3BaTh €€ ¢ HYJIEBBIM yKa3aTeleM,
oHa BezieT cebs Kak (yHkims std::malloc, a ecnu 3amaTh HyJIEBOM pasMep, OHA MMUTUPYET paboTy
dynkuuu std: : free.

maga 6. Peanusauus wabnoHa Singleton 165



{
public:
concreteLifetimeTracker(T* p,

unsigned int longevity,
Destroyer d)
:LifetimeTracker(longevity),
pTracked_(p),
destroyer_(d)
{}

~ConcreteLifetimeTracker()
destroyer_(pTracked_);

private:
T* pTracked_;
Destroyer destroyer_;

y
void AtExitFn(); // Heobxoaumoe obbaABNeHUe

}

template <typename T, typename Destroyer>

void SetLongevity(T* pDynObject, insigned int longevity,
Destroyer d = Private::Deleter<T>::Delete)

TrackerArray pNewArray = static_cast<TrackerArray>(
std::realloc(pTrackerArray, sizeof(T) * (elements + 1)));
if (!pNewArray) throw std::bad_alloc();
pTrackerArray = pNewArray;
LifetimeTracker* p = new ConcreteLifetimeTracker
<T, Destroyer>(pDynObject, Tongevity, d);
TrackerArray pos = std::upper_bound(
pTrackerArray, pTrackerArray + elements,
Tongevity, Compare);
std::copy_backward(pos, pTrackerArray + elements,
pTrackerArray + elements + 1);
*pos = p;
++elements;
std::atexit(AtEXitFn);
1

Hcnonb3oBanue pyHKuMit std: :upper_bound u std: : copy_backward HamMHOro otjeryaer
YTeHWe W TIOHMMAaHWE B3TOr0 HETpUBMAIbHOrO Koma. OmucaHHasi Bbllle (DYHKIUSI BCTaBJISIET
BHOBb CO3MaHHBIM yKa3aTeldb Ha OOBbEKT Kilacca ConcretelifetimeTracker B ynopsimoueHHbIA
MacCUuB, Ha KOTOPBII CChUIAETCsl yKazaTeslb pTrackerArray, COXpaHsieT MOpPSIIOK CIeIOBaHUs €ro
9JIEMEHTOB, a TakKe 00pabaThIBaeT OILIMOKM U BO3HMKAIOIIME UCKIIOUNUTEIbHbBIE CUTYaLINH.

Teneps nens dynkuuum LifetimeTracker::Compare mposicHseTcs. MaccuB, Ha KOTO-
pBIii cchllaeTcsl ykasareiab pTrackerArray, ynopsioyeH B COOTBETCTBUU C MPOAOJIKUTENb-
HOCTbIO XXU3HU 00BEKTOB. OOBEKTHl C HAUOOJbIIEH MPOAOIKUTEIBHOCTHIO KM3HU HAXOISAT-
cs B Havajie MaccuBa. OOBEKTHI C OAMHAKOBOM MPOAOIKUTEIbHOCTbIO XXU3HU CIEAYIOT B CO-
OTBETCTBUU C OYEPEAHOCTHIO UX BCTaBKH.

DyHKIMs AtEXitFn BbITAIKMBAET OOBEKT C HAMMEHBIIEH MPOJOKUTEbHOCTbIO XXKU3HU
(T.e. TIOCTIEMHUIA BJIEMEHT MacCuBa) M yaalsieT ero. YaajeHue yKasaTesiash Ha oOBbeKT Kjacca
LifetimeTracker mpuBOAUT K BHI3OBY JAECTPYKTOpa Kjaacca ConcreteLifetimeTracker,
KOTOpBIi B CBOIO OYepeb yaasieT OTCAEXMBAEMbIN OOBEKT.

static void AtExitFn()

assert(elements > 0 && pTrackerArray != 0);
// Bblbupaem 371eMeHT, HaxoAAWWACHA Ha BeplinMHe CcTeka
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LifetimeTracker* pTop = pTrackerArray[elements - 1];
// Yhansem 3TOT 06beKkT M3 CTeka.
// Ownbku He npoBepsawTcs — GyHkums realloc,
// NpUMeHeHHas K MeHblieMy pa3mepy namsaTw,
// Bcerpa paboTaeT npaBuIbHO
pTrackerArray = static_cast<TrackerArray>(std::realloc(
pTrackerArray, sizeof(T)*--elements));
// YHUUYTOXAeM 3/ieMeHT
delete pTop;
}

Co3znaBast (yHKIIUIO AtEXitFn, ciiemyeT ObITh BHUMAaTeIbHBIM. OHa IOJDKHA BBITATKH-
BaTh M3 CTeKa BJIEMEHT, HaXOMAIIWICSI Ha BeplIMHE, U yOalaTh ero. B cBoo ouepenn mecT-
PYKTOD yIaJsSIEeMOro 3JIeMEHTa JUKBUIVMPYET YIpaBIsIeMblii UM 00beKT. [1pobiiema 3aKimoda-
€TCSl B TOM, YTO (DYHKIIUST AtEX1tFn JODKHA BBITOJKHYTh OOBEKT U3 BEPLIMHBI CTeKa 00 €To
yIaJIeHUsI, TTOCKOJIbKY pa3pylleHWe OIHOTO OOBEKTa MOXKET ITOBJIeYh 3a CO0OIl Co3maHue
JIPYTOTO, KOTOPBIN OYyIET 3aTOJIKHYT 0OpaTHO B cTeK. HecMOTpsl Ha TO YTO 3TO BBITJIAIUT J0-
BOJIbHO HEOOBIYHO, MMEHHO TaK pPAa3BMBAIOTCS COOBITHS, KOTIa IECTPYKTOp Kiacca Key-
board mbITaeTcs UCMONB30BaTh OOBEKT Kilacca Log.

ITo ymonuaHuIO KOI CKPBIBAET CTPYKTYPhl JaHHBIX, U (YHKIMS ATEXitFn HaxXxoAMTCS B
MpoCTpaHCTBe MMeH Private. [lonb3oBaTesn MOTYT JII0O0OBATBHCS JIMIIL BEPIIMHON aiicOep-
ra — ¢yHkuMeil SetLongevity.

CUHIJITOHBI C 3aJaHHON MPOMOJIKUTENbHOCTbIO XU3HU MOTYT MCMHOJb30BaTh (DYHKLUIO
SetLongevity cieayoummM oopa3oMm.

class Log

public:
static void Create()
{
// Co3paeMm 3K3emnnsp
pInstance_ = new Log;
// 3TN CTpOKu AobaBseHbl
SetLongevity( pinstance_, Tlongevity_);
}
// OCTanbHas 4acTb peanusauuMy nponyieHa.
// ®yHKuuAa Log::Instance onpeaensieTca, Kak U npexje.

private:
// OonpeaensieM QUKCMPOBAHHYK MPOAONKXUTENbHOCTb XU3HU
static const unsigned int longevity_ = 2;

static Log* pInstance_;
;

Ecnu peanuzoBarh kiaccsl Keyboard u Display, cienysi omMcaHHOMY BbIlIE€ TOIXOMY,
HO 3aJaTh MPOAOJIKUTENbHOCTb XU3HU UX OOBEKTOB paBHON 1, TO OOBEKT Kiacca Log UX
00s13aTesibHO TiepexuBeT. Peiaer qu ato npobiemy KDL? UTto ecnu npuyioxkeHWe MCMHOJb-
3yeT HECKOJIbKO MOTOKORB?

6.9. MpoAoMKUTENIbHOCTb XXU3HN 00bEKTOB
B MHOIronoTo4yHoOM cpepe

CUHIJITOHBI JOJDKHBI pa60TaTI) 1 C IOTOKaMM TOXE. ,Z[OHyCTI/IM, Hale IpUIOXKEHUE TOJBKO
4YTO HavyaJlo pa60Ty, 1 IBa MOTOKa MMEIOT AOCTYIT K MPUBCACHHOMY HM2KE CUHIJITOHY.

Singleton& Singleton::Instance()
{
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if(!pInstance) // 1
{

pInstance_ = new Singleton; // 2

}

return *pInstance_; // 3

}

IlepBblii MOTOK BXOAWUT B (PYHKUMIO Instance M MpoBepsieT ycioBue omeparopa if. Ilo-
CKOJIbKY TOTOK BXOAMT B (DyHKILIMIO BIEpBbIe, 3HAYEHUE MepeMEeHHOI pInstance_ paBHoO 0.
B Takom ciryyae MOTOK YINpaBlIeHUS] TOCTUTAET CTPOKM C KOMMEHTapueM //2 W TOTOBUTCS
BbI3BaTh orneparop new. [[1aHUPOBIIMK 3amaHUil ONMEPALIMOHHONW CHUCTEMbl MOXET TpPEpPBaTh
MEPBbI MOTOK B 3TOW TOUKE W TMEpeiaTh YNpaBIeHUE IPYTOMY MOTOKY.

Bropoii motok BbI3bIBaeT (yHKIMIO Singleton::Instance() W OOHAPYXWBAET, UTO
3HAYEHUE MEePEeMEHHON pInstance_ TakKXe pPaBHO HYJIIO, MOCKOJIbKY MEPBbIM MOTOK €€ €lle
He wMeHs1. o cux TMop TepBbIi TOTOK TOJIBKO #poéepss 3HAUEHUE TepeMeHHOUN
pInstance_. Tenepb BTOPOil MOTOK BBI3BIBAET OIMEPATOpP new, MPUCBAMBAET MEPEMEHHON
pInstance_ HEKUi aapec U MOKUAAeT (PYyHKIIUIO.

K HecuacTblo, MepBblii TOTOK CHOBA MPUXOIUT B CO3HAHUE, BCIOMUHAET, YTO OCTAJIOCh BbI-
TMOJIHUTD JIMILIb CTPOKY C KOMMEHTapveM //2, U3MEHSIET 3HaYeHHe TMepeMeHHOM pInstance_ u
BbIXOOUT U3 (pyHKMuU. Korma mbuib pacceuBaeTcsl, OKa3bIBaeTCsl, YTO BMECTO OJHOT0 OObeKTa
Kkyacca Singleton co3maHbl Ba, MPUYEM OAWH M3 HUX OYEBMAHO JIMIIHUIA. B Kaxmaom moTtoke
XpaHUTCS 10 OJHOMY OOBEKTY Kiacca Singleton, M mpuiioxeHue norpyxaercss B xaoc. M 3to
TOJIbKO OJTHA U3 BO3MOXHBIX CUTyaluii! A 4To Oy/eT, €C/iM K CUHIJITOHY UMEIOT JOCTYI HECKOJIb-
ko notokoB? (IIpencraBbTe cebe mpoliecc OTIAAKU TAKOM MporpamMmbl!)

OmnbITHBIE TIPOTPAMMUCTBI, pa3pabaThIBalOIIME MHOTOIMOTOYHbIE MPWIOXEHUS, Yy3HAIOT
3/1ech Kiaccuueckoe coctsizaHue (race condition). CienyeT ObITb TOTOBBIM K TOMY, UTO 111a0-
JIOH TIpoeKTupoBaHUsl Singleton croikHeTcsl ¢ nmorokamu. CUHIJATOH OTHOCUTCS K TJIO-
OaJIbHBIM pecypcaM COBMECTHOTO MCITOJIb30BAaHUSI U JIOKEH y4acTBOBAaThb B COCTSI3aHUU C
JIIPYTUMU 00bEeKTaMM, peliiasi podeMbl HECKOIbKUX TTOTOKOB.

6.9.1. LLa6s10H 6510KNPOBKMN C [BOKHHON NMPOBePKOk

BcectopoHHee 06cykaeHre MHOTOIOTOYHBIX CUHIJITOHOB BIIEpBbIe ObUIO MpoBeneHo Jlyria-
com IlImunrom (Douglas Schmidt, 1996). B 3Toif e cTaThe OBUIO OMMCAHO OYCHH OCTPOYMHOE
peliieHre, Ha3BaHHOe 111a0jJoHOM Double-Checked Locking (6710KkupoBKa ¢ IBOMHOM TIPOBEp-
Koii), npemioxeHHoe Jyrimacom IlIMuarom n Tumom XappucoHoM (Tim Harrison).

O4YeBUAHOE pEllIeHNE CYIIECTBYET, HO BBITJISIUT HEMTPUBJICKATEIBHO.

Singleton& Singleton::Instance()

// mutex_ — 0b6beKT MblTekca.

// MblOTeKCOM ynpaBnseT 0b6bekT knacca Lock
Lock guard(mutex_);

if (!pInstance_)

{

}

return *pInstance_;

pInstance_ = new Singleton;

}

Knace Lock — 210 Kiaccuyeckuii 00pabOTYMK MbIOTEKCOB (JeTaau OMMCaHbI B MPUIIOXKE-
Huu). KoHcTpykTop Kiacca Lock 3axBaTbIBaeT MBIOTEKC, a JECTPYKTOP OCBOOOXIAET €ro.
IToka mbloTeKC mutex_ 3axBaueH, APYTrMe TMOTOKHU, TBITAIOIIMECS 3aBJIaAeTh WM, OXUAAIOT
CBOEH oyepenu.
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DTO 0CBOOOXAAET HAC OT COCTS3aHUs: MOKa TMOTOK TMPUCBOEH O00BEKTYy pInstance_, oc-
TaJIbHbIE OCTAHABJIMBAIOTCS B KOHCTpYKTOpe guard. Korma mpyroit moTok IbITaeTcsl 3aXBaTUTh
OJIOKMPOBKY, OH OOHApy>XMBaeT yXe MPOMHUIIMAIU3MPOBAHHYIO TIEpEeMEHHYI0 pInstance_, u
BCE MPOXOIUT TJIAIKO.

OpHako MpaBUJILHOE pEllIeHWEe He BCeraa oKa3bIBaeTcs rnpuemsieMbiM. HeymobcTtBo 3a-
KJIIo4aeTcsl B HemoctaTke 3dekTuBHOCTU. Kaxaplii BRI30B (DyHKLIMU-4ieHa Instance Bie-
YyeT 3a Co0Ol OJOKMPOBKY M OCBOOOXIEHHE OOBEKTa CMHXPOHU3AIIMU, XOTS COCTSI3aHUE 3a
pecypchl BO3HMKAeT, 0o0pa3HO TOBOps, OAMH pa3 B XM3HW. DTHU onepalydy OObIYHO OYEHbB
3aTpaTHBL. MIX CTOMMOCTh HAMHOT'O IPEBBIIIACT CTOMMOCTD BBIIIOJIHEHUSI IIPOCTOI IIPOBEPKU
if(!pInstance). (B coBpeMeHHBIX cHUCTeMaX BpeMsl, 3aTpauyMBaeMoe Ha MPOBEPKY U BETB-
JIeHue, OObIYHO OTIMYAeTCS OT BPEMEHM, YXOASIIEro Ha OJIOKMPOBKY KPUTHMUYECKUX pasfe-
JIOB, HA HECKOJIBKO TTOPSIAKOB. )

st Toro 4ToOBI M30eXaTh JOITOJTHUTEIBHBIX 3aTpaT, MOXHO OBLIO OBl IPEIIOXUTH ClIe-
Nytolliee pelIeHUeE.

Singleton& Singleton::Instance()
if (!pInstance_)

Lock guard(mutex_);
pInstance_ = new Singleton;

}

return *pInstance_;

}

Tenepb OMOMHUTENBHBIX 3aTpaT HET, OJHAKO OCTAJIOCh COCTsI3aHUE 3a pecypchl. [lepBblit mo-
TOK MPOXOAMT MPOBEPKY if, OMHAKO MPsSIMO Mepe/ BXOAOM B CMHXPOHU3MPOBAHHYIO YacTh Kona
TJTAHUPOBIIVK 3alaHWiA OMEPAllMOHHONW CUCTEMBI TIPEPHIBAET €ro U TepeiacT YIpaBIeHUe ApYy-
roMy MoToKy. BTopoii MoToK Takxke MpOXOaUT MpoBepky if (M, ecTecTBEHHO, OOHAPYKUBAET HY-
JIEBOI yKazarelib), BXOAUT B CUHXPOHU3MPOBAHHYIO YacTh Koja 1 BeIMoHseT ee. [locye mosTop-
HOM aKTMBU3alMU TEPBbIA MOTOK TaKXe€ BXOAUT B CMHXPOHWU3MPOBAHHYIO YacTb, HO CIIMLIKOM
MO3IHO — CHOBA CO3IatoTcs 1Ba 00beKTa kiiacca Singleton.

Kaxercsi, yTo 3Ta rojloBOJIOMKAa HE MMEET PEIIeHMSI, HO OKa3bIBAETCSI, YTO CYIIECTBYET
OYeHb MpOCTOe M djeraHTHoe peuieHue. OHO HasbiBaeTcs 1adjoHOM Double-Checked
Locking (Oi0KMpoOBKa C ABOWHOI MPOBEPKOIA).

Mnes npocta: mposepsieM YCIOBUE, BXOAUM B CUHXPOHU3UPOBAHHBINA KO, a 3aTeM Mpo-
BepsieM 3TO YCJIOBME CHOBA. YKaszaTeslb OKa3bIBaeTCs JMOO yxK€ MPOMHUIIUATU3UPOBAHHBIM,
Jn60 HyJeBbIM. Hrxe npuBeneH Kox, MO3BOJSIIOIUMI pa3o0paTbesl U OLEHUTb TPEUMYILECT-
Ba 111a6JJ0Ha OJOKMPOBKM C JBOWHON MpOBepKoi. B HeM HeiicTBUTENbHO TPOSIBISIETCST Kpa-
cOoTa MpPOrpaMMUPOBAHUS.

Singleton& Singleton::Instance()

{
if (!pInstance) // 1
{ // 2
Guard myGuard(mutex_); // 3
if (!pInstance_) // 4
{
pInstance_ = new Singleton;
}
}
return *pInstance_;
1

Mnasa 6. Peannsauus wabnoHa Singleton 169



[ormycTuM, 4TO MOTOK YIpaBJIeHUs] BXOAUT B 30HY HeolpeaeneHHocTu (cTpoka 2). B aty
TOYKY MOIYT BOWTM Cpady HECKOJbKO MOTOKOB. OJHAKO B CHHXPOHU3WPOBAHHBINA pazies
BXOJIMT TOJILKO OIWH TOTOK. B cTpoke 3 HeomnpemeneHHOCTH BOOOIIE HET. 31ech BCe SICHO:
yKazaresib JU0O0 MOJHOCTbIO MPOUHULIMAIM3UPOBAH, JIMOO HE MPOMHMIMAIU3UPOBAH BOOO-
me. IlepBbIii MOTOK, KOTOPBIN BXOAUT B 3TOT pa3iesl, MHUIMAIU3UPYET TTEPEMEHHYIO, a BCe
OCTaJIbHbIE HE MPOMIYT MPOBEPKU HA CTPOKE 4 M HUYETO HE CO3AAIYT.

IMepBas npoBepka ObicTpast u rpybas. Ecniu o0bekT Kiacca Singleton noCTyreH, Bbl €T0
nonyyaete. Eciu HeT, HeoOXoauMMbl NajbHeMlMe ucciaeqoBaHus. Bropasi mpoBepka Men-
JIeHHa ¥ TOYHA: OHa COOOINAeT, AEWCTBUTEIBHO JIM MPOMHUIIMAIM3UPOBAH CUHTJTOH, WU
9TO JOJIKEH cliesiaTh MOTOK. B aTOM M 3akitoyaeTcsl cyTb OJOKUPOBKU C JBOMHON MpoOBEp-
Koii. Terepb MBI TIOJTy4aeM OGOJIBIIIOE TTPEUMYILECTBO: CKOPOCTh IOCTYIA K CUHTJITOHY BBICO-
Ka HacTOJIbKO, HACKOJbKO IO3BOJISIET caM 00bekT. OAHAKo BO BpeMsl CO3MaHUsI OObeKTa
Kyacca Singleton coctsizaHue Oobllle He Bo3HMKaeT. M Bce xke...

[TporpamMMucThl, UMeIOIIKE OYeHb OOJBIION OMBIT PabOThl ¢ MOTOKAMM, 3HAIOT, YTO Ja-
JKe 1a0JIOH GIOKMPOBKU C MBOMHOI MPOBEPKOM, MpaBWJIbHBIM Ha Gymare, He BCeTaa XOpo-
1o paboTaeT Ha MpakThke. B HEKOTOPBIX CUMMETPUYHBIX MYJBTUIIPOLIECCOPHBIX CUCTEMAax
(c Tak Ha3BpIBaEMOM peJaKCUPOBAHHOI MOIENbI0 MaMsATH) MOPHUU WHOOPMAIIUK 3arpyxka-
I0TCSl B NaMsATh OJHOBPEMEHHO, a He MOCAea0BaTebHO. OTU TOPLMU 3alKMChIBAIOTCS IO
BO3pAcTaHUIO aJipecoB, a HE B XPOHOJOTUYECKOM Topsinke. M3-3a Takoro criocoba yrmopsimo-
YeHUs 3aruceil MmamsiTh, MpocMaTpuBaeMmasi OJHUM MPOLECCOPOM, MOXET BBITJISIACTb Tak,
OyITO MOPSIAOK OTepalvii, BHITTOJIHEHHBIX APYTUM TPOIIECCOPOM, OBLT HelpaBUIbHBIM. Ha-
NpuMep, NMpUCBaUBaHME 3HAUEHMSI MEPEMEHHOIl pInstance_ MOXET BBIMOJHSTHCS A0 3a-
BepIlIeHUs TOJIHOW WHUIMAIM3alnu oObeKTa Kimacca Singleton! Takum o6Gpa3om, YBHI,
1abJ0H 6JIOKMPOBKM € IBOMHOM MPOBEPKOI OKa3ascsl HEMPUTOAHBIM JJISI TAKUX CHUCTEM.

B 3aximouyeHue cieayer 3aMeTWTh, UTO Tepen peanu3aiueit 1madmoHa Double-Checked
Locking HyXXHO POCMOTpeTh AOKYyMeHTaluo Kommnwisitopa. (Toraa ero MoxkHO Ha3BaTh 11a0-
JjoHoM Triple-Checked Locking (6;10kupoBKa ¢ Tpems rposepkamu).) OObBIYHO OrepalioH-
Hasl cucTeMa MpPelOCTaB/sIeT albTepHATMBHBIE, MAIIMHHO-3aBUCUMBbIE CPEICTBA pEIeHHUsT Mpo-
6JIeMBI TTapaJuTeNu3Ma, HarpruMep, 6apbephl, YITOPSIOUMBAIOIIME TOCTYIT K MaMATh (memory bar-
riers). 1o kpaiiHeii Mepe, TOCTaBbTe Tepes MepeMeHHol pInstance_ crneuudukarop volatile.
Xopoluii KOMITWJISITOP TOJKeH TeHepUpOBaTh MPaBUJIBHBIN KOl BOKPYT TAKMX OOBEKTOB.

6.10. Coopka

B 3T0i1 rmaBe oOcyxkmaroTcsl pa3Hble peanu3aluu Kiacca Singleton, BBISIBISIOTCS MX
OTHOCUTEJIbHBIE TIpeuMYylIecTBa U HejocTaTku. He cienyeT aymaTh, 4TO B pe3yjbTaTe Mbl
CMOXEM TMPUUTHU K YHUBEPCATbHOMY PEIIEHUIO, TTOCKOJIbKY KaXasi 3amada MpeabsBIseT K
peanM3annu Kiacca Singleton cBou TpeboBaHMSI.

[a6nonHbIii kMace SingletonHolder, onpeneneHHbiii B 6ubauoreke Loki, mpencrapnsier
c000i1 KOHTEeHEp IUISl CUHIJITOHOB, MO3BOJISIIOIIMI MPUMEHUTh 1AOIOH MPOEKTUPOBAHUS
Ssingleton. Crieays mabjaoHy MpPOEKTUPOBAHUSI, OCHOBAHHOMY Ha TPUMEHEHUU CTPATeruit
(rnaBa 1), kiacc SingletonHolder pa3paboTaH KakK CIELMaJM3MPOBaHHBIA KOHTEHHEp IS
00BEKTOB Kjacca Singleton, ompeneneHHOro mojib3oBaresnieM. [Ipu Mcnonab3oBaHUM Kiacca
SingletonHolder mporpaMMHCT TOJIy4aeT Bce HeOOXOmMMble (DYHKIIMOHATbHBIE BO3MOXHO-
CTH M MOXET CO371aBaTh CBOM COOCTBEHHBIN Koia. B KpaliHem ciiyyae mpuieTcst Bce repenesarb
3aHOBO (ITO3TOMY 3TOT CJIyyail M Ha3bIBAIOT KpallHUM).

B 3710i1 rmaBe paccMOTPEHO HECKOJIBKO TeM, TIPAKTUYeCKM He CBSI3aHHBIX ApyT ¢ apyrom. Kak
Ke Ternepb pealn3oBaTh kiacce Singleton, He pasmyBasi pamep nporpammbl? JIisi 3TOro Hy»KHO
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THIATEJIbHO Pa3JIOXWTh 11abJoH Singleton Ha crparermu, Kak rokasaHo B miase 1. Paznoxus
kiacc SingletonHolder Ha HECKOJBKO CTpaTeruii, MOXHO peajM30BaThb 6ce BApUAHTHI, pac-
CMOTpPEHHBIE BHIIIIE, C TTOMOIIBIO KOIa, COCTOSIILIETO M3 HEOOJBIIIOrO KOMMYeCTBa CTpoK. Mcmoms-
3ysl KOHKPETU3alMIO I11a0JIOHOB, MOXHO OTOOpaTh KeJlaTeJbHbIE CBOMCTBA M IIpeHeOpeub He-
HY>KHBIMH. DTO OYCHb BAXXHO: peam3anus Kiacca Singleton He yHMBepcaibHa. MCIonb3yiorcs
JIMILb Te CBOMCTBA, KOTOPhIE B UTOre OyIyT BKIIOYEHBI B CreHEpMpOBaHHbBINM Koa. Kpome Toro,
peaM3alns OCTABJISIET BO3MOKHOCTH IS U3BMEHEHUS U PACIIPSHUIA.

6.10. 1. PasnoxeHune knacca SingletonHolder Ha ctpaTternn

Haunem c BEImeneHMsT CTpaTeI‘I/Iﬁ U3 OIMMCAHHOM BBHILIE pajin3alunu. B Heit mMoxHO
I/IZ[GHTI/I(l)I/IHI/IpOBaTB BOIIPOCHI, CBA3aHHBLIC C CO3AaHUEM O6’LCKTa, €ro IpPoaAO0KUTECIbHOCTBIO
XKU3HU U MOTOKaMH. DTO Tpnu HanboJjiee BaXXHBIX MOMEHTA B pa3pa60TKe CHHTIITOHOB. Pac-
CMOTPUM COOTBETCTBYIOILIUEC CTPATCIUU.

1. Crparerusi Creation. CMHIJITOH MOXHO CO3JaTh pa3HbIMU criocobamu. OObIYHO ISt
co3naHus o0bekTa cTpareruss Creation McrnoJib3yeT onepaTop new. BoineneHue mpo-
1ecca cozgaHusi oObeKTa B BUJE OTHEIbHON CTpATerMu CYIIECTBEHHO, MOCKOJbKY 3TO
MO3BOJISIET CO3aBaTh MOJUMOPGHbIE OOBEKTHI.

2. Crparerusi Lifetime. Pasnuuatorcs cienymolide CTpaTerud IPOJOJDKUTEIbHOCTH
KM3HU OOBEKTOB.

2.1. IpaBuna si3pika C++ — mocyieAHUM CO3/1aH, TTePBbIM YHUUYTOXEH.

2.2. MeHMKC.

2.3. CUMHINITOH ¢ 33IaHHOM MPOAOIKUTEIBHOCTBIO JKU3HM.

2.4. beccMepTHBIN CUHTATOH (O0BEKT, KOTOPBIIA HUKOT/AA HE YHUUYTOXAETCS ).

3. Crparerusi ThreadingModel. CUHIJITOH MOXeT pabOTaTh B PEXMME OJHOIO TMOTOKA,
B CTAHJAApPTHOM MHOTOIOTOYHOM PEXHME (C MbIOTeKCaMU U OJOKUPOBKOM C JBOMHOM
MPOBEPKOIT) MM MCTOJb30BaTh TIAT(OPMHO-3aBUCUMYIO TTOTOKOBYIO MOJIE/b.

Bce paim3allMu KJjiacca Si ng'l eton JOOJLKHBI rapaHTUPOBAaTb YHWKaJIbHOCTb 00BeKTa.
9T0 YCJIOBUE HE ABJIACTCA CTpaTerHeﬁ, ITOCKOJIbKY €TI0 HEBBLIIIOJHCHHNWEC HApylIacT OIIPCAcC/IC-
HUEC CUHIJITOHA.

6.10.2. TpeboBaHus, NnpeabsBsIeMble K cTpaTternsam knacca SingletonHolder

OrnpeneauM HeoOXOAMMbIE OTpaHWYEeHHsI, HaKJaablBaeMble KjaccoM SingletonHolder
Ha CBOM CTpaTEeTruu.

Crpaterust Creation Io/DKHA CO3[aBaTh U YHUUTOXATb OOBEKThI, CIeI0BATEIbHO, OHA JOIK-
Ha CofiepXXaTh JIBE COOTBETCTByMolMEe (hyHKIMU. Takum oOpa3om, eciv Kinace Creator<T> cO-
IJ1acoBaH co cTparerveii Creation, OH JIOJDKEH CONEPKaTh BbI3OBbI CACAYIOUIUX (DYHKIIMA.

T* pObj = Creator<T>::Create();

Creator<T>::Destroy(pobj);
OOpaTtnTe BHUMaHUE Ha TO, YTO (PyHKUIMM Create M Destroy AOKHBI ObITh CTaTUYECKUMU
yjleHaMu Kiacca Creator. Kiacc Singleton He conepXWUT OObEKT, UMEIOLIMI TUll Creator, —
3TO HE MO3BOJIWIIO ObI PEIUThL MPOOIEMBI, CBI3aHHBIE C €T0 MPOAOKUTEBHOCTBIO XKU3HU.

Crparerus Lifetime, mo cyiiecTBy, A0/KHA IUIAHUPOBATh pa3pyllieHWe 00beKTa Kiacca
Singleton, co3maHHoro ctpaterveit Creation. MyHKIMOHAIbHBIE BO3MOXHOCTU CTpaTe-
run Lifetime BbipaxaloTcsi B ee CIIOCOOHOCTM pa3pyliaTh OOBEKT Kilacca Singleton B 3a-
JNAaHHBIII MOMEHT BpeMeHM. Kpome Toro, crparerusi Lifetime pemraer, kakue AeicTBUS
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cIIeayeT MPeaNnpUHATh, eClI MPWJIOXEHUEe HapyllaeT mpaBwia s3sika C++, ompenessionine
MPOIOJIKUTEbHOCTD KU3HU CUHIJITOHA.

e Eciu CUHIITOH HYXHO YHUYTOXWTb, cClieaysl TpaBuiaMm s3bika C++, cTpaterus
Lifetime nmpumeHseT MeXaHU3M, aHAJIOTUYHBIN (yHKIUU atexit.

e Jlma ¢enmkca crparerust Lifetime mpomoinkaeT MCHONB30BaTh MEXaHU3M, aHAJIO-
TMYHBINA QYHKIIMK atexit, HO JOMYCKAeT BOCCTAHOBJICHUE CHHIJITOHA.

e JIns1 CUHTAITOHA C 3aJlaHHOM MPOAOJIKUTEIbHOCTbIO XU3HU cTparerusi Lifetime BbI-
3bIBaeT (YHKIIMIO SetlLongevity, onmrMcaHHylo B pasnenax 6.7 u 6.8.

e [Ipu HeorpaHWYEHHON MPOMOJIKUTEIBHOCTU XU3HU CUHTATOHA crparterus Lifetime
He MpeaNnpUHUMAaeT HUKAaKWX NeHCTBUIA.

B 3akioueHue orMeTuM, uto ctparerus Lifetime comepxuT ne ¢pyHKuuu: Schedule-
Destruction, 3alalNIyl0 BpeMs YHUYTOXEHUS 00bekTa, U OnDeadReference, perjaMeH-
TUPYIOLIYIO TIOBEIEHUE MPOrpaMMbl TPU OOHAPYKEHUU BUCSYEI CCHUIKHU.

IMpennonoxum, yto crparerus Lifetime peamusyercs kimaccom Lifetime<T>. Torma
MMEIOT CMBICJI CJIELYIOLLHE BbIPAXEHUSI.

void (*pDestructionFunction)();

Lifetime<T>::ScheduleDestruction(pbDestructionFunction);

Lifetime<T>: :0nDeadReference();

®ynknusg-wieH ScheduleDestruction monyyaeT ykaszareidb Ha (YHKIMIO, YHUYTO-
Karolylo 00beKT. TakuM obpa3om, crparervio Lifetime MOXHO MCMONb30BaTh BMECTE CO
crparterveil Creation. He 3a0wiBaiiTe, uto ctparerusi Lifetime He cBsizaHa ¢ Meromamu
YHUAUYTOXEHUST OOBEKTOB, KOTOPbIE OTHOCATCS K cTpareruu Creation. EnvHcTBeHHOE mNpen-
Ha3zHaueHue ctpareruu Lifetime — ompenensitb, koeda OOBEKT AOMKEH ObITb YHUUTOXKEH.

®ynkimsa onDeadReference TeHepupyeT MCKIIOYUTEIbHBIE CUTyalldM BCeTAa, 3a MC-
KJIIOUEHMEeM CUTYyallMil, B KOTOPBIX 3a7eiicTBOBaH (eHUKC. B mocienHeM ciayuyae crpaTerusi
He TpeaycCMaTprUBAeT HUKAKUX NEHCTBUIA.

Crparerust ThreadingModel onucana B mpuioxeHuu. Kinacc SingletonHolder mon-
JepXkuBaeT OJOKMPOBKY TOJIBLKO HAa YPOBHE KJIACCOB, HO HE Ha ypoBHE 00BbeKTOB. [lo 3TOit
MPUYKHE B JIIOOO MOMEHT BPEMEHM CYILIECTBYET JIMILIb OAUH CUHIJITOH.

6.10.3. Coopka knacca SingletonHolder

Haunem onpeneneHuve madioHHOro kiuacca SingletonHolder. Kak ykasbiBajoch B Ijase 1,
IUTS KaKIIOM CTpaTerny npeHa3HaueH OTIeIbHBIN 11a0IoHHbIN mapamerp. Kpome Toro, Mbl ripe-
JlyCMOTPYM 1IAOJIOHHBINA MapaMeTp T, ONpenessiolvii pa3HOBUAHOCTh CUHIITOHA. LIlaGnoHHbII
kinacc SingletonHolder cam mo ceGe He orpenensieT CMHIITOH. OH JIMIIb 3a/IaeT ero MoBe/e-
HME U CrOcOObI YITPABICHUSI UM C TTIOMOLIBIO YX€ CYLIECTBYIOILIEro Kiacca Singleton.

template

<

class T,

template <class> class CreationPolicy = CreateUsingNew,
template <class> class LifetimePolicy = DefaultLifetime,
template <class> class ThreadingModel SingleThreaded

>
class SingletonHolder

{
public:
static T& Instance();
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private:
// BcnomoraTesibHble (GYHKLUK
static void DestroySingleton();
// 3aumuTa
SingletonHolder();

// lIaHHble

typeqlef Threadi ngMo<'je1<T>: :volatileType InstanceType;
static InstanceType* pInstance_;

static bool destroyed_;

};

Bonpeku oxupaHusM, TepeMeHHas 5K3eMIUIsIpa He OTHOcUTcd K tumy T*. Ha ca-
MOM JeJjie oHa uMmeeT TUll ThreadingModel<T>::volatileType*. Tunm Threading-
Model<T>::volatileType pacimpsieT TMII T WIM TUO volatile T B 3aBUCHMOCTU OT
(hakTuecku mpumeHsieMoir monenu 1moTokoB. Cnenudukarop volatile mpumeHsieTcsi K
TAMAM [IJI TOro, YTOObI COOOUIUTh KOMMIMUJISATOPY, YTO 3HAYEHUE NAHHOTO TUIIA MOXET M3-
MEHSTHCSI HECKOJIBKMMU TTOTOKAMU. 3Has 3TO, KOMIUJISITOP HE CTaHET BBITIOJHSITh HEKOTO-
pble BHIbl ONTUMM3ALMKU (HAapuUMep, 3aMuchb 3HAUYEHWN BO BHYTPEHHUE PErUCTPhbI), IMO-
CKOJIbKY 3TO MOXET TpPHUBECTM K OIIMOOYHOI paboTe MOTOKOB. B 1ensx Oe3ornacHOCTH
MOXHO ObLJIO Obl OOBSIBUTH NMEPEMEHHYI0 pInstance_ ¢ TUIIOM volatile T*. Brto cpabora-
€T MPU UCTOJIb30BAHUU MHOTOITOTOKOBOTO Kofa (3TOT (hakT CleAyeT NMpeABapUTEIbHO MpPO-
BEPUTH MO TOKYMEHTAlUKM), HO OECIOJIe3HO B TPOrpaMMe C OTHUM MOTOKOM.

C npyroit CTOpOHbI, B MOJIEJIM C OAHUM TIOTOKOM CJIEyeT CTPEMUThCS K ONTHMU3ALUU
MPOrpaMMbl, TaK YTO TUI T* ObLI OBl JUIs1 IEPEMEHHOU pInstance_ HaWJIY4YLIMM BbIOOPOM.
ITo aToii mpuunHe TUI ISl TIepeMEeHHOM pInstance_ BoiOMpaeTcs crpaterueit Threading-
Model. Eciu aTa cTparerus sIBIsIETCSI ODHONOTOYHOM, onpeaensercsa Tun VolatileType.

template <class T> class SingleThreaded

{
public:
typedef T volatileType;
)
MHorormnoTouHast CTpaTerust CBsI3biBaja Obl mapaMeTp T ¢ TUIoM volatile. [leTtaau MHOro-
MOTOYHBIX MOJIeJIeii OMMCAaHbI B IPUJIOXKECHUMU.
OnpenenuM Tenepb (PyHKLUIO-WIeH Instance, B KOTOPOi 0OObEAUHSIOTCS BCE TPU CTPATETUM.

template <...>
T& SingletonHolder<...>::Instance()

if (!pInstance_)

typename ThreadingModel<T>::Lock guard;
if (!pInstance_)

if (destroyed_)

{
LifetimePolicy<T>::0nDeadReference();
destroyed_ = false;

pInstance_ = CreationPolicy<T>::Create();
LifetimePolicy<T>::ScheduleDestruction(&estroySingleton);

}
}

return *pInstance_;
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®yHKIMA Instance sSBISIETCS €AMHCTBEHHBIM OTKPBLITBIM WIEHOM Kiacca Singleton-
Holder. OHa mpeacTaBisieT co0oii 000JI0UKY KiaccoB CreationPolicy, LifetimePolicy u
ThreadingModel. Knacc ThreadingModel<T> comepxXuT BHyTpeHHUIT Kiacc Lock. Ha mpo-
TSDKEHUM KU3HM O0beKTa Kiacca Lock BCe OPYrve MOTOKH, NBITAIOLIMECS CO3AaTh OOBEKT
3TOrO TUIA, O1oKUpytoTCs. (JleTanu onucaHbl B PUIOXKEHUN. )

®DyHk1usa DestroySingleton mpocTo pa3pyliaeT o0beKT Kiacca Singleton, ouuinaer
3aHSTYIO TIaMsITh U MPUCBaMBaeT nepeMeHHol destroyed_ 3HaueHue true. Knacc Single-
tonHolder HuKoOrma He BbI3bIBaeT (YHKIIMIO DestroySingleton, a Jullub MepenaeT ee aja-
pec dyHkuuu-uneHy LifetimePolicy<T>::ScheduleDestruction.

template <...>
void SingletonHolder<...>::DestroySingleton()

{
assert(!destroyed_);
CreationPolicy<T>::Destroy(pInstance_);
pInstance_ = 0;
destroyed_ = true;

}

Knacc singletonHolder mepemaer mepeMeHHyl0 pInstance_ U aapec (QyHKUUU De-
stroySingleton kmaccy LifetimePolicy<T>, npeaocrapissi eMmy MHGOPMALMIO O TOBE-
JNIEHUU OObeKTa: MOAYMHSIETCS OH MpaBujaMm sizbika C++ unu sBisercs (GeHUKCoM, UMeeT
3aIaHHYI0 MPOJOJIKUTEIbHOCTD XU3HU UM OECCMEPTEH.

1. Ilpasuna C++. ®ynkumsi LifetimePolicy<T>::ScheduleDestruction BbI3bIBAET
dbyHkuMio atexit, mepenasast et ampec GyHKIMM DestroySingleton. OyHKIUS On-
DeadReference reHepupyeT MCKIIOUUTENbHYIO CUTyaluIo std: :Togic_error.

2. @enuxc. CoBragaeT ¢ MpeAbIAyIleil cTpaTerueii, ToabkKo GyHKUMs OnDeadReference
He TeHepUpYyeT UCKIIOUNTENIbHYIO cuTyaluio. [ToTok ympaBieHusT Kiacca Singleton-
Holder TIpomo/zKaeT BBHITTOJHEHHWE MPOTPaMMBI M BOCCO3IaeT OOBEKT BHOBb.

3. Cuneamon ¢ 3adanHoU npodoaxcumenvHocmoro dcusznu. DyHkuust LifetimePo-
Ticy<T>::ScheduleDestruction BbI3bIBaET (PYyHKIIUIO
SetLongevity(getLongevity(pInstance)).

4. Beccmepmmuutii cuneamorn. Oynkuust LifetimePolicy<T>::ScheduleDestruction He
BBIMOJIHSAET HUKAKUX JCUCTBUIA.

Kracc singletonHolder pelraer nmpobyieMy BUCSYE CChIIKM B COOTBETCTBUM CO CTpaTeruei
LifetimePolicy. OHa oueHb mpocta: eciv (yHKiIMsT SinlgetonHolder: :Instance oGHapy-
>KMBaeT BUCSYYIO CCHUIKY, OHa BbI3bIBaeT (yHKIMIO LifetimePolicy: :0nDeadReference. Ec-
Jm ¢yHKuMs OonDeadReference Bo3BpaillaeT ynpasieHue, (pyHKIMS Instance BOCCO3MAET HO-
BbIit aKk3eMIUIsIp. B 3akmoueHne (yHkims onDeadReference NOMKHA CreHEPUPOBATh UCKITIOUM-
TEJIbHYIO CUTYallul0 WM TIPEKPATUTh BBITIOJIHEHWE TIPOrPaMMBbl, €CJIM CUHIJITOH HE SIBISIETCS
(eHnKCOM.

Bot u Bcs peanmszaius kinacca SingletonHolder. Pazymeercs, Tenepb OCHOBHasl 4acTh
paboThl MepeKIanbIBAeTCsl HA TPU CTPATErnHu.

6.10.4. Peanunsauuu ctpaterni

PaznoxuTh Kjlacc Ha CTpaTervu TPyOHO, 3aTO NOTOM MX JIETKO PEaM30BbIBaTh. PaccMoTpum
KJIaCChl, PEAIM3YIOIIME CTpaTervd [Uisl PacrpOCTPAHEHHBIX Pa3HOBUIHOCTEH CUHIJITOHOB.
B TabGn. 6.1 mpuBeneHbl KiIacchl CTpaTeruii mjis Kiacca SingletonHolder. Kiacchl crpaTerwii,
BbIJIEJIEHHbIE KYPCUBOM, SIBJISIFOTCS 111a0JIOHHBIMU TTapaMeTpamMu, 3a71aBaeMbIMU TI0 YMOJTYaHUIO.
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Tabnuua 6.1. CtpaTterun knacca SingletonHolder

Crparerus IIIa0noHHBI Kiacce KommenTapun

Creation CreateUsingNew Cosmaer 0OBEKT C TTOMOIIBIO OTIEPaTOpa New 1
KOHCTPYKTOPa M0 YMOJTYaHUIO

CreateusingMalloc Co3zaeT 06BEKT C MOMOILBIO (DYHKLIUK
std: :malTloc 1 KOHCTpyKTOpa MO YMOJTYAHUIO

CreateStatic Co3paeT 0ObEKT B CTATUUECKON MaMITH

Lifetime DefaultLifeTime VYrpaBisieT MpOLOKUTEIbHOCTBIO KIU3HU
0GBEKTa B COOTBETCTBUM C IIPABIIIAMU SI3bIKA
C++. JInist BHIOJTHEHWS 3aNaHMsT BBI3BIBACT
dyukmio atexit

Phoenixsingleton BHIMOMHSIET TO X€ CaMOe, UTO U KJ1ace
DefaultLifetime, HO momyckaeT
BOCcO3/IaHue 00beKTa Kinacca Singleton

SingletonwithLongevity  3amaeT mpodoO/KUTENBHOCTb XU3HU OOBEKTA
ximacca Singleton. [Ipenmonaraercs, 9to B
MPOCTPAHCTBE UMEH CYLIECTBYET (DYHKIIMS
GetLongevity, KoTopasi, Oyay4n BBI3BaHHOIM
¢ mapameTpoMm pInstance_, Bo3Bpalaer
MPOAOJIKUTEIBHOCT KU3HU CUHIJITOHA

NoDestroy He normyckaeT yHMYTOXEHHS 00BEKTa Kilacca
Ssingleton
Threading- SingleThreaded JleTanu onucaHbl B TIPUIOXEHNUN

Model
ClassLevelLockable

OcTanoch TOJIBKO y3HaTh, KaK MCIOJIb30BaTh U PACIIUPSITh 3TOT MAJIEHbKUM, HO JOBOJIb-
HO MOIIHBIM 11a0JOHHBINA KIacc SingletonHolder.

6.11. Pa6oTa c knaccom SingletonHodler

[la6nonHbiii kiMacc SingletonHolder He TpebyeT OT MPWJIOXEHUS CreUbUUIECKUX
(byHKUMOHABHBIX BO3MOXHOCTel. OH MPOCTO MPEAOCTaBIIsIEeT ClelMalbHble CPENCTBA IS
paboThl ¢ CMHIJITOHAMU B APYTMX Kjaccax — B HallleM KONIe OHU O00O3HaueHbl OYKBOW T.
Krnacc T Mb1 Oynem HasbiBaTh Kauenmckum (client class).

B ximeHTCKOM Kiacce cieayeT MpeayCMOTPeTh BCe MEPBI ISl PeAOTBPallleHUs] Henpe/-
HAMEPEHHOTO CO3[aHUsI W YHUYTOXEHUSI OOBEKTOB: KOHCTPYKTOP MO YMOJYAaHWIO, KOHCT-
PYKTOp KOINUWPOBAaHWS, OMEpaTop MPUCBAMBAHUS, NECTPYKTOP W OMEpaTop B3STUS aapeca
JIOJKHBI OBITh 3aKPBITHIMU.

[pennpuHsB 3T Mepbl, HYXXHO OOBSIBUTH IPYKECTBEHHBIM Kilacc Creator. [IpeBeHTHBHbIE
Mepbl U 00bsiBNieHME friend — BOT M BCe M3MEHEHMSI, KOTOpble HEOOXOIMMO BHECTH B KJace,
pabotatouuit ¢ Kaccom SingletonHolder. OTMeTHM, YTO BCE 3TW M3MEHEHUSI COBEPIIEHHO HE
SIBJISTIOTCSL 00$13aTEJIbHBIMU 1 TIPEACTABJISIIOT COO0I KOMITPOMKCC MEX]Iy HEyI00CTBaMU HACTPOK-
KU CYIIECTBYIOIIETO KOJa U PUCKOM BO3HUKHOBEHMS (PUKTUBHBIX OOBEKTOB.

ITpoekTHbIE peuieHUs, Kacaumecs: padboThl CO CMELMATbHON peanu3anueil Kiacca Sin-
gleton, oTpaxawTcsl B OMNpejAesieHud TUMa, Kak TMokazaHo Huxe. I[lepemaBas mpusHaku u
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OITIIAM TIPY BBI30BE HEKOTOPOM (DYHKIIMM, BBl MepefacTe MX OMIpPEAe/ICHUIO THIIA, BEIOMpAs
COOTBETCTBYIOLEE MOBEACHUE OOBEKTOB.

class A { ... };

typedef SingletonHolder<A, CreateUsingNew> SingleA;

// Tenepb MOXHO MCMONb30BaTb (GYyHKUM SingleA::Instance()

OmnucaTh CHMHIJITOH, BO3BpAIIAIONIM OOBEKT IIPOM3BOMHOIO KJIacca, MTOBOJBHO IPOCTO.
11 3TOro JOCTaTOYHO BHECTU M3MEHEHMSsI B KJIacC cTpaTeruu Creator.

class A { ... };
class Derived : public A { ... };

template <class T> struct MyCreator : public CreateUsingNew<T>

static T* Create()
{

return new Derived;
1
typedef SingletonHolder<A, MyCreator> SingleA;

Kpome Toro, MoXxHO 3aiaTh MapaMeTpbl KOHCTPYKTOpPA, MCIOJIb30BaTh JAPYTYIO CTPATEeTrvio
pacrnpeneneHrsl maMsTi WA HAacCTPOUTh Kjacc Singleton Ha KaXAylo OTAEIBbHYIO CTpaTe-
ruto. JTO MO3BOJISIET TOYHO HACTPOUTH Kjiacc Singleton, cCOXpaHUB BCce €ro (hyHKIIMOHAIb-
HbI€ BO3MOXHOCTH, MPELYCMOTPEHHbBIE 110 YMOJIYAHUIO.

Knacc crparerun SingletonwithLongevity mnosaraeTcsi Ha ornpenejieHue (GyHKIUN
GetlLongevity, Haxondlleicss B MPOCTpaHCTBE MMeH. Ee ornpenesieHWe MOXET BBITJISIETb
CJIeyIOIIMM 00pa3oM.

inline unsigned int GetLongevity(A*) { return 5; }

DTO HYXHO, TOJIbKO €CJIM Bbl MCHOJIb3yeTe Kiacc SinglewithLongevity B ompeneieHUU
Thma SingleA.

Hamm skcriepyMeHTajbHblE pealu3allid MCHbIThIBAIMCh Ha 3amadye KDL. Temepp oHa
pelaeTcss ¢ TMOMOIIbI0 1a0JIoHHOro Kiacca Singleton. Pasymeercsi, 3Tu ompeneieHUs
JIOJDKHBI HAXOJUTBCS B COOTBETCTBYIOLIMX 3ar0JIOBOYHbIX (paiiiax.

class KeyboardImpl { ... };

class DisplayImpl { ... };
class LogImpl { ... };

inline unsigned int GetLongevity(KeyboardImpl*) { return 1; }
inline unsigned int GetLongevity(DisplayImpl1*) { return 1; }
// 0b6beKTbl Knacc Log XuWBYT AOSblue

inline unsigned int GetLongevity(LogImpl1*) { return 2; }

typedef SingletonHolder<keyboardImpl, CreateUsingNew,
SingletonwithLongevity> Keyboard;

typedef SingletonHolder<DisplayImpl, CreateUsingNew,
SingletonwithLongevity> Display;

typedef SingletonHolder<LogImpl, CreateUsingNew,
SingletonwithLongevity> Log;

YUuteiBasi CI0XHOCTh 3aJauy, OIMMCAHHOC PCIICHUE ABIACTCA HOCTATOYHO ITPOCTHIM M
OYCBUIHBIM.
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6.12. Pe3iome

B Hauane rmiaBel Obuta onucaHa HauOosiee TMOMYJISIpHAs peaius3aiius kKjaacca Singleton
Ha sa3bike C++. [1penoTBpaTUTh TUPAXKMPOBAHUE CUHIJITOHOB JOBOJBHO MPOCTO, MOCKOIbKY
IUUISL 9TOTO CYIIECTBYET XOpolliasi sA3blkoBasi moaaepxka. CinoxHee BCero yrnpasisTh MPOAOS-
JKUTEJIbHOCTBIO XXU3HU CUHIJITOHA, OCOOEHHO MPOLIECCOM €r0 YHUUTOXEHUS.

Pacnio3HaTe MoOMbITKY MOCTyNa K YHUYTOXEHHOMY CUHIJITOHY TipocTto. [ 3TOoro He
TpeOYIOTCS NOMOJHUTENbHbIE PECYPChl. DTO paclo3HaBaHWE AOJKHO ObITh HEOThEMJIEMOIA
YacThIO peanu3aiuu Kiacca Singleton.

B rnaBe paccMOTpeHBI YEThIpe OCHOBHBIE BapvallUM Ha 3Ty TEMY: CUHIJITOH, yNpaBisie-
MBII1 KOMITWISITOPOM, (DEHUKC, CUHTJTOH C 3aJaHHOM MPOAOKUTEIbHOCTHIO XXU3HU U Oec-
CMEPTHBII CUHIJITOH. Y KaXIOro U3 HUX €CTh CBOM MPEUMYIIECTBA U HEIOCTATKU.

[labnon mpoexkTupoBaHusi Singleton TecHO cBsA3aH ¢ MmoxeisiMu motokoB. LllaGmon
Double-Checking Locking mo3BojsieT co3maTh CUHIJITOHBI, TapaHTUPYIOLIKE 0€30ITacHYIO
paboTy ITOTOKOB.

B 3akitoueHuM nepeuyuciieHbl U KiacCM(ULIMPOBaHbl OCHOBHBIE CTPATErMU W BbIMOJIHEHA
COOTBETCTBYIOIIIAS JEKOMITO3UIIMS Kiiacca Singleton. B kiacce Singleton BbifeNlieHbl TpU
OCHOBHbIE cTpateruu: Creation, Lifetime u ThreadingModel. Dtu cTpateruu conpsKeHb
B omnpeaesieHnun Kiacca SingletonHolder ¢ 4eThIpbMsl MapaMeTpaMu (KJIMEHTCKUI THUII TLUTIOC
TPU CTPATETUU), KOTOPBIE MMOKPBIBAIOT BCE BO3ZMOXHBIE KOMOMHALIMM MTPOEKTHBIX PELICHUA.

6.13. KpaTtkoe onucaHue WwabsoHHOro Knacca
SingletonHolder

e OmnpeneneHue kiaacca SingletonHolder uMmeeT ciaeayrolInii BUI.

template <
class T,
template <class> class CreationPolicy = CreateUsingNew,
template <class> class LifetimePolicy = DefaultLifetime,
template <class> class ThreadingModel = SingleThreaded
>
class SingletonHolder;

e [llabnonHbIil Ki1acc SingletonHolder KOHKpPETU3UPYETCS TIyTeM Tepefaauyu KIMEHT-
CKOTO KJlacca B KauyecTBe IMepBOro 1abjoHHOro napamerpa. PasiuyHble MpoeKTHbIE
BapMaHThI BEIOMPAIOTCSI C TTOMOIIBI0O KOMOMHUPOBAHUST TPEX OCTAJIbHBIX TTapaMeTPOB.

class Myclass { ... };
typedef SingletonHolder<MyClass, CreateStatic>
MySingleClass;

L HY)KHO OIIPEACINTb KOHCTPYKTOP IO YMOJYaHHUIO MJIM HMCIIOJb30BaTh IJIA CO3JaHUA
CHHIJITOHA KJ1acc, OTJUYAIOLIMIACSI OT cTpareruu Creator.

e ToToBBIC peanu3alu TpeX OCHOBHBIX CTpaTeruii onmucaHbl B Ta0u. 6.1. ITpu Heobxo-
JNIMMOCTUM K HMUM MOXHO N00aBUTb CBOM COOCTBEHHBIE KJIAcChl CTpaTervii, OpUeHTH-
pOBaHHBIC Ha HOBBIC OrpaHUYEHUS.
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UHTENNEKTYAJIbHbIE YKASATEJIN

HNHTennekTyalbHbIM YyKa3aTeJisIM TMOCBSILIEHbl MWIIMOHBI CTPOK KOAa W COTHU KHWT.
bnaromapst Tomy, 4TO B MHTEJIEKTYaJIbHBIX yKas3aTeJisiX MeperieIMcb MHOTUE CUHTaKCHUye-
CKME U CEMaHTUUYECKUE MPOOJIeMbl, OHU CTaJIM OAHON M3 CaMbIX MOMYJSPHBIX, UHTEPECHBIX
U MOIIHBIX uavoM si3bika C++. B 3Toil rmaBe oOCyXaaroTcs BCEe acleKThl MHTEIEKTyallb-
HBIX yKazarejeil (0T MPOCTEHIINUX OO0 CaMbIX CJIOXHBIX), a TakKKe HauboJiee pacnpocTpaHeH-
HbIe OIIMOKM, COBEpIIaeMble TTPOTPAMMUCTAMU TIPU UX peaTu3aluiu.

HHTennexTyanbHble yKazaTelu — 3TO O0beKThl si3blka C++, UMUTUPYIOIIUE OObIYHBIC
yKazarejau ¢ MOMOIIbI0 peaiu3aly orneparopa -> W yHapHoro omeparopa *. Kpome Toro,
OHM YacTO CKPBITHO BBITIOJHSIIOT TIOJI€3HbIE 3aaHMsl (HarpuMep, OCYIIECTBISIOT yIpaBiie-
HME MaMsITbIO UM OJIOKUPOBKY), OCBOOOXAAsl MPWIOXKEHUE OT AETAIbHOTO KOHTPOJIS 3a
00beKTaMM, Ha KOTOPbIE OHU CChLIAIOTCS.

B rnaBe He TOJNIBKO OOCYXXAAIOTCS MHTEJIEKTYalbHbIe yKa3aTeau, HO U peaau30BaH 111a0-
JIOHHBIN KJjacc SmartPtr. DTOT Kjiacc pa3paboTraH Ha OCHOBe cTpareruii (rjasa 1). OH
oe3omnaceH, 3(phEeKTUBEH U JIETOK B MCIOIb30BAHUM.

31ech pacCMOTPEHBI CIIENYIOIIME BOMIPOCHI.

e [IpeumyniecTBa U HEAOCTAaTKM MHTEJJIEKTYaIbHBIX yKa3aTese.

e Crpareruu ynpaBjieHUs BIaIEHUEM.

e Hegasubie mpeobpa3oBaHUs.

e [IpoBepku U cpaBHEHUS.

e  MHOIOITOTOYHOCTD.

B rnaBe omucaH o0O0OIIEHHBIN 1IAOJOHHBINA Kiacc SmartPtr. B kaxmom pasaene pac-
cMaTpuBaeTcsl OTHesbHasl Mpobjema, CBA3aHHasl C peaju3allMeil 3TOro Kjiacca, a IMojaHas
cbopka Kjacca BBITIOJHSIETCSI B KOHIIE MIaBbl. [IporpamMmucty mano 3HaTh, KakK YCTPOEH

1IabJOHHBIM KJ1acc SmartPt r, Hy)KHO €1I€ YMETb HMCIIOJIb30BaTb, UBMCHATH MU PACIUHUPATH
€Tr0 B CBOUX IIpOorpamMmax.

7.1. CTo nepBoe onucaHue UHTeJJIeKTyalsibHbIX yKa3aTtenen

UTOo Takoe MHTEJICKTYalbHbBIN yKa3zaTedb? DTO KiIacc, UMUTUPYIOIINN CMHTAKCUC U Ce-
MaHTUKY OOBIYHOTO yKaszaTessl M BBITOJHSIOIIMI MHOTrO Opyroil moje3Hoil pabotsl. Ilo-
CKOJIbKY MHTEJUIEKTYyaJIbHbIE yKa3aTeJu, CChLIAIoIIMecsl Ha OObEKThl Pa3HBIX THUIIOB, UMEIOT
MHOT'O OOLIEro, OHM MOYTHU BCEraa peayiu3yloTcsl B BUje 111a0JI0HOB.

template <class T>
class SmartPtr



{

public:
explicit SmartPtr(T* pointee) : pointee_(pointee);
SmartPtr& operator=(const SmartPtr& other);
~SmartPtr();
T& operator*() const

return *pointee_;
}
T* operator->() const

{

return pointee_;
1
private:
T* pointee_;

};

HIaGioH SmartPtr<T> XpaHUT yKasaTeJib Ha TUIl T B HepCMCHHOﬁ-‘U[eHC pointee_.
HNmenHo tak IoCTynacT 6OJII)H_II/IHCTBO MHTCJUICKTYAJIbHBIX YKa3aTCHCﬁ. B HECKOTOPLIX Cl1y-
Yadx B 9TUX KiaccCax IMpeayCcCMaTpuBacTCA HEKOTOpasa JOIMOJHUTECIbHAA o6pa60TKa JaHHBIX, a
CaM yKasaT€Jib BBIYUCIACTCA HaA JICTY.

CHHTaKCUC U CEeMaHTHUKA OOBIYHBIX YKaSaTCJIefI UMUTUDPYIOTCA CICAYIOLIUMU OII€paTO-
pamMn L[Ia6J'IOHHOrO KJacca SmartPtr.

class widget

public:
void FunQ;

Sr;lartPtr'<W1' dget> sp(new widget);

sp->FunQ);

(*sp) .FunQ);

I[MomuMo ormpeneneHus Kiacca sp, Kjacc SmartPtr HUYEM HE OTJIMYAETCsS OT OOBIYHOTO
yKaszatens. B 3ToM M 3aKiIo4aeTcd CylLIeCTBO MHTEJIJIEKTYaJIbHOIO yKa3aresist: OObIUHbIE YKa-
3aTeIM MOXHO 3aMEHMTh MHTEJ/UIEKTyaJlbHbBIMU, HE BHOCSI KOPEHHBIX M3MEHEHWl B TIpO-
rpammy. TakuMm oOpa3oM, MOXHO JIETKO MOJIYYUTh JOMOJHUTEIbHBIC MpeuMyllecTBa. Bos-
MOHOCTb MPaKTUYECKU HE U3MEHSITh KO IPU MCMOJb30BAaHUM WHTEIIEKTYalbHBIX YKa3a-
Tejieil B OOJIBILIMX MPUIOXKEHUSIX — OUEHb IPUBJIEKATEIbHOE M BaXXHOE CBOMCTBO. OQHAKO,
KaK Mbl YBUAUM HMXE, HE BCE TaK IIPOCTO.

7.2. Oco0GeHHOCTU UHTEeNeKTyallbHbIX yKa3aTeneun

MoxkeT BOZHMKHYTh BOIPOC: “3aueM HY>XHbl MHTEJUIEKTYyabHbIe yKazatenu?”. Kakyio BbITo-
Iy MOXHO W3BJeYb, 3aMEHUB OObIYHBbIE yKa3aTeJu MHTe/UIeKTyalbHbIMU? Bce oueHb MpocTo.
HHuTennexryanbHbie yKazaTeIn UMEIOT CEMaHTHKY 3HAYeHUH, a MPOCThIE yKa3aTeJu — HeT.

OOBbeKT, UMEIOLINI CEMAaHTUKY 3HAUEHWI, — 3TO OOBEKT, KOTOPbII MOXHO KONUpOBamb
npuceauseams. Yucna Tina int — mpekpacHbiii mpuMep. X MOXXHO CBOOOIHO co31aBaTh, KOMU-
pOBaTh MU U3MEHSITh. YKazaTeslb, KOTOPbI MPUMEHSIETCS sl TiepeMelieHus: o Oydepy, Takke
MMeeT CeMaHTUKY 3HaYeHWIl — OH MHULMAIM3UPYETCs aapecoM MepBoii siueiiku Oydepa v me-
peMellaeTcs Mo HeMy BIIEpel, MOoKa He JOCTUTHET KOoHLA. 1o MyTu 3HaueHus 3TOro ykasaresst
MOXHO KOIMPOBATh B JAPYTVE MEPEeMEHHbBIE, COXPAHSISI TTPOMEXYTOYHBIE PE3YJIbTATHI.
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OnmHako pa60TaTb C ykKazarcJisAiMMU Ha O6’b€KTI)I, CO3JaHHLBIC C IIOMOIIBIO OII€paropa new,
HY>XHO COBCEM MHaAYc€. ﬂ,OHYCTI/IM, MbI HalmucaJu CJICAYIOIICC BbIpa>XCHUE.

widget* p = new widget;

B sTOM ciyyae mepeMeHHasl p HE TOJIBKO YKa3bIBaeT Ha OOBEKT Kiiacca Widget, pa3melleH-

HBII B TTaMSITU, HO U &1adeem UM. DTO 3HAYWT, YTO MPU BHINMOJHEHUU orepaTopa delete p

COOTBETCTBYIOIINI OOBEKT Kilacca Widget OymeT YHMYTOXEH, a BhIAEJICHHAs IJIs HEro Ia-

MSTbh OCBOOOXIeHa. TakuM o6pa3oM, MPUBEACHHBII HUXE KO OKaXKETCSI HEBEPHBIM.
widget* p = new widget;

p = 0; // NpucBaMBaem ykasaTe/l p HeYTO WHoe
DTO MPOUCXOAUT IIOTOMY, YTO MBI TEpsSIEeM BJIaJeHNE OOBEKTOM, Ha KOTOPHIMA paHee CChUIaI-
csl yKaszaTesb p, 1 He MUMeeM BO3MOXHOCTH BEPHYTh €ro. DTO MPUBOIUT K YTEUKE PECYpCOB.

Bonee Toro, mpu KonmupoBaHUM yKa3aTess p B APYIYIO IIEPEMEHHYIO KOMITHJISITOP HE IIe-
penaeT eif aBTOMaTUYECKHU BJIaJIcCHUE YYaCTKOM TaMSITH, Ha KOTOPBI CChIJIAETCSI yKa3aTesb.
BmecTto aTOro B mporpaMme MOSIBISIFOTCS IBa yKa3aTelis, COAepKaIlMX aapec OTHOTO U TOTO
Ke 00beKTa. DTO HeXeJlaTeJIbHO, MOCKOJIbKY MOXET MPUBECTU K TOBTOPHOMY YAaJIEHUIO
YK€ yIaJeHHOTO 00bekTa (CO BCEMU BBHITEKAIOIIMMU KaTaCTPO(PUUECKUMU TMOCAEACTBUSIMU).
CrnenoBaTte/ibHO, yKa3aTe/JIM Ha JMHAMUYECKU pa3MelllaeMble O0bEKThl He 0010CHbl UMETh Ce-
MaHTHKU 3HAYCHUI — KX HeJIb3s KOMUPOBAaTh 1 IPUCBanBaTh KaK ITOIAJIO.

Bor 3mech-TO M HyXHBI MHTE/UIEKTyaJbHBIC yKa3aTeJn. BONBIIMHCTBO WHTEIICKTyallb-
HBIX yKazarejieil, TOMUMO UMUTALUKU TIPOCTBIX YKa3aTese, ynpasisom eiadenuem 00beKTa-
MM, Ha KOTOpbIe OHM cchUiaoTcsi. OHM pacIio3HAIOT M3MEHEHUS B IIpaBaxX BIAICHUsS, a MX
JIECTPYKTOPbI OCBOOOXKAAIOT IaMsITh, CJEOys TIIATEJbHO IPOAYMaHHOW cTpareruu. Bo
MHOTHYX MHTEJUIEKTYaJIbHBIX YKa3aTeJIsIX CONSPXKUTCS AOCTAaTOYHO MH(pOPMAIM, YTOOKI IIpa-
BWJIbHO OCBOOOAUTH MaMsTh, 3aHITYI0O OOBEKTOM, Ha KOTOPBIA OHU CChLIAIOTCS.

VipasiaeHue BIafeHUEM OCYIIECTBIISICTCS pPa3HBIMU CIIOCOOAMU B 3aBUCHMOCTU OT pe-
1maemMoii 3agaun. HekoTopbie MHTEJJICKTyallbHbIE YKa3aTeJld aBTOMAaTUYEeCKU IepedaloT mpa-
Ba Ha BJIaficHUE OOBEKTOM: ITOCJIC KOIMPOBAHMS MCXOMHOMY yKa3aTe/lo IMPUCBAUBACTCS HY-
JIEBOI azpec, a pe3yJbTUpYIOIIeMy — aapec oObeKTa U TpaBa Ha BiaaaeHue. MIMeHHO Takas
CTpaTervsi peaju3oBaHa B CTaHAAPTHOM MHTEJJIEKTYaJlbHOM YyKa3aTejae std::auto_ptr.
Jpyrne MHTEUIEKTYaJdbHBbIC YKAa3aTeId MCIIOJIb3YIOT IIOACYET CCHUIOK: OHU OTCJIEKMBAIOT
o0l11iee KOJUYECTBO MHTEJUIEKTYaJIbHBIX yKa3aTesel, CChIAIOIIMXCI Ha OIUH U TOT Xe 00b-
eKT, M, KOTJa CYCTIMK OOHYJISIeTCS, yIalsIioT ero. B 3akimouyeHne 3aMeTHM, YTO CYIIECTBYIOT
WHTEJJIEKTYalbHbIE yKa3aTeu, NMpU KOMUPOBAHWM KOTOPBIX CO3MaeTCs AyOaMKaT oObeKTa.

Bnagenme oOBEKTOM — BaxXHOE CBOMCTBO MHTEJICKTYaJbHBIX yKa3aTeleil. YIpaBisis
IpaBaMU BJIAICHUS, MHTEJUIEKTyaIbHbIC YKa3aTeId rapaHTUPYIOT LIEJIOCTHOCTh U MOJIHOLICH-
HYIO CEMaHTHUKY 3HauyeHUil. [TockobKy MpaBa BafeHUs! CBSI3aHbl B OCHOBHOM C CO3/IaHUEM,
KOIMMPOBAHUEM W YHHUYTOXECHMEM WHTEJUICKTyaIbHBIX YKa3aTeJel, COOTBETCTBYIOIINE
(byHKIIMU-YIeHbl HanboJiee BasKHBbI.

B cnemyrommx pasmenax MbI pacCMOTPUM pa3HbIE acIeKTHl Pa3pabOTKA M pean3allni
WHTEJJIEKTYaJbHbIX YyKazaTeneil. Hammeil menblo OyaeT MakKCUMaJbHO IIOJHAsT WMUTALMS
MPOCTBIX yKa3zaTesieli, HO He OymeM 3a0bIBaTh, YTO MHTEJUICKTYaJIbHBIM yKa3aTelb — 0oJjiee
LIUPOKOE TOHSITHE.

Mexny MHTEIEKTYalbHBIMU U OOBIYHBIMU yKAa3aTeJISIMM CYLLECTBYET TOHKAasl I'paHb, OT-
JIEJISTIoNIasl MOJMHBIM KOHTPOJIb OT Xaoca. MBI YBUAMM, YTO HOOaBJICHME HA TEPBBIN B3I
MOJIE3HBIX CBOMCTB MHOTIAA OKa3blBaeTCs BechbMa OmMacHbIM. [Ipu peanusaiiiy XOpoOILIMX WH-
TEJIJICKTYaJIbHBIX yKa3aTeJiei clieayeT COOII0IaTh TOYHbBIN OalaHC.
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7.3. XpaHeHne nHTenneKTyanbHbIX yKa3aTteneu

[ng Havana 3agaguMcs yHIaMEeHTaJIbHBIM BompocoM: “JIojbKHA JIM TiepeMeHHast pointee_
uMeTh TUM T*?”. EcaM HeT, TO Kakoil TUIT OHa MOXeT uMeTh? B 000011IeHHOM MporpaMMupoBa-
HUU 00s13aTeIbHO HYXKHO 3aaBaTh ceOe Takue BOMpochl. Kaxmblii THI, BCTPOEHHBI B 0000-
IIEHHBINA KOJI, CHIDKAET CTETeHb €ro YHUBEPCATbHOCTH. TaKye TUIIBI HAITOMMHAIOT KOHCTaHTHI,
“3allUTBIE” B TEKCTE MPOTrpPaMMBbI.

B HEKOTOpBIX CHUTyallUsIX WMEET CMBICH pa3pelliuTh HACTPONKY THIA TepeMEHHOM
pointee_. Hanpumep, 3To CTOUT chenath NMpu paboTe ¢ HECTaHIAPTHBIMM MonuduKaTopa-
MU ykaszatens. Bo BpemeHa 16-6uToBBIX mpolieccopoB Intel 80x86 ykazaTenmn MOIIM MMETh
crieumduxkaropsl _near, _far u _huge. Takue MoaudukaTopbsl MOTYT MCIOJAb30BAaTLCS U B
JPYTUX MOJIENSIX CeTMEHTUPOBAHHOM TMaMSITH.

Btopast cutyaiusi, B KOTOpO# cienyeT HacTpauBaTh THI, BO3HUKAET, KOT/Aa MPOrpaMMUCT
X04eT TMPMMEHUTh HacCIeJOBaHUE WHTEIJICKTYyalbHBIX yKazareieil. UTo ecnu y Hac ecThb
Kjacc LegacySmartPtr<T>, pealu30BaHHbI KeM-TO ellle, U HaM HYXHO CO3[aTh MpPOW3-
BoAHbIN OT Hero kiacc? Kak ato chaenarb? OTo OTBEeTCTBEHHOE peliieHue. Jlydlile CKpbITh
0a30BbIil KJIACC BHYTPU CBOETr0 COOCTBEHHOIO WHTEJIEKTYyaJbHOIO yKazaTelis. DTO BIOJIHE
BO3MOKHO, IMOCKOJIbKY BHYTPEHHUI MHTEIJICKTYAIbHBIN yKa3aTeJb UMEET Ty XK€ CMHTaKCU-
4yecKylo CTpYKTypy. C TOUKM 3peHHsI BHEIIHETO MHTEJIEKTYyalbHOIO yKasaTelss NepeMeHHast
pointee_ uMeeT TUN LegacySmartPtr<T>, a He T*.

HacnenoBaHue MHTE/UIEKTYaJIbHBIX yKa3aTesei 00JiafaeT MHTEPECHBIMU MPUIOXKEHUSIMU,
B OCHOBHOM OJjaromapsi omeparopy ->. Korma omepatop -> mpuMeHsIeTCS K THUITY, KOTOPBI
OTJIMYAeTCs OT BCTPOEHHOTO, KOMIWISITOP BeleT ce0s1 HeoObluHO. [locie npuMeHeHus orne-
paTopa ->, OTpeAeSIEHHOTO T0Jb30BaTe/IieM, K TaHHOMY TUITYy OH BHOBb IIPUMEHSIET Orepa-
TOp -> K TMOJYYEHHOMY pe3yJbTaTy U MPOAOIKAET PEKYPCUBHO IMOBTOPSATH 3TOT Mpoliecc,
ToKa He OOHApYKUT yKa3aTeslb Ha BCTPOCHHBIN TUIT W TOJbKO TOT/AA MPEIOCTABUT IOCTYN K
yjieHy kiacca. CinenoBaTesbHO, OMepaTop ->, OMpPeJAeIEHHbII B MHTEJUIEKTYaIbHOM yKa3arte-
Jile, He 00s3aH BO3BpalllaTh yKaszaTteidb. OH MOXeT BO3BpalllaTb OOBEKT, KOTOPBIM B CBOIO
ouepellb peajqusyeT ornepaTop —>, He U3MEHsIS CUHTAKCUC ero MpUMeHEHHMUS.

DTO TPMBOIUT K WHTEPECHOW HIMOME: BBI30BaM Ipe- W TOCThYHKIMi (Stroustrup,
2000). Ecnu oneparop -> Bo3BpalllaeT OOBEKT THMa PointerType 10 3HAUYEHUIO, MOCIEA0-
BaTeJIbBHOCTD €TO BBHITIOJIHEHUST TAKOBA.

1. BrI3pIBaeTcsd KOHCTPYKTOP Kijacca PointerType.

2. BoisbiBaetcs yHKIMS PointerType: :operator->; BepOsITHO, BO3BpAIlaeTCsl yKa3a-
TeJIb HAa OOBEKT TUIla PointeeType.

3. JlocTym K WieHy Kiacca PointeeType — BEepOSITHO, BBI30B (DYHKIIVH.

4. BpI3bIBaeTCST IECTPYKTOP Kilacca PointerType.

Kopoue roBopsi, y Hac ecTb TPeBOCXOMHBIN CI1OCOO OJIOKMPOBKM BHI30BOB (DyHKIIMH. DTa navoMa
IIMPOKO MPUMEHSIETCS B MHOTOIMIOTOUHBIX Cpefiax sl OJIOKMPOBKM JocTymna K pecypcam. KoHcT-
DPYKTOp KJlacca PointerType MOXET 3aXBaTbIBaTh PECYpPChI, Mbl X MOXEM UCIOJIb30BaTh B CBOMX
LIEJISIX, @ B KOHIIE paboThl AECTPYKTOp KJlacca PointerType OCBOOOXIAET UX.

Ha stom o00006meHuss He 3akaH4ymBaloTcsa. CUHTAKCUYECKU-OPUEHTHPOBAHHAS 4YacTh
“ykazaressi” BBIIJISIAUT JOBOJbHO OJIEAHO MO CPaBHEHMUIO C MOUIHBIMU CPEACTBAMM YIpaB-
JIEHUsI pecypcaMH, KOTOPbIMU OOJIaal0T WHTEJUIeKTyalbHble ykazaTenu. CiemoBaTesbHO,
MHOTIA MHTEJJIEKTYalIbHbIE YKa3aTeJd MOTYT BBIIJISIAETh HEOObIYHO. OOBEKT, ISl KOTOPOro

o

HE OIIPpCACJICHLI OIICpaTopbl -> M *, HC COOTBCTCTBYCT OIIPCACICHUIO MHTCIICKTYaJIbHOI'O
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ykazaresisi. OgHaKo CYIIEeCTBYIOT OOBEKTHI, KOTOPbIE MOXKHO CYMTATh WHTEJUICKTYaJIbHBIMU
yKazaTeJsIMU, aXe eI OHU TaKOBBIMU (DOPMATIbHO HE SIBIISTFOTCSI.

BepHeMmcs B peasibHBIN MUp TIPUKIIAAHOTO MPOrpaMMUPOBAHUS U TIPUJIOXKEeHUM. MHOTHE
ONEePaLIMOHHbIE CUCTEMbI Peaiu3yloT deckpunmops: (handles) B Buje MeTONOB NOCTyMa K OM-
peneeHHBIM BHYTPEHHMM pecypcaM, TaKMM KaK OKHa, MBIOTEKCHI WJIM ycTpoiicTBa. Jleck-
PUIITOPBI SIBJISIIOTCSI MPeAHAMEPEHHO 3aMacKMPOBaHHBIMU yKazareasiMu. OMHO U3 MX Tpel-
Ha3HAYCHUI — TIpeoTBpalllaTh HEITOCPEACTBEHHBIN JOCTYIT TOJb30BaTe/iel K KPUTUISCKU
BaXXHBIM pecypcaM OIepallMOHHOMN cHUCTeMbl. B GOJBIIMHCTBE Cy4aeB MECKPUMITOPBI TIPeI-
CTaBJISIIOT COOOM 1iesible Yncha, MpeJACTaBsolIe co00i NHIEKChl CKPbITON TabauIIbl yKa3a-
Teseil. Dra Tabauia obecreurBaeT JTOMOJHUTEIbHBIA YPOBEHb 3alllUThl BHYTPEHHEH CHCTe-
MBI OT TIPUKJIaTHBIX MPOTPAMMUCTOB. XOTS JUIST JECKPHUIITOPOB HE MPEIYCMOTPEH OIepaTop
->, TI0 CEMaHTHUKE U CITOCOOY PabOTHl OHU MOXOXM Ha YKa3aTellH.

JL1st JECKPUTITOPOB HET CMBICIIA TIPeIyCMaTpUBaTh Oreparop -> wiv *. OmHaKO OHM Tpeaoc-
TaBJISIIOT TE K& CPEICTBA YIIPABICHUS pecypcaMu, YTO U MHTEJUICKTyaJIbHbIE YKa3aTelu.

PaccMoTpuM TpY THITa MHTEJUIEKTYaIBHBIX YKa3aTelIe.

1. Tun xpanenus (storage type). D10 — TUIl TiepeMeHHOU pointee_. [lo ymonmuaHuio B
OOBIYHBIX MHTEJUIEKTYAJIbHbIX YKA3aTeJIsSIX 3TOT TUIT OTHOCUTCS K OOBIYHBIM yKa3aTeJIsIM.

2. Tun ykazamens (pointer type). OTo TUIl 00beKTa, BO3BpAIlaeMOro ornepatopoM ->. OH
MOXeT OTJIMYaThCsl OT THUMA XpaHEHUsl, €CJAM BO3BpalllaeTcsl OOBLEKT-3aMeCTUTENb
(proxy object), a He cam ykazaresb. ([lo3agHee B 3TOI TJ1aBe Mbl PACCMOTPUM MPUMEDP
00BEKTa-3aMECTUTENSL. )

3. Ccbiaounsiii mun (reference type). DTo TUII, BO3BpalllaeMblii OIEPaTOPOM *.

B 3akimioueHne 3aMeTHM, YTO MHTE/UIEKTYaIbHBIE YKa3aTeJIM MOTYT M HOJDKHBI 0000IIATh
BCE TPM IMEPEUUCIICHHBIX THMA. I 3TOro Kjiacc SmartPtr aGeTparupyeT MX B CTpaTerdu
Storage. Konkperusauus kjiacca SmartPtr He 00si3aHa peaJM30BBIBATH MX BCE OJHOBpE-
MeHHO. CrienoBaTesibHO, MHOTAA (HAalmpuMep, B TECKPUIITOPAx), CTPATeTUsT MOXKET He OIpe-
JEJIATh OOMH U3 OIEPaTopoB -> U *, TMOO UTHOPUPOBATh UX OOOMX.

7.4. ®YyHKUUN-YNIeHbl UHTEJIJIeKTyaJIbHbIX yKa3aTenen

MHoOrue CylIeCTBYIOIIME peaTu3alii WHTEJUICKTYaJIbHBIX yKa3aTeJiell JOITyCKaloT BbI-
MOJIHEHUE OMepaluii ¢ MoMollblo YHKIIMIA-YWIEHOB, HAllpUMep, Get ISl JOCTyNa K 00beK-
Ty, Set — JIJIsT ero U3MeHEeHUs U Release — JUId OTKa3a OT BJIaJieHUs. BIoJHe ecTecTBEH-
HO MHKAIICYJIMPOBaTh 3TN (PYHKIIMOHAJIbHBIE BO3MOKXHOCTH B KJlacce SmartPtr.

OpfHako OMbIT MOKa3biBaeT, YTO (YHKIMU-YJIEHbI He OYeHb YNOOHbBI AJIs1 peau3aluu
MHTEJUICKTYaJIbHBIX yKa3aTesiell, TTOCKOJIbKY B3aMMOICHCTBUE MEXIY 3TUMU (DYHKUIUSIMU
KpaiiHe 3amyTaHHO.

HonycTuM, 4TO y Hac €CTh KJIacc Printer ¢ pyHKUUSIMU-4IeHAMHU Acquire u Release.
C nomolplo (yHKIUKM-4YIeHa Acquire Mbl MoJyyaeM MpaBa BiAaJeHUs] TPUHTEPOM, TaK YTO
HMKaKoe JApYroe NpWIOXKEeHWe HWYETO HareyataTh He CMOXET, a C TOMOIIbI0 (DYHKIMU-
yjieHa Release Mbl OCBOOOXIaeM MpUHTep. Mcrosb3ysl MHTEJIeKTYalbHBIN yKa3aTeab Ha
00BEKT KjIacca Printer, Mbl OOHapyXMBaeM €ro CTPAHHYIO CHMHTAaKCHUYECKYIO CXOXECTb C
KOHCTPYKUUSIMU, UMEIOIIIMMU COBEPILIEHHO UHYIO CEMaHTHUKY.

SmartPtr<Printer> spres = ...;

spRes->Acquire(); // BcTynaem no BAajeHuWe MPUHTEPOM
MeyaTaeM AOKYMEHT
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spRes->Release(); // OcBoboxaaem NpuUHTeEp

spRes.Release(); // OcBoboxpaem yKasaTeslb Ha NpuUHTEp
IMonb3oBaTenb kinacca SmartPtr Tenepb MMEET MOCTYIT K JBYM COBEPIIEHHO Pa3HbIM MHO-
KecTBaM (DyHKIM: (DyHKIMSIM-4JieHaM O0beKTa, Ha KOTOPBIM CChUIAETCS MHTEJUIEKTYyaslb-
HBII yKazaTenb, U QYHKUUSIM-WIEHAM CaMOro MHTEJUIEKTYaJIbHOro ykasaTelsis. Beibop 3Tux
(byHKIIMIT 3aBUCUT OT UCIOJIB3YEeMOTO OMepaTopa: TOYKU WIU CTPEIKU.

IMporpammuctel Ha si3bike C++ BBIHYXIEHbl BHUMATEJIbHO CJACAUTb 3a TeM, KakoW U3
OIepaTopoB JOJIKEH MPUMEHSITbCS B TOW WIM MHOU cutyaiuu. [IporpaMMucTsl Ha sI3bIKe
Pascal, uzyvaromue 5136k C++, MOryT Aaxe MOYYBCTBOBaTh OTBpAlllEHWE K HEOOXOAMMOCTH
VJIaBIUBATh Pa3nuus Mexay onepauusiMu & u &&. OmHAKO MPOrpaMMUCTHI Ha si3bike C++
He MMEIOT MpaBa 3aKpbiBaTh Ha 3TO riaza. OHM JOKHBI BHIPAOOTATh B cebe MPUBBIUKY JIer-
KO OOHAapyXMBaTh TAKUE€ CUHTAKCUYECKUE PA3TUYMS.

IMpuBbIKHYTH K (DYHKUMSM-YJIEHAM WHTEJUIEKTYyaIbHbIX yKa3aresneil Hejierko. [Ipocteie yka-
3areyii He UMEIOT (DYHKIIMI-WIEHOB, MO3TOMY OIEpaTophbl . U -> K HUM HE NpuUMeHstoTcs. B
3TUX CUTyalUsiX OOJIBLIYIO MOMOLLb OKa3bIBAET KOMIWJISTOP: €CJM MPOrpaMMUCT TOCTAaBWJI TIOCIE
OOBIYHOTO yKa3atessl TOUKy, BblIaeTcsi coolieHue oo ommmbke. Terneps Jierko cebe MpeacTaBuTh,
KaK pa304apoBaHbl JIaXe OMbITHbIE MPOrpaMMMCThI Ha si3bike C++ TeM (hakToM, YTO KOMITWISI-
TOp JOIyCKAET MCITOJIb30BAHUE BBIPAXEHMI sp.Release() u sp->Release(), UMEIOIIMUX CO-
BEPILIEHHO Pa3Hblii cMbICH. M30exaTh 3TOro JIerko: WHTEJUIEKTYaJIbHBI yKa3aTeslb He JOJDKEH
nMeTh QyHKUMii-uieHoB. Kiacc SmartPtr UCIONb3yeT BMECTO HUX JAPYKECTBEHHbIE (DYyHKIIUN.

ITeperpykeHHble QYHKIIMU TakKe MOTYT MPUBECTU K HEIOpa3yMEHUsIM, HO CUTyallMsl 31eCh
coBepllieHHO uHas1. B s3bike C++ mneperpykeHHble (YHKIIMY TTPUMEHSIIOTCSI TIOBOJIBHO IIIMPOKO.
Ieperpy3ka siBysieTCsl BaKHOM 4acThiO S13bIKa M YacTO NMPUMEHSIETCSl B OMOIMOTEKaX U MPUJIoXKe-
HMSIX. DTO 3HAUUT, YTO MPOrpaMMUCTBI Ha s3bike C++ MpuBbIKIM IudhepeHIIMPOBaTh pa3HbIe
CUHTaKcHuyeckue (hopMbl BBI30Ba, HanpuMep, Release (*sp) u Release(sp).

DyHKIMAMU-YIeHAMU Kjlacca SmartPtr MOTYT OBITh JIMIIIbL KOHCTPYKTOPHI, AECTPYKTOD,
oneparop =, Oneparop -> W YHapHbIi oneparop *. OcTajbHble ONMepalyu, BbIMOJHSIEMbIE
KJIaCCOM SmartPtr, peajlusyloTcs ¢ TTOMOIIbIO BHEITHUX (DYHKIIWA.

st poCTOTHl Kjace SmartPtr He MCMOJb3yeT UMEHOBaHHbIE (DYHKIMU-UieHbl. EnuH-
CTBEHHBIMU (DYHKIMSIMU, UMEIOIIMMHU JTOCTYNT K OOBEKTY, Ha KOTOPbIN CChLIAGTCS WHTEN-
JIEKTYaJIbHbII yKa3aTelsb, ABISoTCS GetImpl, GetImplRef, Reset u Release, onpeaeneH-
HbI€ B TIPOCTPAHCTBE MMEH.

template <class T> T* GetImpl(SmartPtr<T>& sp);

template <class T> T*& GetImplRef(SmartPtr<T>& sp);

template <class T> void Reset(SmartPtr<T>& sp, T* source);
template <class T> void Release(SmartPtr<T>& sp, T*& destination);

e O@ynkums GetImpl Bo3BpallaeT yKasaTelb Ha OOBEKT, XpaHSIIMICSI B Kiacce
SmartPtr.

o @yHkumMst GetImplRef Bo3BpalllaeT cculiky Ha yKasaTeb, XpaHSIIMACA B Kiacce
SmartPtr. OHa MO3BOJSIET U3MEHSTh 3TOT yKa3aTelb, MO3TOMY TpebyeT 0coboil oc-
TOPOXKHOCTH.

o @yHKIMS Reset BO3BpalllacT yKa3aTeslb Ha APYroe 3HaueHue, OCBOOOXKIas TIPEIbIIyIIee.

. q)yHKHI/IH ReTease ocBOOOXIACT I/IHTC.HJICKTyaHI)HHﬁ yKasar€Jjib, BO3Jjarasd Ha I1OJIb-
30BaTcjisd OTBETCTBEHHOCTDL 3a YIIpaBJICHUEC 06”I>CKTOM, Ha KOTOpLIﬁ OH CCblJIaJICA.

PeanbHble 00bsiBIeHUsT 3TUX GYHKUIMEI B 6ubaunoreke Loki HeMHoOro cioxHee. B HUX He
MPeIoiaraeTcsl, YTo yKasareib, XpaHsSIIIuics B Kiacce SmartPtr, umeer tun T*. Kak yka-
3aHO B pasjesie 7.3, TUM ykazaTelsl onpenessieTcsl crparerueii Storage.
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7.5. Ctparervum BnageHus

BnageHve 0oOBLEKTOM SIBJSIETCSI CMBICJIIOM CYIIECTBOBAaHUSI MHTE/UIEKTYaJIbHBIX yKazaTe-
sieit. OHM camMu BBITIOJHSIOT YHUYTOXEHUE OOBEKTOB, Ha KOTOphIe cChlIatoTcs. B To ke
BpeMsl TOJIb30BaTe]b MOXET BIMUAThL Ha MPOAOKUTEIbHOCTb XM3HU OOBEKTA, BbI3bIBast
BCTIOMOTaTeIbHbIe (DYHKIIUU.

[ns peanuzaiMu NpaB BAAJCHWS WHTE/UIEKTYaJbHBIM yKa3aTeslb JOKEH BHUMATEJIbHO
CJeIUTh 32 0OBEKTOM, OCOOEHHO BO BpeMsi KOMUPOBAHUSI, TTPUCBAMBAHUS U YHUUTOXEHUS.
DTO NPUBOAUT K NOMOJHMTEIbHBIM 3aTpaTaM MaMmsTh W BpemeHU. [IpuiiokeHue TOIKHO
OIpeNeNiATh CTPATeTni0, KOTOpasi ONHOBPEMEHHO Obuia Obl yI0OHON 1 3(PDHEKTUBHOI.

B crneayroniux nompasaenax oocyxaaloTcsi Haubosiee pacnpocTpaHeHHbIe CTpaTeruu Bia-
JIEHUsI U UX peaju3aliy B Kjacce SmartPtr.

7.5.1. rny6okoe konupoBaHue

[Tpu KOMUPOBaHMM MHTEJJIEKTYAIbHOTO yKa3aTessl pocTeiasl cTpaTerus 3akKjouyaeTcs
B KOMMPOBAHWU O0BEKTA, Ha KOTOPBI OH cchulaeTcs. [Ipu 3TOM Ha KaxXablii 0ObeKT OyaeT
CChUIAThCS TOJIBKO OAMH yKa3zateib. CinepoBaTtebHO, IECTPYKTOP MHTEIEKTYaIbHOTO yKa3a-
TeJIsI MOXeT 0€30MacHO YHUYTOXUTh Takoi 00beKT. Ha puc. 7.1 mponuTIoCTpupoBaHa cxeMa
pacrpeneieHus maMsITi 11 MHTEJJIEKTYaIbHbIX yKa3aTesel pu TIy0OKOM KOMUPOBAHWM.

smartPtr1 pointee_ >
smartPtr2 pointee_ »
smartPtr3 pointee >

Puc. 7.1. Cxema pacnpedesenus namsamu 045 UHMEANEKMYAAbHbIX YKa3amenel npu eny60Kom
Konupoeanuu

Ha nepBblii B3rasi cTpaTervs riy0oKoro KONMpoBaHUs BBIISIAMT OeccMbicieHHoi. Ka-
JKETCS, YTO B OTOM CJIyyae MHTEJUIEKTyaJbHbBIC YKa3aTeJId HUCKOJBKO HE PacHIMpSIOT OOBIY-
HYI0 CEMaHTUKY 3HaueHuil sizbika C++. 3aueM e UX MPUMEHSITh, €CUM OObEKT, Ha KOTO-
PBIil OHM CCHUTAIOTCSI, MOXHO TTPOCTO TIepeaaBaTh Mo 3HAYCHUIO?

OTBeTr 3aKiovaeTcsl B noddepiicke noaumop@uszma. VIHTeINEKTyalbHbIE yKa3aTelld Ipei-
CTaBJISIIOT CO0OI CpeACTBO IJIsl Oe30MacHoi Tmepeaauyn moanuMopdHbIX 00bekToB. MHTEIIeK-
TyaJIbHBIN yKaszaTesb Ha 06a30Bblii KJIacC MOXET CChUIAThCS U Ha MPOU3BOAHbIE Kiacchl. [Tpu
KOTMMMPOBAHUN MHTEJUIEKTYaJIbHOTO yKa3aTessl TpeOyeTcsl KOMMPOBaTh M €Tro MOJIUMOpdHOE
nosegeHue. [1pu 3TOM HU ero MoBeJeHUe, HU COCTOSIHME TOYHO HE U3BECTHBI.

ITockonbKy Ty6oKoe KOMMPOBAaHME Yallle BCETO MPUMEHSIETCS I MOJIMMOPMHBIX 00b-
€KTOB, MPUBEJCHHAasI HUXKe HaWBHAsl peau3aliusl 0Ka3blBaeTCsl HEBEPHOM.

template <class T>
class SmartPtr
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{

public:

template <class U>

SsmartPtr(const SmartPtr<U>& other)
: pointee_(new T(*other.pointee_))
{

}
1

JomycTrM, 4TO MBI KONMpPYyeM OOBEKT TUMa SmartPtr<widget>. Ecau MHTEIIEKTyaIbHBIM
yKazaTteab other cchUlaeTcsl Ha SK3eMIUBIp Kiacca Extendedwidget, mpOWM3BOOHOTO OT
Ki1acca Widget, KOHCTPYKTOpP KOMWPOBAaHUS CKOMUPYET TOJIBKO Ty 4YacTb OObEKTa
Extendedwidget, koTopasi yHacjenoBaHa UM OT Kjacca Widget. DTo siBlIeHME M3BECTHO
Kak cpeska (slicing) — KomnupyeTcsl TOJbKO “cpe3” kiacca Widget, coaepxaliuiics B 00beK-
Te Oosiee 1IMpOKOro kiacca Extendedwidget. Cpeska yallle BCEro COBEPIIEHHO HexXesa-
teapHa. OueHb Xajib, yTO B s13bike C++ OHa BO3HMKAeT TaK JIETKO — IPOCTOI BBI3OB IO
3HAYEHUIO 00pe3aeT 00bEeKThI 0e3 BCSKOTO TMPeaypexXaeHusI.

B rnaBe 8 moapoGHO oOCyXmaeTcsi KJIOHUpoBaHUe. KiaccuueckuM criocoOoM MorydyeHus
MOJMMOP(HOro KJIOHA MepapXuu SIBJISIETCS OMNpeaeieHue BUpTyaldbHOU (yHKUMU Clone u
ee peaiu3alusi, Kak MOKa3aHO HUXeE.

class AbstractBase

{

virtual AbstractBase* Clone() = 0;

1

class Concrete : public AbstractBase

virtual AbstractBase* Clone()

{

return new Concrete(*this);

1
PeaJm3au1/19{ (I)YHKL[I/II/I Clone JOJ2KHa OBITh OIII/IHaKOBOfI BO BCE€X IMPOM3BOAHLIX KJaccax.
HecMoTpst Ha Takylo MOBTOPSIIONIYIOCS CTPYKTYPY, aBTOMAaTMYECKOIrO CIocoba ornpenesieHus
(yakiun-uiena Clone (KpoMe MakpOCOB) HE CYIIECTBYET.

OO60011ICHHBIIT MHTEJIJICKTYaIbHBIN yKa3aTeslb He 3HAeT TOYHO MMs (YHKLIMU KIIOHUPO-
BaHUS: MOXET ObITb, clone, a MoxeT — MakeCopy. CrnenoBaTenbHO, Hanbosiee THUOKUM
IOAXO0OOM MABJIACTCA ITapaMCTpu3alud Kiacca SmartPtr C IIOMOIIbBIO COOTBCTCTBYIOH_Ieﬁ
CTpaTerun KJIOHUPOBaAHUA.

7.5.2. KonupoBaHue npu 3anucu

Konupopanue npu 3anucu (copy on write — COW) — 3T0 cioco® onTuMu3aluu, Io-
3BOJIAIONIMIT M30exXaTh Heo0s13aTebHOro KOMUpOBaHUSI oObekTa. Mumest aToro Merona 3a-
KJIIOYAeTCsl B TOM, YTOObI KJIOHUPOBaTh OOBEKT JIMIIIL TIPU TEePBOI MOMBITKE ero Moaubuka-
LM, a 10 TeX MOp Ha HEro MOXET CChLIAThCsl HECKOJIBbKO yKa3zaTesei.

OnHako WHTE/UIEKTYaJIbHbIE YKa3aTeJlM He OuYeHb TMOIXOANT Ul peaM3alliM CTpaTeruu
COW, MOCKOJIbKY OHU HE YMEIOT Pa3inyaTh BbI30BbI KOHCTAHTHBIX M HEKOHCTAHTHBIX (hYHKIIMIA-
YJIEHOB 00BEKTa, Ha KOTOPBI OHU cchinatoTcs. PaccMoTpum crienytonuit mpumep.

template <class T>
class SmartPtr
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t
public:
T* operator->() { return pointee_; }

};
class Foo
{
public:
void ConstFun() const;
void NonConstFun();
};
SmartPtr<Foo> sp;
sp->ConstFun(); // Bbi3biBaeT onepatop ->,
// a 3aTteM — ¢yHKUM ConstFun
sp->NonConstFun() // Bbi3biBaeT onepaTtop ->,
// a 3aTteMm — ¢yHKUuM NoncConstFun

Hnst oberx (yHKUMI BbI3bIBAETCS OAMH U TOT Xe orepaTtop ->. CieaoBaresibHO, UHTEIEK-
TyaJibHBIM yKa3aTeib HE MOXET pelliuTb, MpuMeHsTh ctpareruto COW unu HeT. BbI30BbI
(byHKUMIT 00beKTa MHOTrIA BBIXOAST 32 PAMKU BO3MOXHOCTEN MHTEJUIEKTYaJIbHBIX yKa3aTe-
Jieit (B pazaene 7.11 mosicHsieTcs1, Kak KIJIIOUEBOe CIOBO CONst BAMSIET HA WHTEJJIEKTyaJIbHbIE
yKazareau U OOBEKTbI, HA KOTOPbIE OHU CChLIAOTCS).

B zaximoueHue otmetum, uto ctpareruss COW Haubosnee addekTuBHa TIpU ONTUMU3A-
LIMU TIOJHOLIEHHBIX KJIACCOB. MHTEIeKTyallbHble yKa3aTelu HaXOOATCs Ha CIMIIKOM HM3-
KOM YpOBHE, YTOOBI MPUMEHSITh K HUM KOIMpPOBaHWE TIpM 3amucu. PasymeeTcs, OHU, B
CBOIO OYeEpellb, MOTYT MPEACTABISATh COOOW XOpOUIME CTPOUTENbHbIE OJIOKU ISl peanu3aluu
crpaterun COW B kakoM-HUOYIb IPYrOM KJjacce.

7.5.3. NMoacyert ccbinok

IMoncuer cepiok (reference counting) — HamOosiee pacrpoCTpaHEHHAs! CTpATerusl BIaACHUS
00BEKTOM, MCIONb3yeMasl MHTEJUIEKTYaIbHBIMU yKazareasiMu. B pamkax 3Toil cTpareruv rnpous-
BOJMTCS TOJACYET MHTE/UIEKTYyalIbHBIX yKazaTesieil, CCbUIAIOIIMXCS Ha OIMH U TOT XK€ OOBEKT.
Korna nx Komm4ecTBO CTAHOBUTCSI PABHBIM HYJIIO, OOBEKT YHUUTOXAETCS. DTa cTparervs pabora-
€T OYeHb XOpOIlO, €C/IM He HapyIIaloTCs HECKOJbKO MpaBUJ — HaNpuUMep, Ha OIMH U TOT XXe
OOBEKT HE IOJDKHBI CChLIAThCSI U OOBIYHBIN, U MHTEJUIEKTYaTbHBIN yKa3aTesu.

CueTunK CChUJIOK JTOJDKEH OBbITh JOCTYIEH BCEM WHTE/UIEKTYyaJbHBIM yKa3aTelsiM. DTo
MPUBOAUT K CTPYKType, U300pakeHHOW Ha puc. 7.2. Kaxablil MHTeNIeKTyalbHbI yKa3a-
T€Jb, KPOME CaMOro OObEKTa, XpaHUT yKa3aTeJlb Ha CYETUYMK CChUIOK (TepeMeHHylo pRef-
Count_ Ha puc. 7.2). OObIYHO 3TO MPUBOAUT K YABOCHHUIO pa3Mepa WHTEJUIEKTyalbHOTO yKa-
3aTelisl, UYTO MOXET OKa3aThCsl HEeXeNaTeTbHbIM.

Cy1iecTByeT ellie OAMH BOMPOC, CBA3aHHBIN C pacXxoJoM pecypcoB. MHTelIeKTyaabHble
yKaszaTeju C TOACUETOM CChLIOK JOJXKHBI XPAaHUTh B AUMHAMUYECKOW MaMSITU CUYETUYMK CChI-
Jok. [IpobieMa 3akiroyaeTcsi B TOM, YTO BO MHOIMX peaqu3allvsix MEeXaHU3M pacripenesie-
HUSI IMHAMWYECKOW TaMSTH, MPETyCMOTPEHHBIN O YMOJYaHUIO, padOTaeT MOBOJIbHO MeEJ-
JIEHHO U Hed((dEKTUBHO UCMOJb3yeT MaMsITh MPU BbIACJECHUU €€ 1 HEOObIINX 00BHEKTOB
(rnaBa 4). (O4yeBMIHO, CYETUYMK CCHUIOK, OOBIYHO 3aHUMalolMil 4 GailT, ciemyeT CUuTaTh
HeOOJNbIIMM 00BeKTOM.) TToTepsi CKOPOCTH MPOMCXOAUT M3-3a MEJIEHHOrO ajiroputMa Io-
MCKa TOCTYMHBIX YY4acTKOB MaMATH (chunks), a 3aTpaThl maMsTH BbI3BaHBI HEOOXOAMMOCTBIO
XpaHUTb MHGOPMALIMIO O KaXIOM TaKOM y4yacTKe.
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OTHOCHTENIbHBII Tepepacxo MaMsITH MOXKET YaCTHYHO KOMIICHCHPOBATHCS COBMECTHBIM
XpaHEHUEM yKa3aTelld M CYeTYMKA CChIIOK, KaK TMoKa3aHo Ha puc. 7.3. CTpykTypa, n3obpa-
JKEHHasi Ha puc. 7.3, MO3BOJISICT COKPATUTh pPasMep MHTEIUIEKTYyalbHOIO yKaszarelssl A0 pas-
Mepa OOBIYHOTO yKaszaTessl, HO 32 CYeT CKOPOCTH IOCTyIa: OOBEKT, Ha KOTOPBIN CCHUIACTCS
HMHTEJUICKTYaIbHBII yKa3aTelb, CO30aeT MOMOJIHUTEIbHBIA YPOBEHh KOCBEHHOM ampecaliyi.
DTO HOBOJBHO 3HAYMTEJBHBIN HEIOCTaTOK, ITOCKOJIBKY OOBIMHO MHTEIUIEKTYaTbHBIC YKa3aTe-
JIX WCIIOJIB3YIOTCS HECKOJIBKO Pa3, a CO3MAI0TCS M YHMUYTOXKAIOTCS — JIMILD OXHAXIIBL.

> 06bexT
pointee_
pRefCount_
pointee_

pRefCount_ >
—

pointee_

pRefCount_

Puc. 7.2. Tpu unmennsekmyanbHuiX yKa3amens, CColAAHOUUXCA
Ha 00uH u mom dxce 00seKm

pointee_ »
SPImpl O6bexT
pointee_ | pObj_
refCount_=3
pointee_

Puc. 7.3. Anomepnamuenas cmpykmypa ykazamenei ¢ n00CHemom cCbiA0K

DddexkTrBHEE BCEro XpaHUTh CYETYMK CCHUIOK B CAMOM OOBEKTE, Ha KOTOPBI CcChbUlaeT-
Csl MHTEJUIEKTYyaJIbHBIN yKaszaTelslb, KaK Mmoka3zaHo Ha puc. 7.4. Takum oOpa3oM, 0OBEKT Kiia-
ca SmartPtr OyoeT MMeTb pa3Mep OOBIYHOTO yKasaTessl, U JOMOJHUTENbHBIX 3aTpaT MaMsTH
He OyJeT COBceM. OTOT TPUEM Ha3bIBACTCS GHEOPeHHbIM hnodcuemom cculaok  (intrusive
reference counting), MOCKOJbKY CUETUMK CCbUIOK “BHEApsieTCS” B OOBEKT, XOTSI CEMaHTHYe-

188 YacTb Il. KOMNOHEHTHI



CKM OH OTHOCHUTCA K MHTCJUICKTYaJIbHOMY YyKa3aTCJlIo. Ero HazBaHme HamoMmMHaeT Takke 00
aXUJIJIECOBOU IISIT€ 3TOrO npueMa: ajid peajiusaliluu TaKOM CTpaTerum HY>XKHO MO,I[I/I(i)I/IHI/IpO-
BaThb KJIaCC, KOTOPOMY INPUHAIJICXKUT OOBEKT.

pointee_

pointee_ > 06bekT
refCount_=3

pointee_

Puc. 7.4. Bredpennulii nodcuem ccolaok

OO0OOIIeHHBI WHTEJUICKTYaIbHBIM yKa3aTelb NOJDKEH IPU IEPBOM BO3MOXHOCTH HC-
ITOJIb30BaTh BHEAPEHHBIM IMOACYCT CCHUIOK, a OOBIYHYIO CXEMY IIOACYETa CCHUIOK CJIEAyeT
paccMaTpuBaTh B KaueCTBE MPHUEMJIEMOM ajbTepHATUBBI. JlJIs1 peaim3amvi OOBIYHON CXEMBI
MTOJCYETa CCBUIOK OYEHb yIOOHO IMPMMEHSTh MEXAaHM3M paCIIpEeIe/ICHUs IMaMSTH OIS He-
GOJNBIIX OOBEKTOB, ONMMCAHHBINA B TJaBe 4. OH MO3BOJISIET CHIKATh JOIOJHUTEILHBIC 3a-
TPAaThl, BEI3BAHHbBIE HEOOXOIMMOCTHIO XPAHUTh CYETYMK CCHUIOK.

7.5.4. CBasbiBaHUe CCbIJIOK

Ha camoMm gnese HET HMKAKOW HEOOXOAMMOCTH TOICUYMTHIBATh MHTEJUIEKTYalbHbIE yKa3a-
TeJW, CChUIAIOLIKMECST Ha OOWH W TOT Xe OO0ObeKT. HyXHOo jiulub ompenensitb, KOrga 3TOT
CYETUYMK CTAHET PaBHBIM HYIIO. DTO MPUBOAUT K WAee “crucka BiameblieB” (ownership
list), moKasaHHOro Ha puc. 7.5, U cTpaTernu CBA3BIBAHUS CCBHLIOK.

Bce o0bexThl Kilacca SmartPtr, ccblialollnecsl Ha 3aaHHBII 0OBEKT, 3aHOCSTCS B JBa-
KIbI CBSI3aHHBIN cricoK. HoBbIN 00beKT Kiiacca SmartPtr, co3naBaeMblii HA OCHOBE CYIlE-
CTBYIOLIETO, J00aBJsIETCS B CIMCOK, a JECTPYKTOpP 3TOro Kjacca yAajaseT YHUYTOXEHHbIE
00beKThl U3 crucka. Korma crnmucok CTaHOBUTCS MYCThIM, OOBEKT yHaISIeTCs.

CTpyKTypa ABaXJbl CBI3aHHOTO CIKMCKA UAEATbHO MOAXOAUT JJIsI OTCIAESXKUBAHUS CCHUIOK.
HMcrnonb3oBaTh OMHOCBA3HBIN CIMCOK HEBO3MOXHO, TMOCKOJIbKY yIaJeHWe 3JeMEHTa U3 Ta-
KOTO CIKCKA 3aHUMAaeT JIMHEHOoe BpeMsi. BekTop MpMMeHWUTh Hesb3sl, TaK KaK OOBEKThI
Kj1acca SmartPtr He 3aHMMAIOT CMEXHbIE YYaCTKU MaMsATH (M Ha yAaJeHUe 3JeMEHTOB U3
BEKTOpa TakXe TPaTUTCS JuHeiHoe BpeMs). Ham HyxXHa CTpykTypa, B KOTOpOil ynajieHue u
BCTaBKa 3JIEMEHTOB, a TakKe IMPOBEpKa 3aroJHEHHOCTH 3aHMMAau Obl OJMHAKOBOE BpEMS.
EnvHCTBEHHOM CTPyKTYpOU, yIOBIETBOPSIOLIEH 3TUM TPEOOBAHMSIM, SIBJISIETCS IBAXKAbl CBSI-
3aHHBIA CITUCOK.

B peanuszaumu crpatervu CBS3bIBAaHUSI CCBHIJIOK B KaXIOM OOBEKTE Kiacca SmartPtr
XpaHSITCS 1Ba JIOTIOJHUTENIbHBIX yKa3aTessi — Ha CJIEAYIOIIUN U Ha TIPEAbIAYIIIA 3JIEMEHTHI.

1 MexaHusMm cBs3bIBaHUS cCbUIOK omucaH Pucro Jlankunenom (Risto Lankinen) B dopyme Usenet
B HOs10pe 1995 rona.
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pointee_
prev_ next_
>
¢ pointee_ > 06bekT
Ll
»
_ »
prev_ next_
pointee_
prev_ next_

Puc. 7.5. Cesasvieanue ccoiiox

[Mpenmy1uecTBO CBSA3bIBAHUSI CCHLIOK IMEpel UX MOACUYETOM MPOSIBSIETCS B TOM, UTO MPU Tep-
BOM CITOCOOE He TpeOyeTcsl JTOMONHUTEIbHAS TaMATh. DTO JIeJIaeT CTpaTervio Oojiee HameXKHOM.
CozaHve MHTEJUIEKTYaTbHOTO yKa3aTesisl CO CBA3bIBAHUEM CChUIOK BCeraa padoTaeT 0e30TKa3HO.
Hemocratkom 3TOl cTpateryu sIBIsIeTCsl TOT (DaKT, YTO MPU CBA3BIBAHWUM HEOOXOMMMO OOJIbIIIe
MaMsITU ISl perucTpalu (TpU yKasatesisi BMECTO OIHOTO TUTIOC OfHO liesioe urcio). Kpome To-
TO, TIONCYET CCHUIOK BBITTOJHACTCS HEMHOTO ObICTpee — TPY KOMMPOBAHWUU WHTEJICKTYaJIbHOTO
yKa3zareJisi HeoOXOaMMa TOJIBKO OfHAa KOCBEHHasl afapecaliusl U OfHa Orepaiisl MHKPEMEHTALIUH.
VYIpaBieHre CMCKOM TakKe HEMHOTO CloXHee. B 3akimoueHue OTMETUM, YTO CBSI3bIBAHUE CChI-
JIOK CJIeAyeT TTPUMEHATDh TOJBKO TP HEAOCTaTKe TMHAMUUYECKON MamMsATh. B MpoTHBHOM ciydae
MPEANOYTHUTEIbHEE UCTIONIb30BaTh MOICYET CChUIOK.

3aBepiasi oOCYyXIeHUE CTpaTeruii YIpaBJIeHUsI CChIIKaMU, oOpaTMM BHUMaHHWE Ha WX
CYLIECTBEHHbI HEJIOCTATOK. YTMpaBieHHWEe CChIIKAMU — C MOMOIIbIO MOJACYETa WK CBS3bI-
BaHUSI — TMPUBOAMT K YTEUKE DPECypcoB, TaK Ha3blBaeMoil yukauueckou ccoiike (cyclic
reference). IlpencraBbTe cede, YTO OOBEKT A COAEPXKUT MHTE/UIEKTYaJIbHbBIM yKa3zaTeab Ha
00BEKT B, U, HAOOOPOT, — B 0OBEKTEe B XpAaHWUTCS WHTEJUIEKTYabHBIN yKa3aTelb Ha OOBEKT
A. OTu nBa 00beKTa O00pa3yloT LUMKIMYECKYIO CCbUIKY. Jlaxe eciu Bbl HE HCMOJb3yeTe 3TU
OOBEKTHI, OHM CaMM JPYT Apyra MCIoyb3yloT. CTpaTeruu ymnpaBieHUs] CChUIKAMU HE CITO-
COOHBI pacro3HaBaTh TaKME€ CUTYallUM, U 3TU JIBa 00bEKTa OCTAHYTCSl B TMHAMUYECKON Ma-
MSTH HaBceraa. LIMKIIBI MOTYT pacipoOCTpaHSIThCS Ha HECKOJIBKO OOBEKTOB, CO3MaBast MEXKIY
HUMU CBSI3U, KOTOPbIE OYE€Hb TPYIHO OTCJIEAMTD.

Hecmorpst Ha 3TO, ympaBieHWE CChIKAMU TIPEICTaBIsAeT COOOM HAmeXHYIO M OBICTPYIO
CTpaTeruio BiafeHust oobekTaMu. Eciau MpuMEHsITh ero ¢ HeOOXOAMMBIMU MPEIOCTOPOKHO-
CTSIMM, OHO 3HAYUTEJIbHO OOJIeryaeT pa3paboTKy MPUIIOKEHUIA.

7.5.5. Paspywaroujee konupoBaHue

Pazpyiatoniee konupoBaHue (destructive copy) — 3TO UMEHHO TO, O YEM Bbl MOAYMAJIU:
BO BpeMsl KOTIMPOBAHUSI OPUTMHAJI yHUUYTOXaeTcs. Paspyiaoliee KonmvpoBaHUE yHUUTOXA-
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€T OPUTUHAJIbHBIM yKa3aTelb, MepeaaBas OObeKT, Ha KOTOPBIM OH CCHUIAJICS, IPYroMy WH-
TeJIEKTyabHOMY yKa3zaTesto. B 11abioHHOM Kiacce std: :auto_ptr NpUMeHsIETCs] UMEHHO
3TOT BUI KOTIMPOBAHUSI.

OmnacHocTb 3TON cTpareruu odeBuaHa. HemnpaBuiabHOe paspyliiaioliee KOMUpOBaHUE
MOXET YHUUTOXUTH JaHHBIE, IIPOTpaMMy W Ballly PeryTaluio MporpaMMUCTa.

DTy cTpaTeruio ciiefyeT NMPUMEHSITb TOJBKO B TOM cllyyae, Koraa B KaXIblii MOMEHT
BpeMEHM Ha JaHHBIA OOBEKT CCHUIAETCSI TOJBKO OIWH WHTEJUIEKTYaJdbHBIN yKazaTesib. Bo
BpeMsl KOMMPOBAaHUSI UM MTPUCBAMBAHUSI OMHOTO MHTEJIEKTYyalbHOTO yKa3aressl Ipyromy “B
JKUBBIX” OCTaeTCsl TOJNBKO PE3yIbTUPYIOLINM yKa3aTelb, a OpuruHain ooHyssercss. Huxke mo-
Ka3zaHbl KOHCTPYKTOP KOIMPOBaHMSI U OIepaTop NMpHUCcBavBaHUs MIPOCTOro Kjacca SmartPtr,
JNIEMOHCTPUPYIOIIINME pa3pyllaolnee KOMUpOBaHUE.

template <class T>
class SmartPtr

public:
SmartPtr(SmartPtr& src)

pointee_ = src.pointee_;
src.pointee_ = 0;

SmartPtr& operator=(SmartPtr& src)
if (this != &src)
{

delete pointee_;
pointee_ = stc.pointee_;
src.pointee_ = 0;

}

return *this;

};

IMo npaBunam sizbika C++ B IpaBoii 4acTM KOHCTPYKTOpa KOMUPOBAaHUSI M oleparopa
npucBanMBaHuUsA OOJDKHaA CTOATH CChbLIKA Ha KOHCTAHTHBIN OOBEKT. KJIaCCI)I, peaIn3yromme
paspyliaromee KONmMpOoBaHME, HapyllaloT 3TO IIPpaBHMJIO II0 OYECBUIHLBIM IIPpUYHMHAM. I1o-
CKOJIBKY ITpaBuJjia A3bIKa OCHOBAHbI HaA PE30OHHBIX COOGpa)KCHI/IHX, OT MX HapyumCHHA HCJIb34
O0XWJaTh HUYETO XOpollero. JeidcTBUTEbHO, PACCMOTPUM CIECAYIOIIUI TIpUMeEp.

void Display(SmartPtr<Something> sp);

SmartPtr<Something> sp(new Something);

Display(sp); // YHMUYTOXaeT 0b6bLeKT sp
Hecmotpst Ha TO yTO hyHKIMS Display He MpeacTaBiIsieT OMaCHOCTH JJISI CBOETO apryMeHTa
(TpUHMMas ero Mo 3HaA4eHUI0), OHa NENMCTBYET KaK BONOBOPOT: BCE MHTEUIEKTYyaJIbHbIE YKa-
3aTesid, MoMaBlliie B Hee, TOHYT 0e3Bo3BpaTHO. [locie BwI3oBa Display(sp) ykaszareiab sp
XpaHUT HYJIEBOK aapec.

ITockonbKy MHTEJUIEKTyaIbHbIE YKa3aTeslv, peau3ylollye CTpAaTernio pa3pyliaioliero Korm-
pOBaHUsI, HEe MOANESPKMBAIOT CEMAHTUKY 3HAYEHUIA, MX HENb3s XpaHUTh B KOHTEHepax U BOOO-
1lIe ¢ HUMM HYKHO OOpPallaThCS MOYTH TaK K€ OCTOPOXKHO, KaK U ¢ OOBIYHBIMM YKA3aTeJISIMMU.

B03MOXHOCTb XpaHUTb MHTE/UIEKTYaJbHbIE yKa3aTeJu B KOHTEMHEpe Ype3BbIYaiHO Bax-
Ha, IIOCKOJIbKY KOHTEHHEPHI, COCTOSIINE M3 OOBIYHBIX yKa3aTelel, O4eHb YCIOXHSIOT pPyd-
HOe yrpabjieHue BiageHueM. OQHAKO MHTE/UIEKTYaJbHbIC YKa3zaTelu, peaiM3ylollue CTpa-
TETUIO Pa3pylIaloNiero KOIMMPOBAHUS, IJISI 9TOTO HE IOIXOMIST.
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C npyroii CTOpPOHBI, MHTEJJICKTYaJlbHbIC YKa3aTelld, peau3ylollue CTPaTeruio paspy-
1IAIOUIETO KOMUPOBAHUSI, UMEIOT Psii TPEUMYILECTB.

e OHU TOYTHU HE TPaTAT JTONOJHUTEIBbHOM MaMSTH.

e OHM yAOOHBI 15 TlepelauM BialeHUsl IpyroMy ykKaszatesto. B aToMm ciyyae Mcnonb3y-
ercs “addeKkT BogoBopoTa”, ONMMCAHHBIN BEIIIE.

e OHM ynoOHBI B KavyecTBe BO3BpalllaeMoro (pyHkuueit 3HaueHust. Ecnu B peanmusanum
MHTEJUIEKTYaJIbHOIO YKa3aTeJisd MCIOJNb3YeTCs OIPeNeIeHHbIA TPIOK?, MOXHO BO3-
BpalnaTh 13 QYHKIHWI WHTEUICKTYaIbHbBIC YKa3aTeJdu ¢ pa3pylialolliM KOMMPOBAHM-
eM. TakuM o6pa3oM, MOXHO OBITb YBEpEHHBIM, YTO €CJM B BBHI3BIBAIOLEM MOJIYJIC
BO3BpalllacMoe 3HaYCHKE He MCITOJb3YETCsl, OHO YHUUYTOXKAETCS.

e Onu NPEBOCXOAHBI B KAa4Y€CTBE INCPEMCHHLIX CTEKa B (I)YHKL[I/IHX, BO3Bpallarolmnx
3HAYCHMSI HECKOJIbKMMU CIIOCO0aMMU. HpeIIHpI/IHI/IMaTI) MEPHBI IJIs1 YHUYTOXKCHU A 00b-
€KTa, Ha KOTOprfI CChLIacTCsAa I/IHTCJ'I.J'[CKTyaJ'[I:HHﬁ yKasarte€iib, Heo0s13aTeJIbHO — OH
caM 9TO cAejacT.

CTpaTCl"I/IH paspymiaromero KOoInMpoBaHHA  HUCIIOJb3YETCd B CTaHOAAPTHOM  KjiaCce
std: rauto_ptr. DTO co3maeT TOMOIHUTEIHLHOE NPpEUMYLIECCTBO.

e MHutenmnexkryanbHbIe yKazaTeu, 00JjamalolIie CEMaHTUKOW pa3pyllalolero KOmupo-
BaHWUSI, SIBJISIIOTCSI €TMHCTBEHHBIM CTaHAAPTOM. DTO 3HAYMT, YTO MHOTME MPOTrpaMMu-
CTBhI PAaHO WJIW TIO3IHO CTaHYT WX MCITOJb30BaTh.

[lo atMm MpUYMHaAM peaau3alusg Kjacca SmartrPtr OOJKHa NpeaycMarpuBaTb JOIOJHU-
TCJIBbHYIO MOAACPXKKY CEMAaHTUKHU pa3pylIaroliero KornmpoBaHUs.

I/IHTGIUICKTyaJII)HI)IC yKas3aTte/in UCIOJb3YIOT Ppa3HbIC CTPATCIrMn BJIAACHUA, KaXaasa U3 KO-
TOPBIX UMECT CBOM AJOCTOMHCTBA M HCOOCTATKH. K Haubonee BaxXHBIM IIpu€MaM OTHOCATCA
FJIy60KO€ KOIIMPOBAHUE, IMOACYET CCBLIOK, CBA3BIBAHUE CCHLJIOK M pa3pylaroiiecc KOIIMpoBa-
Hue. Kimacc SmartPtr pPe€aIn3yeT BCEC OTU Croco0Obl B BUIIE cTpareruu owne rshi p, MMO3BOJIAA
CBOMM I10JIb30BaTCJIAM BLI6HpaTb 13 HuX Haubojee rmomxoxsammii. [1o YMOJYaHUIO IIpEajia-
rac€tcd cTparerusa noacyera CCbUIOK.

7.6. Onepartop B3TUA agpeca

CrpeMsich caenaTb UHTeJUIEKTYyalbHbIe yKa3aTeI MaKCUMAaJIbHO MOXOXUMU Ha MX OObIYHBIE
MPOTOTUITBI, pa3pabOTUMKK HATOJKHYJIMCh Ha HE3aMETHBIN TeperpyXaeMblii YHApHbIN OrepaTop
&, i onepamop e3amus adpeca (address-of operator)3.

ITporpaMMuCT, peaiu3yrOLIMii WHTEJUIEKTYaJIbHbIE YKa3aTesd, MOXET MepPerpy3uTb 3TOT
orepaTop CJeIyrluM 00pa3oMm.

template <class T>
class SmartPtr

{

public:
TH* ope rato r&()
{

return &pointee_;

2 Nzo6perennsiii I'perom Komsunom (Greg Colvin) m Bummom T'm66orcom (Bill Gibbons) mmst
CTaHIAPTHOTO MHTEJUIEKTYaIbHOTO yKaszareas std: :auto_ptr.

3 Vuapuwii onepatop & cienyeT oTIMYaTh OT GMHAPHOTO oreparopa &, MPeACTABISIONEro coboii
nobuToBbIi onepaTop AND.
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1
[Tomumo Bcero npoyero, €cin I/IHTCJUIEKTyaJ'[bHHﬁ yKasaT€jb OOJLKCH MMUTUPOBATb 00BIY-
HBIN yKasarteJjib, TO €ro aap€C MOXHO 3aMCHATH aIpe€COM O6I)I‘{HOI‘O ykKasareJjid. B 9TOM ClJ1y-
Yyae CTAaHOBUTCSI BO3MOXHON cjeayroigas rneperpy3ka oreparopa.

void Fun(widget** pwidget);

SmartPtr<widget> spwidget(...);
Fun(&spwidget); // Bbi3biBaeT onepaTop & M nonyyaeT ykasaTesb
// Ha yKasaTelb Ha obbekT Knacca Widget

Ha nepBbIit B35 ObLI0 OBl 3aMevaTeIbHO UMETh TTOJIHYI0 COBMECTUMOCTb MHTEJUIEKTY-
aJTbHBIX U OOBIYHBIX yKa3aTesiel, OJHAKO Meperpy3ka yHapHOro oreparopa & OTHOCUTCS K
TE€M OCTPOYMHBIM TPIOKaM, KOTOPbIE MIPUHOCST OOJIbllie Bpeaa, YeM IMOJIb3bI.

Ectb nBe mpuumMHBI, 1O KOTOPBIM Teperpy3ka yHapHoro onepatopa & ornacHa. [lepsas 3akimo-
YyaeTcs B TOM, UTO SIBHOE OIpeaesieHue aapeca 00beKTa, Ha KOTOPbIN CChUIAETCS MHTEJUIEKTYalb-
HBIA yKa3aTesb, OTHUMAET BO3MOXHOCTHA aBTOMAaTW4eCKOro yrpasieHus BiaaaeHuem. Eciv mosb-
30BaTe/ib UMeeT CBOOOJHBIN MOCTYN K aapecy ykasartess, Jitobas BCIIOMOrarefibHasi CTPYKTYpa,
coJiepKallasicsl B MHTEJUIEKTYaTbHOM yKazaTesie, HallpuMep, CYETYMK CChUIOK, CTAHOBUTCS Hepa-
6otocriocobHoi. Ecnmu mosb3oBaresib HEMOCPeCTBEHHO OMNEepUpYyeT alpecoM OObIMHOTO yKa3aTte-
JIs1, UHTEJUIEKTYaJTbHBIN yKa3aTeslb CTAHOBUTCS MTOJTHOCTBIO HEYIPaBIISIEMbIM.

Bropas mpuuuHa Gosiee parmaTuyHa. Jleso B ToM, 4TO Teperpy3ka yHapHOTO oreparopa
& nenaeT HEBO3MOXHBIM MCITOJb30BAHWE WHTEJUIEKTYaJIbHOTO yKas3aTeslsl B COYETAaHUU C
KOHTeHepaMn M3 CTaHAAPTHON OMOIMOTEKW I1abMoHOB STL. PaKTMUeCKW meperpyska
YHapHOro orepatopa & He MO3BOJISIET MPUMEHSTh O00OIIEHHOE MPOrpaMMUPOBAHUE, TO-
CKOJIBKY ajipec J000ro o0beKTa — CIMIIKOM BaXKHOE CBOMCTBO, YTOOBI TaK MPOCTO C HUM
oOpaiarbesi. B GonblinHCTBE 0000IIIEHHBIX KOMOB MpPEIoaraeTcs, 4To NpuMeHeHue ore-
patopa & K o0beKTy Tuna T BO3BpalllaeT 00bekT Thmna T*. Kak Buaum, onepaTtop B3sAITUS aj-
peca mpeacTaBisieT coboil yHIaMEHTAIbHOE TOHSATHE O0O0OIIEHHOTO MPOTrpaMMUPOBAHMUS.
Ecnau um npenedpeub, 00001IEHHBIN KO OyaeT BecTh cedsl CTpaHHO KaK Ha 3Tare KOMITHU-
JISIUMU, TaK U (4TO HAMHOTO XyK€) BO BPEMsI BBITIOJTHEHUsI MPOTPAMMBI.

Takum oOpa3om, meperpyxarb YHapHbIi orepaTop & U MHTEJUIEKTyaJIbHBbIX yKa3aTeaen
1 BOOOIIIE s JIIOOBbIX O0OBbEKTOB HE PEKOMEHJYeTCs, MO3TOMY B Kjlacce SmartPtr yHapHBIN
orepatop & He Meperpyxaercs.

7.7. HesiBHOe NpuBegeHue K Tunam oObIYHbIX yKa3aTtenen

PaccmoTpum crnenyroiuii Ko,
void Fun(Something* p)

SmartPtr<Something> sp(new Something);

Fun(sp); // NpaBuWnbHO WM HeT?
Ckomnunupyetrcss 3T1oT Koia wiau Her? [lo mpuHummny “makcuManibHOW COBMECTUMOCTH”
MpaBWIbHBINA OTBET — “ma”.

C TeXHUYECKOW TOYKM 3peHHsl CAeNaThb MPUBEAEHHBIN BbIIIe KOA KOMITMIMPYEMbIM OYEHb
Jierko. JIjist 3Toro J0CTaTOuHO BBECTH TTpeoOpa3oBaHue, OMPeAeIeHHOE MOIb30BaTEIEM.

template <class T>

class SmartPtr

{
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public:
operator T*() // NpuBeaeHue K Tuny T%*,
// onpepaeneHHoe nosib3oBaTeseM
{

}
1

OpHako 3To ellie He Bce.

IIpeobpa3oBaHUsT TUIIOB, OIpeAcICHHBIE ITOJB30BaTEIeM, MUMEIOT BeChbMa WHTEPECHYIO
nucropuio. B 1980-x romax, koraa OHMW BI€pBble MOSIBUIMCH B s13bike C++, OOJBILIMHCTBO
MPOTPAMMUCTOB CYUTAIM WX OTPOMHBIM JOCTVKeHWeM. OHM TO3BOJISIA pa3pabaThiBaTh
€MHOOOpPa3HbIE CUCTEMbl TUIIOB, MOBBIIIATH BbHIPA3UTEIHHOCTb CEMAHTUKU U OMPENeNsTh
HOBBIC THUITBI, OTJIMYAIONIMECS OT BCTPOEHHBIX. OMHAKO BIOCIECACTBUU OKa3ajJoCh, YTO Tpe-
oOpa3oBaHMsI TUIOB, OMpeAeSeHHbIE MOJIb30BaTeNeM, HEYIOOHbl U MOTEHLUATbLHO OIMACHbI.
OHM MOTYT CTaTh OIMACHBIMU OCOOCHHO TIPU paboTe ¢ NeCKPUIITOPAMM BHYTPEHHMX TAHHBIX
(Meyers, 1998a, Item 29). UMeHHO 3TO MPOUCXOAUT C TUIIOM T* B MPUBEJACHHOM BbIllIe KO-
ne. Bor moueMy ciemyeT XOpOIIeHBKO IMOAyMaTh, MpeXkIe YeM OOMYyCKaTh aBTOMAaTHYeCKOe
npeobpa3oBaHUe MHTEIEKTYabHbIX yKa3aTeseil B Balleil mporpaMmMe.

OpHa W3 TIOTeHIMATBHBIX OITACHOCTEN TPOMCXOAUT OT HEKOHTPOJIMPYEMOTO JIOCTyIa
MOJIb30BaTENIs K OOBIMHOMY YKaszaTeslo, KOTOPbIi CKPBIT BHYTPU MHTE/IeKTyaabHoro. Iepe-
Jlaya OOBIYHOTO yKa3aTesIsl BO BHEIIIHIO Cpely HapyllaeT BHYTPEHHIO PaboTy MHTEIUIEKTY-
IbHOTO yKaszaTesisl. BbIpBaBUIMCH M3 CBOEil 000JIOUKU, OOBIUHBIN yKazaTelb MOXET JIETKO
CTaTh Yrpo30il 1T HOPMAJIbHOTO (DYHKIIMOHMUPOBAHUS ITPOTPaMMBbI, KaK 3TO OBLJIO IO TOSB-
JIEHUSI MHTEJIJIEKTYalbHBIX yKa3aTesei.

Hpyras oImacHOCTb WCXOAWUT OT HEIPEeIBUICHHOTO BBITIOJTHEHMS MpeoOpa3oBaHUi, OIpe-
JIEJIEHHBIX TOJIb30BaTeIeM, laxke KOrja OHU COBEPIIEHHO He HYXXHbI. PaccMoTpuM criemyio-
LM TIpUMeEp.

SmartPtr<Something> sp;

return pointee_;

// Tpybasa cemaHTuyeckas owwubka.

// OAHAKO KOMMUNATOP ee He pacno3HaeT

delete sp;

Komnuiisitop conocrapnsieT orneparop delete ¢ npeodpa3oBaHueM K TUIY T*, onpenejeHHbIM
roJib3oBatesieM. Bo BpeMsl BBITIOJTHEHHUSI TPOTpaMMBbI BBI3BIBAETCS OIIEpaTop T*, U K pe3y/IbTa-
Ty ero paboThl npumMeHsietcsl onepaTop delete. OUeBUAHO, 3TO COBEPUIEHHO HE TO, UTO Tpe-
OyeTcsl OT MHTEJUIEKTYaJIbHOTO yKa3aTessl, TTOCKOJIbKY TPEIIToiaracTcsl, YTo0 OH caM YITPaBJIseT
npaBaMM BiaaeHusl. JIMIIHUI U HeMpeaHaMepeHHbIN BbI30B onepaTopa delete HapyluaeT BCio
TIIATEJIbHO OTIaKCHHYIO CUCTEMY YIpaBJICHUs TpaBaMM BIaACHUS, CKPBITYIO BHYTPM WHTEI-
JIEKTYaJIbHOTO YKa3aTeJs.

EcTh HecKoJIbKO CITOCOOOB MPEONOTBPATUTh KOMITUJISILIVIO BbI30Ba oreparopa delete.
Hekortopeie 13 HUX 04eHb ocTpoyMHBI (Meyers, 1996). DddekTrBHEe 1 ymoOHee BCEro Cre-
JlaTh BbI3OB omneparopa delete Heodnoznaunbim (ambiguous). DTOTO MOXHO ITOCTUYb, MPEIy-
CMOTpEB 06a TIPUBENEHUS] K TUIIaM, pearupylollMx Ha BbI30B orepaTtopa delete. OauH u3
TUTIOB — 3TO CaM THUIT T*, a BTOPBIM MOXET OBITb THUI VOid*.

template <class T>
class SmartPtr

public:

operator T*() // NpuBepeHne Kk Tuny T*,
// onpeaeneHHoe Nosb30BaTeNEM
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{

return pointee_;

}
operator void*() // NobaBnseTcs npueBeseHwe K Tuny void*
{
return pointee_;
}

};
[MpumeneHue onepatopa delete K HMHTE/UIEKTYaJIbHOMY YKaszaTesll0 HeogHO3HauyHo. Kom-
MWIATOP HE CMOXET PelllMTh, KaKoe W3 TpeoOpa3oBaHWi ClIeAyeT BBIMOJTHUTL. MIMeHHO
3TOTO0 MbI U JOOMBAIUCH.

He 3a0biBaiite, yto 610KMpOBKa onepatopa delete — 3TO TOJIBKO YacTh NpobseMbl. OcTaeT-
Csl pellnTh, TPUMEHSTh JIM aBTOMAaTMYeCKOoe Ipeodpa3oBaHUe MHTEIJIEKTYaTbHOTO yKaszaTtessl B
MPOCTOl yKazatesib. PaspeliuTh — CIMILKOM OMacHo, 3aMpeTUTh — O4YeHb Jierko. OKoHYaTesb-
Hasl pean3alus Kjiacca SmartPtr NpenocTaBiIsieT MPOrpaMMUCTY MPaBo BbIOOpA.

OpnHako 3arpeT HEesIBHOTO Mpeo0pa3oBaHUsSl HE O3HAYaeT TMOJTHOTO MCKIIUYEHUS JOCTyma
K OObIYHOMY YKaszaTesto. MHorma Takoil JOCTyn MpocTto HeoOxoauM. CrenoBareibHO, Bce
WHTEJJIEKTYaIbHbIE YKa3aTelu MOJDKHBI OOECIeUMBaTh SGHbIL JOCTYN K CKPBITOMY BHYTPHU
HMX OOBIYHOMY yKa3aTesio ¢ OMOILbIO BbI30Ba (hYyHKIIUU.

void Fun(Something* p)

SmartPtr<Something> sp;

Fun(GetImp1(sp)); // ABHOe npeobpa3oBaHue BCerpa pa3peweHo

Bormpoc 3akitouaercs He B TOM, MOXKETE JIM Bbl TIOJIYYUTh TOCTYIT K OOBIYHOMY yKa3are-
JI0, 2 B TOM, HAaCKOJbKO 3TO JIerKo. MOXeT MokKa3aTbCsl, YTO pa3HULA MEXAY SBHBIM U He-
SIBHBIM TIpe0Opa3oBaHUSIMU HEBEJIMKA, OJHAKO OHa OYeHb BaxHa. HesiBHOe mpeobpa3oBaHue
MPOVCXOJUT HE3aBUCUMO OT MPOrpaMMMCTa, OH MOXET JaXe HUYEero He 3HaTb O HeM. fAB-
HOe TpeoOpa3oBaHue, KakK, HalIpUMeEp, BbI30B (QYHKIIMM GetImpl, BBIMOJHSIETCS OCO3HAHHO,
yIpasisieTcsl MPOTPaMMUCTOM U HE CKPBIBAETCS OT MOJIb30BaTENei MpPOrpaMMbl.

HesiBHOe mpeoOpa3oBaHMe MHTEJUIEKTYaIbHOTO yKaszaTelsiss B MPOCTON yKa3aTeb Xeja-
TeJbHO, HO MHOTAA onacHo. Kiacc SmartPtr npeaocTaBisieT MPOrpaMMUCTy MPaBO CaMOMY
pelarth, AOMycKaTh ero wiu HeT. [lo ymomuaHutio mipemiaraeTcsli 6e30TMacHbIi BapuaHT —
HesIBHOE TpeoOpa3oBaHue 3ampeliaeTcs. SIBHBIN TOCTY K OOBIYHOMY yKa3aTesto BCeria OT-
KpPBIT Yepe3 (pyHKIUI0 GetImpl.

7.8. PaBeHCTBO 1" HepaBeHCTBO

JIro60it TpIoK B s3bIke C++, HampuMep, ONMMCAHHBINM BBIIIE (YMBIIUICHHAsT HEOTHO3HAY-
HOCTb), CO3[aeT HOBBI KOHTEKCT, KOTOPHI B CBOIO OYepelb MOXET MMETh HEOXHUIAHHBIC
MOCIEACTBUSI.

PaccMoTprM TIpOBEpKY WHTEIICKTYaJIbHBIX yKa3aTeJedl Ha PaBeHCTBO M HEPaBEHCTBO.
MHTennekTyanbHblil yKazaTeab AOKEH MOAAEPXKUBATh TAKOM e CMHTAaKCHC MPOBEPKU, YTO
M OOBIYHBIE yKazaTesqu. [TporpaMMUCT OXMIAET, YTO TPUBEIACHHBIE HUXE TPOBEPKU OyIyT
CKOMITUJIMPOBaHbl U BBITTOJTHEHBI.

SmartPtr<Something> spl, sp2;
Something* p;

'H:-(spl) // NpoBepka 1: npsMas npoBepka HeHyneBOro yka3laTens
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if (!spl) // NpoBepka 2: npAMas npoBepka HY/NeBOro ykKasaTtens

if (spl == 0) // NpoBepka 3: sABHasA NpoBepKa HYyNeBOro ykasaTens
if (spl == sp2) // NpoBepka 4: cpaBHeHWe ABYX WHTE/JIeKTYyaslbHbIX yKa3aTenemn
if (spl == p) // NpoBepKa 5: cpaBHeHME C O6bIYHBIM YyKa3aTesem

B sTtoM (bparMeHTe MpOMLTIOCTPHPOBAHBI HE BCe BO3MOXHBIC NPOBEpKU. Peann3oBas mpo-
BEPKY PAaBCHCTBA, MbI CMOXKEM JIETKO IIPOBEPSITh M HEPABEHCTBA.

K coxaneHnio, MexXIy mMpobIeMoil TIPOBePKU PAaBEHCTBA M MPOOJIEMOM MTPEIOTBPAICHUS
KOMIIUJISILIMU ortepaTopa delete cyllecTBYeT CKpbITas cBA3b. Eciu B IporpamMme orpeaese-
HO TOJIEKO OITHO MpeoOpa3oBaHKe, OOJBIMMHCTBO MPOBEPOK (32 MCKIIIOYCHUEM TIPOBEpKU 4)
MPOXOOUT YCIIELIHO, W IPOrpaMMa BBIITOIHSIETCS B COOTBETCTBUU C OXHUIAHUSIMHU IIPOrpaM-
MucTa. EMMHCTBEHHBI HETOCTATOK — BO3MOXHOCTh HENPEIBUACHHOTO NMPUMEHEHUST OIle-
paropa delete K MHTEUICKTYaJbHOMY yKasatemto. Eciv B mporpamMme ompeaeeHbl IBa
npeoOpa3oBaHust (YMBILIUICHHAsT HEOMHO3HAYHOCTh), HEBEPHBIE BHI30OBHI oreparopa delete
pacro3HarTCsI, HO HU OfHA M3 yKa3aHHBIX BBIIIE MTPOBEPOK OOJIbIIe HE KOMITMIMPYETCS —
OHU TaKXe CTAHOBATCSI HEOTHO3HAYHBIMMU.

JomnonMHuTeIbHOE TIpeo0pa3oBaHMe MHTECIUIEKTYaIbHOIO yKasarelsi B OyJIEeBCKYIO IIepe-
MEHHYIO SIBJISIETCS TIOJIC3HBIM, HO HeOe3omacHBIM. PaccMoTpuM criiemyroniee oIpenesicHre
WHTEJUTEKTYaJIbHOTO yKa3aTeJIs.

template <class T>
class SmartPtr

{
public:
operator bool() const
{
return pointee_ != 0;
}
};

qupre YKa3aHHbIC BLIIIEC IMPOBCPKU YCIICIIHO KOMITMJIMPYIOTCsA, HO IMPU 3TOM BbIITOJIHAIOT-
Cd ciaenyronme 0eCCMBICTICHHBIC orepanuuu.

SmartPtr<Apple> spl;
SmartPtr<Orange> sp2; // S610KO U anenbCMH — He OAHO U TO Xe
if (spl == sp2) // 0b6a yka3aTensa npeobpa3oBbiBaNTCA

// B BYNneBCKyW NepemMeHHyl,

// a pe3ynbTaTbl CpaBHUBAKTCH

if (spl = sp2) // To xe camoe
boo]HIE) = spl; // DonycTumas onepauus
if (spl * 5 == 200) // On! WUHTennekTyanbHbLIN yKa3aTenb

// BepleT cebsa kak uenoe 4ucsno!

Kaxk BumuMm, Mbl MOXeM IOJIYYUTh JMOO Bce, b0 Hu4yero. Jlo6aBMB mpeoOpa3oBaHUeE
WHTEJJIEKTYaJIbHOTO yKa3aTessi B OyJIeBCKYI0 TEpEeMEHHYI0, Mbl JOMYCTUIN CUTyallMu, KOraa
00BEeKT Kilacca SmartPtr BeleT cebsi HempaBUJIbHO. TakuM o0Opa3oM, orpelesieHue orepa-
Topa bool /Isi MHTEJUIEKTYaIbHOTO yKa3aTeJsl 0Ka3aJloCh HEpPa3yMHbIM PEIlIeHUEM.
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HcruHHoe, BceoObeMITIONIEE M HAIEXKHOE PEIIeHUE 3TOW MUJIEMMBbI 3aKJII0YaeTcsl B TMOJHOMN
Meperpy3ke BCeX OIepaTopoB MO OTAEAbHOCTU. [Ipy TakoMm Moaxone Bce onepauvy, UMelolue
CMBICTT JUIsi OOBIYHBIX YKa3aTeseil, OKaXyTcsl MPUMEHUMbIMU Y 11 UHTEJJIEKTYaTbHBIX yKa3are-
Jieit 6e3 Kakux-1moo 1moboYHbIX 3(h¢eKToB. BOT Kak MOXHO peasn30BaTh 3Ty UICHO.

template <class T>

class SmartPtr

{
public:
bool operator!() const // HJonyckaeT onepatop "if (!sp)

return pointee_ = 0;

inTine friend bool operator==(const SmartPtr& Tlhs,
const T* rhs)
{

return lhs.pointee_ == rhs;

inline friend bool operator==(const T* 1lhs,
const SmartPtr* rhs)

return lThs == rhs.pointee_;

inTine friend bool operator!=(const SmartPtr& Ths,
const T* rhs)

return lhs.pointee_ != rhs;

inline friend bool operator!=(const T* 1lhs,
const SmartPtr& rhs)

return lhs != rhs.pointee_;

};

Z[a, 9TO HECIIPUATHO, OJHAKO 9TOT IMOAXOHA pEIIacT l'[pO6JIeMI)I, KacCarummecda IMpakKTU4eCKn
BCEX CpaBHCHI/Ifl, BKJIIO4Yass CpaBHCHUE C JIUTCPAJTbHBIM HYJICM. OHCpaTOpH IEPECbIIIKH, CO-
JCpXKaIMeCsa B 9TOM @parMCHTC Koga, mnmepcaaroT Oorneparopbl, KOTOPbLIC KO IT0Jb30BaTCJiA
NPpUMEHACT K MHTC/UICKTYaJIbHbIM YKa3aTeCJIsaM, OOBIYHBIM yKasaTtejasaM, CKPbLITBIM BHYTPU.
DTO camoe pPCAIMCTNUYHOC PCIICHUC.

OpHako mpobsiema pellieHa He MOJIHOCThI0. Eciv B mporpaMmme mpeaycMaTpuBaeTCsl aB-
TOMATUYCCKOC HpeO6paBOBaHI/IC YKa3aTCHCfI, OCTacTCAad pUCK, CBA3aHHBIU C HECOOIHO3HAYHO-
CTbIO TaKOM orepanuu. ﬂ,OHYCTI/IM, Y Hac eCThb KJIacC Base UM KJlacC De r1'ved, HpOI/ISBO,EleIﬁ
OT HETrO. Toma B CJICAYIOLIEM KOOC 6y,IICT CoacpKaTbCAd HCOAJHO3HAYHOCTD.

SmartPtr<Base> sp;
Derived* p;

if (sp == p) {} // oumbka! CywecTByeT HEOAHO3HAYHOCTb Mexay
// npoBepkon '(Base*)sp == (Base*)p' u
// tyHkumen 'operator==(sp, (Base*)p)'
JleiicTBUTENBHO, pa3padOTKa MHTEUIEKTYyalbHBIX yKa3aTeJell — 3aHsATUE He ST CJITabOHEPBHBIX.
Ho u 310 eme He Bce. KpoMe omnpeneseHnsT onepaTopoB == U =, Mbl MOXEM CO31aTh UX
waba0HHble BEPCUN.

template <class T>
class SmartPtr
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{
public:
KaKk M paHblue
template <class U>
inline friend bool operator==(const SmartPtr& lhs,
const U* rhs)
{

}

template <class U>

inline friend bool operator==(const U* 1lhs,
const SmartPtr& rhs)

{

}
1

[l1aGroHHbBIe OMepaTophl BBHIMOJHSIOT CPaBHEHMS C JIIOOBIM TUITOM yKasaTeJeil, yCTpaHsst
HEOIHO3HAYHOCTb.

Ecmu Bce Tak Xopolllo, 3a4eM COXPaHSTh OOBIYHBIC, HE IIA0JOHHBIC OINEepaTophl, pabo-
Talolre ¢ TUTIaMUA OOBEKTOB, Ha KOTOPBIE CCHUIAIOTCST yKazaTeau? DTU orepaTropbl HUKOTIA
HEe TIPOMAYT MPOLEAYPY COMOCTABICHHUSI, TIOTOMY YTO IMAGJIOHBI COMOCTABIISIOT JIIOOBIC THITHI
yKazareseil, B TOM YUCJIe U TUITbI 0OBEKTOB, Ha KOTOPHIE CChUIAIOTCST YKa3aTelH.

OpHako “HUKOrga He roBopu Hukoeda”. Ilpu BbioaHeHUM mpoBepku if (sp == 0)
KOMITUJISITOP TIBITAETCS BBITIOJTHUTD CJIEAYIOIIME COTIOCTABICHUS.

return lhs.pointee_ == rhs;

return lhs == rhs.pointee_;

aHaNorMYHO omnpejesieHHblid onepaTop !=

o [llabaounvie onepamoper (templated operators). OHM HE TMPOXOAST TPOBEPKY, IMO-
CKOJIbKY HYJIb He SIBJISIETCSI TUIIOM YKaszaTesiel. JIuTepaibHbIii HYJIb MOXHO HESIBHO
npeobpa3oBaTh B TUIT yKaszaTejieil, OAHAKO IIa0JIOHHOE COIOCTaBJICHUE HE Tpelry-
CMaTpuBaeT NMpeodpazoBaHUil TUIOB.

o Hewabnonnsie onepamopst (nontemplated operators). MckiouuB 111a0J0HHBIE ONepa-
TOPBI, KOMITWJIATOP TIEPEXOAUT K MPOBepKe HellabJoHHBIX. OOUH M3 3TUX ONepaTo-
POB OKa3bIBaeTCsl MOAXOASIIIMM IOCJe BbIMOJHEHUSI HESIBHOTO Mpeodpa3oBaHMs JIU-
TEepPaJIbHOTO HyJI B TUI ykasarens. Ecim Obl HellaGJIOHHBIX OIEpaTopoB He OBLIO,
MpOBepKa 3aBepluniIach Obl cOOOLIEHUEM 00 OIIMOKE.

HTak, u 1mabaoHHbIe, U HEIIAOJIOHHBIE ONEePaTOPhbl 00UHAKOB0 HE0OX0OUMbL.

ITocMoTpuM Temeph, YTO TMTPOU3OMAET MPH TTOTBITKE CPAaBHEHMS IBYX KJIACCOB SmartPtr,
KOHKPETU3UPOBAHHBIX PA3HBIMU TUIIAMU.

SmartPtr<Apple> spl;

SmartPtr<Orange> sp2;
if (spl == sp2)

KoMmnuiaTop COTKHETCSI HAa 3TOM CPaBHEHUM M3-3a HEOAHO3HAYHOCTHU: B KAXJIOW U3 3TUX JIBYX
KOHKpETU3aluil onpeaesieH orneparop ==, 1 KOMIWISITOp He 3HAeT, KOTOPbIii U3 HUX BbIOpATh.
Mpb1 MOxXeM 130eXxaTh 3TOM MPOOJIEMbI, ONPEACUB “JIMKBUAATOP HEOAHO3HAYHOCTEM .

template <class T>
class SmartPtr
{
public:
// NnKBMaaTOp HEOAHO3HAYHOCTEN
template <class U>
bool operator==(const SmartPtr<U>& rhs) const
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return pointee_ == rhs.pointee_;
// AHANOrM4yHo Ans onepatopa !=

1

HoBblil omepaTop sIBAsSeTCS WiIEHOM KJacca, IpeaHa3HAaYeHHBIM HWCKIIOUMTEIbHO UIS
CpaBHEHMST OOBEKTOB KJIACCOB SmartPtr<...>. [IpeaecTs 3TOr0 MMKBHUIATOpAa HEOTHO3HAY-
HOCTEI 3aK/II0YaeTcsl B TOM, YTO OH CpaBHMBAeT MHTEJJICKTYyaJbHbIE YKa3aTean, KaK OObIu-
HbIe yKazaTenau. Ecim cpaBHUTH IBa MHTEIUICKTYaIbHBIX yKa3aTessl Ha OOBEKTHl KIacCOB Ap-
ple u Orange, Koa OyAeT, IO CYIIECTBY, SKBUBAJEHTHBIM CPaBHEHUIO OOBIYHBIX yKa3aTesei
Ha Kjaccel Apple u Orange. Eciau 3T0 cpaBHeHHME MMEET CMBICI, KOI KOMITMUIMPYETCS, B
MPOTUBHOM CJIyyae BbIIAETCSI COOOIIEHE 00 OIIMOKe.

SmartPtr<Apple> spl;

SmartPtr<Orange> sp2;

if (spl == sp2) // CeMaHTMYEeCKU SKBUBANIEHTHO CPaBHEHWUIO
// spl.pointee_ == sp2.pointee_

Ocrajicst oAuH HETNpUSTHBIM apredakT — HemocpeAcTBeHHass mpoBepka if (sp). Bor
3TO yXe NeWCTBUTENbHO MHTepecHo! OmepaTtop if mpuMeHsIETCS TOJbKO K BBIPAKEHUSIM
apudMeTUUeCKOro Tumna uiau K ykazatenasim. CrieoBaTesibHO, YTOObI CKOMITMJIMPOBATH OMe-
patop if (sp), HyXHO OMNpeneuTh aBTOMAaTUYECKOE MPeoOpa3oBaHNE WHTEJUIEKTYaIbHOTO
yKazaressi B apupMeTUUecKuii TUT WK B OOBIYHbBIN YKa3aTesb.

[MpeoOpa3oBbIBaTH MHTENIEKTYATbHBIN YKa3aTeab B apuMETUIECKUiA TUT He PEKOMEHIYeTCs
M0 TeM K& MPUYMHAM, KOTOpble ObUIM YKazaHbl MPU MPeodpa3oBaHMU B OYJEBCKMil TUI. YKasza-
TeJIb — 3TO He apudMeTrueckuii Tui, v Touka! [IpeodpasoBaHre WHTEUIEKTYaAIbHOTO yKa3aTesst
B OOBIYHBII MMEET OOJIbIIIE CMBIC/IA, HO TYT BO3HMKAIOT HOBbIE MPOOIEMBbI.

Ecnu HyXHO mpeoOpa3oBaTh MHTEIEKTYyalbHbIN yKa3aTeJb B TUI, Ha KOTOPbIA OH CChI-
Jlaetcst (CM. TIpenbLIyIIMiA pa3zieli), Y Hac ecTb BbIOOp: JIMOO pHUCKOBATh, NOIMYCKasi BO3MOX-
HOCTb HENpeABUAEHHOTO BbI3oBa orepatopa delete, WM Bo3aepXaTbCcsl OT TMPOBEPKU
if (sp). Uto BbIOpaTh: HeynmoOCTBO uiaM omnacHocTh? CremyeT Mpearnoyectb 6e30MacHOCTb,
nmo3ToMy mpoBepky if (sp) BBIIOJIHATH He ciaeayeT. BmMecTo 3Toro MoXHO BBIOpaThb MpPoO-
Bepky if(sp != 0) unu Gonee BbiuypHOe BbipaxkeHue if(!!sp).

Ecnu Bbl He XOTHTE MpeaycMaTpuBaTh Mpeodpa3oBaHue WHTEIEKTYaTbHOTO YKasaTesisl B TUI,
Ha KOTOPBIIA OH CChUIAETCSI, MOXKHO TIPUOETHYTh K MHTEPECHOMY TPIOKY, KOTOPbIN TTO3BOJIUT BCE
K€ BBIMOJTHUTH MpoBepKy if (sp). BHyTpu 11aGioHHOro Kiaacca SmartPtr HYXXKHO ONpene/iTh
BHYTpPEHHUH KJlacc Tester u mpeobpa3oBaHue B TUI Tester*, Kak MoKa3aHO HUXe.

template <class T>
class SmartPtr

{
class Tester
void operator delete(void*);
1
public:
operator Tester*() const
{
if (!pointee_) return O;
static Tester test;
return &test;
}
1
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Terepp TIpu KOMMWISIIMKM orepatopa if (sp) B nelicTBUE BCTYMMT oOIlepaTop Tester®.
DTOT ornepaTop BO3BpalllaeT HyJeBOe 3HaueHWe TOraa M TOJbKO TOTAa, KOrJa MepeMeHHas
pointee_ paBHa Hymw0. Knacc Tester Oyokupyer orneparop delete, mo3Ttomy, eciu Ka-
KOI-HMOYIb KO BbI3oBeT onepaTop delete sp, BO3HMKHET olnMOKa koMnuisiuu. Oopartu-
T€ BHUMaHUE Ha TO, YTO OIpeJesIeHNe caMOoro Kjacca Tester HaxOAUTCS B 3aKPBITOM pas-
Jiesie Kjacca SmartPtr, mo3TOMy KJIMEHTCKUI KOJ HUYEro He 3HAET O HEM.

Krnacc smartPtr pemiaetr mpoOieMbl, CBSI3aHHBIE C TTPOBEPKOI paBEHCTBA U HEPABEHCT-
Ba, CJIEAYIOUIMM 00Pa3oM.

e  OmnpenensroTcst ONepaTopbl == W != IBYX BUIOB (IIa0JOHHBIC WM HEIIAOJOHHBIE).
e Ormpenernsiercst orepatop !.

e FEcmu nmomyckaeTcsl aBTOMaTHYeCKOe TMpeoOpa3oBaHKME WHTEIUICKTYaIbHOIO YKa3aTeslsl B
THUII, HA KOTOPBIi OH CCBUIAETCS, TO OIPEE/ISIETCS OOIMOIHUTEIBHOE MPeoOpa3oBaHue B
TUN void¥*, MpeaHaMepeHHO Cco3ialoliee HEOMHO3HAYHOCTb MPU BbI30OBE oreparopa de-
Tete. B mpoTBHOM cilydae OIpesesisieTcsl BHYTPEHHUI Kilace Tester, OOBSBISIONIMIA
3aKpbIThIN oneparop delete u omnpeaessiolMil Mpeodpa3oBaHKe Kiacca SmartPtr B TUI
Tester*, Bo3Bpalllaiollice HYJIEBOW yKasaTellb TOTJAa M TOJBKO TOTma, KOraa OOBEKT, Ha
KOTOPBII CChUTACTCS MHTEJUICKTYATbHBIA YKa3aTellb, IBISICTCS HYJICBBIM.

7.9. OTHOWEeHna nopsaaKka

K omnepatopam oTHOLIEHHUS TOpsiIKA OTHOCSITCSI OMEPATOPHI <, <=, > U >=. Bce aTu one-
paTopbl MOXKHO CBECTH K OJHOMY OIEpaTopy <.

[omyckaTb 1 ynopsiioYeHHOCTb MHTEJUIEKTYJIbHBIX yKa3aTeslel — BOMPOC WHTEPECHBIN caM
no cebe. OH OCHOBaH Ha JBOMCTBEHHOI MPUPOJAE yKa3zaTesiel, KOTopas 4acTo CMYIIIAeT Mpo-
rpaMMUCTOB. YKa3zaTe/ii OJHOBPEMEHHO SIBJISIIOTCSI UTepaTopaMu M MOHUKepamu (monikers). By-
Jlydu UTepaTopaMu, yKazaTeJau MOTYT MepeMellaThCsl 0 MaccuBy OOBEKTOB. ApudMeTrKa yKaza-
TeJiel, BKITIoYasl ornepalyy CpaBHEHMSI, TIOIIEPXKUBAET UX UTEPAaTUBHYIO Tpupony. B 1o e Bpe-
Ms1 yKazaTelu SIBJISIIOTCSI MOHUKEepaMU — YIOOHBIM CIOCOOOM OBICTPOTO JOCTyMa K OOBEKTaM.
DTy unocrach ykaszareseil 00ecredrBaloT orepaTopbl pa3bIMEHOBAHUS * U —>.

JIBoiicTBEHHast TIpMpo/a yKa3aTejaell MHOTJa MOXET MPUBOAUTH B 3aMeIIaTeIbCTBO, OCO-
OCHHO KOorja ykasaTelb HYXXHO HCITOJIb30BaTh TOJbKO B OJAHOM KauecTBe. Iisi pabGoThl ¢
BEKTOpaM1 MOXET MTOHAT00MThCS KaK MepeMelleHre M0 MacCUBY, TaK U pa3bIMEHOBaHUE, B
TO BpeMs KaK MepeMelleHUe MO CBI3aHHOMY CIUCKY WM MaHUMYJISALUS WHAWBULYATbHBIMU
00bEeKTaMM KUCIIOIBb3YIOT TOJIBKO OTIEpallii0 pa3biIMEHOBAHUS.

OTHOLIeHUs TOpsiIKa MEXIy yKaszaTelsiMU OMNpeieSeHbl TOJbKO JUIsl yKazaTejeil, Mpu-
HaJIJIeXallluX HeTIPepbIBHOMY yYacTKy MamsiTu. UHbIMU ClIoBaMU, CpaBHUBATh MEXIYy COOOM
MOXHO JIMIIIb T€ YKa3aTeJU. KOTOPbIE CChUIAIOTCS HA 3J€MEHThI OJJHOTO U TOTO e MaccuBa.

OmnpeneneHre OTHOLIEHUN TIOPsIAKA JJIsI MHTEJUIEKTYaIbHBIX yKaszaTesieil MOpPOXIAET BO-
MpOC: MOTYT JIM MHTEJJIEKTyalbHbIe yKa3aTeJu CCbUIAThCSl Ha OOBEKThI, XpaHSUIUMECS B OJ-
HOM M ToM e maccuBe? Ha mepsbiii B3misin HeT. OCHOBHOE CBOWMCTBO MHTEJIEKTYaIbHbIX
yKazareseil 3akiovyaeTcss B TOM, YTO OHU YIPABJSIOT MpaBaMU BlIaJeHUs] OObeKTaMu, a 00b-
€KThl C pa3HBIMU TIpaBaMU BJIQJICHUSI HE MOTYT MPUHAIJIEXaTh ONHOMY U TOMY XK€ MAacCHUBY.
CrienoBateibHO, ObLIO Obl PUCKOBAHHO BBIMTOJHSITH OECCMBICIEHHBIE CPaBHEHUSI.

Ecnu oTHOIIEHMS MOpsiIKa NEMCTBUTETLHO HEOOXOAMMBI, BCETa MOXHO MPUMEHUTD SIB-
HBI JOCTYN K OOBIYHOMY YyKaszaTeslo, XpaHSIIeMycsl BHYTPU HHTE/UIEKTYaJlbHOTrO. 3Jech
CHOBA HYXHO MCKaThb HanboJjee 0€30MacHbI U BbIPA3UTEIbHBIN CITOCOO CpaBHEHUS.

B npenbiayliem pasaene Mbl TPUILIA K BBIBOLY, UTO HESIBHOE MpeoOpa3oBaHUE WHTEN-
JIEKTYaJJbHOTO YyKasaresisi B OOBIUHBIM — Borpoc BbiOOpa. Eciaum mosb3oBarens kiacca
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SmartPtr IIO3BOJISICT HESIBHOE IIpeo0pa3oBaHUe, TO MPUBEICHHBINM HIDKE KOO OyAeT yCHell-
HO CKOMITUJIMPOBAH.
SmartPtr<Something> spl, sp2;

if (spl < sp2) // NpeBpauaeM MHTeNNEKTyalNbHble yKa3aTenu
// spl u sp2 B obbluHble, a 3aTeM CpaBHMBaeM UX

DTO 3HAYUT, YTO OJIOKMPOBATH OTHOLICHMS MOPSOKA ClemayeT sIBHO. JIJIs TOro IOCTaTOYHO
OOBSIBUTh MX, HO HE OIpeaesiaTh. [Ipy MOMBITKE BHINOJIHUTH TaKyl0 MPOBEPKY BO BpPEeMsI pe-
JAKTUPOBAHUS CBSI3¢il BOBHUKHET OLIMOKA.

template <class T>

class SmartPtr

{... 5

template <class T, class U>

bool operator<(const SmartPtr<T>&, const U&); // He onpepeneH

template <class T, class U>

bool operator<(const T&, const SmartPtr<uU>&); // He onpeaeneH

BnaropazymHee BbIpa3uTh OCTaJbHbIC OMNEPATOPHI Yepe3 OIepaTop <, OCTABUB €ro HEOIl-
peneneHHBIM. Takum o0pa3oM, eciu ITOJIb30BaTeb Kjlacca SmartPtr BCe Ke 3aXO4yeT ycTa-
HOBUTb MEXIY ero o0beKTaMU OTHOIIEHUE TOpsiIKa, €My OCTAHETCS JIMILb OMpeIeuTh CO-
OTBETCTBYIOIIMIA OIEPATOP <.

// NnKBMAATOpP HEOAHO3HAYHOCTEeNn

template <class T, class U>
bool operator<(const SmartPtr<T>& lhs, const SmartPtr<U>& rhs)

return Ths < GetImpl(rhs);

// Bce oCTalibHble onepaTopsbl
template <class T, class U>
bool operator>(SmartPtr<T>& lhs, const U& rhs)

return rhs < Ths;

AdHa/ZIOrM4YHO ANnAa OCTaJibHbIX ONepaTopoB

OOparuTe BHMMaHHME Ha JMKBUIOATOP HEOMHO3HAYHOCTel. Temepb, eciM KakKoil-HUOYIb
MOJIb30BaTe/Ib OMOJMOTEKM MoJiaraeT, 4ro OOBEKTHhl KJjlacca SmartPtr<widget> IOKHBI
OBITH YIIOPSIAIOYEHBI, OH MOXET HAMCaTh CICIYIOIINI KOI.

inline bool operator<(const SmartPtr<widget>& Ths,
const widget* rhs)
{

return GetImpl(Ths) < rhs;

inline bool operator<(const Widget* Ths,
const SmartPtr<widget>& rhs)

return Ths < GetImpl(rhs);

Kanp, yTOo MOJIb30BaATENb JTOJDKEH OMpENesisiTh ABa Oleparopa, a He OAWH, HO 3TO BCE Xe
Jiydiiie, 4YeMm ecju Obl OH OIpenessii Bce BOCEMb OMEPATOPOB.

Ha stom oOcyxneHue OTHOILIEHUs TMOpsaKa MeXIy WHTEJJIEKTYaIbHBIMU yKa3aTeJsiMU
MOXHO OBbLIO OBl 3aKOHYMTh. HUYero MHTepecHOro B 3TOil MpolbieMe OOHApyXUTh HE yaa-
Jjock. MlHOTIa O4YeHb MOJIE3HO YCTAHOBUTH OTHOILIEHUE TOPSIIKA MEXIY TMPOM3BOJIbHO pa3-
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MEILEHHBIMU B TaMSITU O0bEKTaMM, a HE TOJIbKO MEXTY OObEKTaMU, XPaHSIIIIMMUCS B OHOM U
TOM Xe MaccuBe. Hanpumep, MHOrIa Hy>XHO XpaHWUTb BCIIOMOTaTesIbHyI0 MH(MOpMalMIo O Ka-
KIOM O0BEKTE U OBICTPO €€ U3BJIeKaTh. ACCOILIMATUBHBIA MaccuB (map), YHOpsSAOYEHHbINH 110
azpecaM 3TUX 00BEKTOB, — OYeHb A(PGHEKTUBHOE pellieHre 3TOi MPOOIEMBbI.

Cranpapt sa3bika C++ IMO3BOJISIET JIETKO BOIUIONIATh TAKUE 3aMbICIbl. XOTSI CpaBHEHUE
yKaszaTejieil Ha MPOM3BOJbHO pa3MelleHHbIE 00bEKThI HE OIMPENesIeHO, CTaHAAPT TapaHTUPY-
€T, UTo orneparop std::less JacT OCMbICIEHHbIE Pe3yJbTaThl, €CIM MPUMEHUTb €r0 K JBYM
yKaszaTeisiM, UMEIOIMM OIWHAKOBBIN TUTl. [1O0CKOJNIbKY CTaHIapTHBIE acCOLMATUBHBIE KOH-
TeifHepbl UCMOJBL3YIOT onepaTop std: :less B KauecTBE OTHOUIEHUS MOPSIKA, 3aIaHHOTO IO
YMOJIYAHUIO, MOXHO BIOJIHE 0€30IMacHO TMOJIb30BaThCsl ACCOIMAaTUBHBIMU MacCUBaMU, KITIO-
yaMU KOTOPBIX SIBJISIIOTCSI YKa3aTeJlu.

Krnacc SmartPtr Takxke moamepxuBaeT 3Ty uauomy. CienoBareibHO, Kjiacc SmartPtr
OCYIIIECTBJISIET CrielMaau3aliuio oneparopa std: : less. Dra creuvain3anus 3aKji0yaeTcsl B
MPOCTON Tiepeanpecaliiy BbI3oBa oreparopy std: :less juisi OOBIYHBIX yKa3aTesei.

namespace std

{
template <class T>
struct Tess<SmartPtr<T> >
public binary_function<SmartPtr<T>, SmartPtr<T>, bool>
bool operator() (const SmartPtr<T>& lhs,
const SmartPtr<T>& rhs) const
{
return less<T*>() (GetImp1(lhs), GetImpl(rhs));
3
};
}

Hrak, knacc SmartPtr He ompenessieT onepaTopbl YMOPSIOYEHMS] MO YMOJYAHUIO.
B HeMm 00BsSBISAIOTCS (HO HE peaJn3yroTcsl) IBa OOOOIIEHHBIX omnepaTopa <, a OCTaJIbHbIE
oneparopbl BbIpaxawTcst yepe3 HuX. [loib3oBaTeslb MOXET MCIOJb30BaTh JIMOO Creluain-
3UPOBaHHYI0, MO0 00OOIIEHHYIO BEPCUU OflepaTopa <.

Knacc SmartPtr ocyluecTBiseT crielMald3anuio orneparopa std::less, ycTaHaBiauBas
OTHOIIEHUE MOPSIIKA MEXIY MPOU3BOJIbHBIMU UHTEJUIEKTYaTbHBIMU YKa3aTeIsIMU.

7.10. OOGHapyXXeHue u perucTpaums oumnmodok

B pa3zHbIx npuioxeHusix TpedyeTcsl pa3Hasi CTereHb 0e3011acHOCTH, obecrieuyrBaeMast MHTe -
JIEKTyaJIbHBIMU yKazateasiMu. HekoTopble mporpaMmbl BBITIONHSIIOT MHTEHCUBHbBIE BBIYMCIECHUS,
MO3TOMY HY>XKHO ONTUMU3MPOBATh UX OBICTPOAEHCTBUE, APYyTUe ((hakTUuecKn OONBIIMHCTBO) UH-
TEHCUBHO OCYIIECTBJISIIOT OMepali BBOAA-BbIBOAA MH(MDOPMAIMU U HYXAAIOTCS B 3(hheKTUBHBIX
Cpe/ICTBAX MPOBEPKU JIAHHBIX, HE CHIDKAIOIIMX UX MPOU3BOAUTEIBHOCTD.

Yauie Bcero B MPWIOKEHUM HYXHBI 00€ MOIEIW: HU3Kasi 0e30MmacHOCTb, BBICOKAs CKO-
pPOCTb B HEKOTOPBIX KPUTUISCKUX MECTaX M BbICOKasi 6€30MacHOCTb, HU3Kask CKOPOCTh — B
OCTJIbHBIX YaCTSIX TIPOTrPaAMMBbI.

Bomnpochl, cBsA3aHHBIE C MPOBEPKON MHTEJUIEKTYaJIbHBIX yKaszaTesied, MOXHO pa3neiuTb
Ha JB€ KaTeropuu: MHULIMAIN3allus MPOBEPKU U MPOBEpPKa TNepes pa3biIMEHOBAHUEM.

7.10. 1. MpoBepka BO BpeMs1 UHULnann3aumm

Moxet HHTCHHCKTyaJIbeIﬁ yKasaTeJib IPpUHUMATh HYJICBOC 3HaYeHue?
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Jlerko MOXHO caenaTh Tak, YTO MHTEJUIEKTYaJIbHBIN yKa3aTejb HUKOTIa HE CMOXET CTaTh
HYJIEBBIM (OUY€Hb MOJIE3HOE CBOMCTBO B MPAKTUUYECKUX MPUIOXKEHHUSIX). DTO 3HAUUT, YTO JIIO-
00i1 MHTEJUIeKTyaJbHBII yKa3aTedb BCErga KOPPEeKTEeH (eCauM Bbl HE MaHUIMYJIUpPYETe Mpo-
CTBIMM yKa3zaTeJisIMU ¢ IoMmollblo (pyHKuMu GetImplRef). PeanusoBarh 3TO CBOMCTBO MH-
TEJUIEKTYaJIbHOTO yKa3aTessi MOXHO C MOMOIIbI0 KOHCTPYKTOpA, TEHEPUPYIOIIETO UCKIIOUM-
TEJIbHYIO CUTYALIMIO TIPU MOJYYEHUU HYJIEBOTO yKaszaTeJsl.

template <class T>
class SmartPtr

{ .
public:
SmartPtr(T* p) : pointee_(p)
if (!'p) throw NullPointerException();
1

C [pyroil CTOpPOHBI, HyJieBOe 3HAa4YeHWE TIPEACTABISICT CO0OW yaoOHOe OOO3HAYCHUE
“HeBepHOro yKazaTeJisi” M TakKe YaCTO OKa3bIBAeTCsl MOJE3HbIM.

Paspelienne wiv 3ampeT HyJIEBBIX 3HAUSHHWI BIUSIOT M HA KOHCTPYKTOP MO YMOJIYaHUIO.
Ecnu nHTe/UIeKTYallbHBIN yKa3aTeslb He NTOMyCcKaeT HYJIeBbIX 3HAaUeHUI, KaK KOHCTPYKTOP IO
YMOJTYAHUIO MOXET WHUIIMAIM3UPOBaTh OOBIYHBIN yKazatenb? [IprMeHeHUsT KOHCTpYKTOpa
M0 YMOJYaHUIO MOXHO M30€XaTh, HO 3TO 3HAUWTEJbHO 3aTPYAHSIET CO3MaHUEe MHTEJUIEKTY-
aNbHBIX yKaszaTesieil. Hampumep, 4To BBI OymeTe nenarh, €ClM y Bac €CThb IepeMeHHas-YIeH
Kjacca SmartPtr, HO HEeT MoAXoasuieil ¢GyHKIMU, MHULMATU3UPYIOIIEH €€ BO BpeMsl CO3-
naHus obbekTa? B 3akimoueHWe OTMETHM, YTO HACTpOWKa WHMIIMAIM3alMKU Toapa3yMeBacT
BbIOOD MOAXOASIIMX 3HAYEHUI, 3a1aBaeMbIX MO YMOJIYAHUIO.

7.10.2. MpoBepka nepes pa3biIMEeHOBaHUEM

ITpoBepka nepen pasbIMEHOBAaHUEM WMEET OOJblIoe 3HaYeHUE, MOCKOJbKY pa3bIMEHOBaHUE
HYJIEBOTO yKaszaTesisl MPUBOAUT K HETpeacKa3yeMbIM TOCIENCTBUSM. Bo MHOTMX TIPMIIOKEHUSIX
9TO COBEPILIEHHO HEJOMYCTUMO, MO3TOMY MpOBEpKa KOPPEKTHOCTU yKaszaTessl Mepeil ero pasbl-
MeHOBaHUeM o0sizaTeNibHa. B Kilacce SmartPtr oHa BBHITIONHSETCS OINepaTopaMu —> U *.

B oTMuue ot npoBepku BO BpeMsi MHULIMAIM3alWH, TIPOBEpKa Mepes pasbIMEHOBAHUEM MO-
JKET CHU3WTH TPOM3BOIMTEILHOCTb BAIllETO TIPUJIOXKEHUSI, TTOCKOJIBKY OOBIYHO pPa3hbIMEHOBAHUE
MHTEJUIEKTyaJIbHBIX yKa3aTesiel BbITIOMHSIETCS] HAMHOTO yallle, YeM Mx cosnaHue. CienoBaTeibHoO,
CJIEyeT CTPEMUTHCS TTOAIEePKUBATh GajlaHC MeXIy 0e30MacHOCTBIO U CKOPOCThIO. ECTh Xopoliree
MPaBWJIO: HAUYMHATL CO CTPOTOii MPOBEPKU BCEX yKaszartesieil, a 3aTeM CHUMaTh MPOBEPKY C HEKO-
TOPBIX MHTEJUIEKTYaIbHBIX YKa3aTesiel 10 COBETY MPOMUIMPOBIIUKA.

CylIecTBYIOT JIM NPUHUUIUATIbHBIE PA3IUUMsl MEXIY MPOBEPKON BO BpeMsl MHULIUAJIM-
3allMM U TIPOBEPKOM Tepen pa3biMeHOBaHMeM? HeT, Tak Kak OHUM CBA3aHBI MEXIy COOOM.
Eciu Bo BpeMsi MHMLIMAIM3AlMU BBIMOJHSETCSl CTporasi mpoBepKa, TO MpoBepKa mepes pa-
3bIMEHOBAHMUEM CTAHOBUTCS M3JIMIIHEN, MOCKONBKY YyKa3aTelld, TMPOILIEAIe MPOBEPKY BO
BpeMsI MHULIMAIU3allMK, BCETraa KOPPEKTHBI.

7.10.3. CoobLyeHuns 06 oLunbkax

EnuHCTBeHHBIN pa3yMHBI CITOCOO PerMCTPUpPOBAaTh OITMOKUA — TeHEPUPOBATH MCKITIOUM -
TEeJIbHBIC CUTYaIlUH.

MOXHO MpPEANPUHSITh HEKOTOPBIE IIPEIOCTOPOKHOCTH, ITO3BOJISIONINE M30€XKATh IOSIB-
JieHus1 ommnboK. HampuMep, eciu yKaszaTesdb Iepell pa3bIMCHOBAaHMEM OKa3aJiCs HYJICBBIM,
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€r0 MOXHO TTPOVMHUIIMAIM3UPOBATh Ha JIeTy. DTa MpaBWIbHAs W LIEHHAsT CTpaTernsl Ha3bIBa-
ercst aenusoll uHuyuaruzauuei (lazy initialization) — 0OBEKT CO30A€TCS TOJBKO B TOT MO-
MEHT, KOIZla OH BIIEPBbIC MCIIOJIb3YEeTCA.

Ecnm npoBepKa JOKHA BBITOTHATHCS TOJBKO B TPOIIECCe OTJIAAKU IMPOrpaMMBbl, MOXHO
WCITOJIb30BaTh CTAHIAPTHBIM MaKpOC assert M MomoOHbIe eMy 0ojiee CIIOXHBIC MaKpochl. B
OKOHYaTeJbHOM BapuaHTEe IMPOTPaMMBbI KOMITWJIATOP WTHOPHUpPYeT MpoBepku. CremoBaTesb-
HO, €CJIM BCE CCBUIKM Ha HYJIEBbIe 3HAYCHMS BO BpEMSI OTJIAIKU YK€ yIOaJeHBbI, BO BpeMs
BBITIOJIHEHUS TTPOTPAMMBI TTPOBEPKY MOXKHO HE ITOBTOPSITh.

B knacce SmartPtr Bce MpOBEpPKM cocpeldoToueHbl B crpareruu Checking, peanusyio-
el COOTBETCTBYIOIIME (PYHKIMU (KOTOPBIE TTPU HEOOXOMMMOCTH MOTYT MCIIOJb30BaTh Jie-
HHBYIO WHUILIMATU3AINIO).

7.11. MHTennekTyasbHble yKa3aTesiIM Ha KOHCTaHTHbIe
00bEeKTbl U KOHCTAHTHbIE UMHTEJIJIEKTYallbHble
yKkasartenm

OOBIYHBIE yKa3aTeJIW peau3yloT IBa BMIOA PabOThI ¢ KOHCTAHTAMU: yKa3aTeJIW Ha KOH-
CTaHTHBIE OOBEKTHI M COOCTBEHHO KOHCTAHTHBIE yKa3aTesld. DTH CBOICTBA yKasaTeeil M-
JIIOCTPUPYIOTCS CIIEMYIONINM (PparMeHTOM IPOTPaMMEI.

const Something* pc = new Something; // Yka3biBaeT Ha
// KOHCTaHTHbIA 06beKT

pc->ConstMemberFunction(); // NpaBWUIbHO
pc->NonConstMemberFunction(); // HenpaBwuibHO
delete pc; // Kak HA CTpaHHO, NpasBunbHO*
Something®* const pc = new Something; // KOHCTaHTHbIN yKka3aTenb
cp->NoncConstMemberFunction(); // Tenepb npaBuIbHO
cp = new Something; // HenpaBuUNbHO, KOHCTAHTHOMY YyKa3aTeslo

// HW4Yero Henb3s NpucCBauBaThb
const Something* const cpc =

new Something; // KOHCTaHTHbIM yKa3aTellb HA KOHCTAHTHbIA 0OBLEKT

cpc->ConstMemberFunction(); //NpaBunbHO
cpc->NoncConstMemberFunction(); // HenpaBwuibHO
cpc = new Something; // HenpaBuUAbHO, KOHCTAHTHOMY YyKa3aTesio

// HuYero Henb3a NpucBauBaTb

COOTBETCTBGHHO, KJIacC SmartPtr MUCIOJb3YETCH CICAYIOLIUM 06pa30M.

// WHTennekTya/ibHbiA yKa3aTes/lb HAa KOHCTAHTHbIN 06BbEeKT
SmartPtr<const Something> spc(new Something);

// KOHCTaHTHbIA MHTEeNNeKTyallbHbi yKa3aTenb

const SmartPtr<Something> scp(new Something);

// KOHCTaAHTHBIN WHTENNEKTYaNbHbIl yKa3aTeslb HAa KOHCTAHTHbIN 06BbEeKT
const SmartPtr<const Something> scpc(new Something);

[1ab;ToHHBIN KITacc SmartPtr MOXeT OOHapYXWBaTh, SBJISCTCS JIM OOBEKT, HAa KOTOPBIA OH
CCBLIACTCS, KOHCTAHTHBIM, C TOMOILBI0 YaCTUYHOM CIICLMAIU3AlMA WA IIA0JOHHOIO Kiacca
TypeTraits, onpeelieHHOro B rase 2. Bropoit crmoco6 Gosiee TpearouTUTeNIeH, TOCKOIBKY OH
HE TPUBOIUT K AyOJMPOBAHMIO MCXOQHOIO KO, KaK IPY YaCTUYHON CIEeLMATM3aALINN.

4 Bonpoc “Ilouemy omnepatop delete MOXHO MPUMEHSTh K yKa3aTelssM Ha KOHCTAHTHbIE OOBEK-
TBI?” BCEraa BhI3BIBACT SIPOCTHBIC CIIOPHI B Ipyrre HoBocTeil comp.std.c++. OgHaKo, XOpOIIO 3TO WU
MJI0XO, SI3BIK IOMYCKAET TaKyl0 KOHCTPYKIIHIO.
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Kmacc smartptr UMUTUPYET CCMAHTUKY yKaaaTeJIeﬂ Ha KOHCTAaHTHLIC OG’I)GKTI)I, KOH-
CTaHTHBbIX yKa3aTCJ’[CIL/'I, a Takke X KOMOMHALIWU.

7.12. MaccuBbl

B GonblunHCTBE CilyyaeB BMECTO AMHAMUYECKMX MAaCCUMBOB M omnepaTopoB new[] u de-
lete[] nydille MCIIOIB30BaTh CTAHOAPTHBIM Kiacc std::vector. DTOT KJacC MHOJIHOCTHIO
obecrieynBaeT BO3MOXHOCTHU, MpPEIOCTaBIsIEMble IWHAMUUYECKHMMU MAacCMBaMHU, a TakKXe
MHOTOE JIpyroe, Mo4YTH He TPaTs MPU 3TOM JOTOJHUTEIbHBIX PECYPCOB.

OpHako “B OOJBIIMHCTBE ciayvyaeB” He o3HauaeT “Bcerma”. CyllecTByeT MHOIO CUTya-
LIUii, B KOTOPBIX MOJHOLICHHBIN BEKTOP HE HYXEH U JaXxe He XejaTtejeH. UMeHHO 3mech u
HYXHBI JIMHAMUYECKHME MacCuBbl. B Takux ciiyyasx 0e3 MHTEJUICKTyaJlbHBIX YyKa3aTeieit
000MTUCH TPYAHO. MEXy CIIOXHBIM 11a0JIOHHBIM KJ1acoM std: :vector M AMHAMUYECKUMU
MacCuMBaMU TpoJieraeT IOBOJIbHO IIyOoKas Iporactb. MHTeIeKTyaabHble YKa3aTeau MOTYT
BBICTYIIaTh B POJIM MOCTUKOB Ye€pe3 3Ty TMPOIMNAacThb, MPEJOCTABISIS MOJb30BATENI0 CEMaHTUYE-
CKHE BO3MOXHOCTU MaCCHBOB.

C TOYKM 3peHMsI UHTEJJIEKTYaTbHOTO yKa3aTessl HA MacCUB €MHCTBEHHBIM BaXHBIM MOMEH-
TOM SIBJIIETCSI MCITOJIb30BaHUE BbI3oBa oreparopa delete[] pointee_ B ero IecTpykKTope BMe-
cTo oneparopa delete pointee_. Drta npobiiema yxe pellieHa B crpareruu ownership.

BTopoii MOMEHT CBSI3aH ¢ MHIECKCUPOBAHHBIM JOCTYIIOM K 3JIEeMEHTaM MacCuBa C TTOMO-
b0 orneparopa [], Meperpy>keHHOro ISl UHTEJUIEKTYalbHbIX yKa3aTeneil. TexHu4ecku 3To
BMOJIHE BO3MOXHO. PaKTUYECKU B MpeaBapUTEIbHOM BEpCUM Kilacca SmartPtr Ijs ceMaH-
TUKM MacCUBOB ObUla TIpelyCMOTpeHa oOTaeibHasi crparervsi. OQHAKO WHTEUIEKTyalbHbIe
yKas3aTeJu O4YeHb PENKO CChUIAIOTCS Ha MAacCUBBI. B 3THX ciyyasix MHIEKCUPOBAHHBIN JOC-
Ty MOXHO 00€CTIEYUThb C MOMOIIbI0 GyHKINU GetImpT.

SmartPtr<widget> sp = ...;

// DOCTyn K WeCTOMYy 3/iIeMeHTY MacCuBa, Ha KOTOpPbIN CCbinaeTcs

// WHTennekTya/lbHb yKasaTesb Sp

widget& obj = GetImpl(sp)[5];
bbuto 6B HEpalMOHAJIBHO MBITATLCSA Pa3paboTaTh AOMOJHUTEbHbIE CUHTAKCUYECKUE KOH-
CTPYKLMU 33 CUET HOBOI CTpaTerMMu.

Krnacc SmartPtr mnomuepXuBaeT HacTpauBaeMoOe paspylleHHe OOBEKTOB C ITOMOIIbBIO
crtpatreru Ownership. CiemoBaTesibHO, /s yHaJ€HUSI MAacCHBOB MOXHO HCIIOJIb30BaTh
orepatop delete[]. OgHako Kjiacc SmartPtr He moaaepXUBaeT apuMETUKY yKa3aTeeil.

7.13. UHTennekTyasnbHble yKa3aTesIM U MHOIFOMNOTOYHOCTb

Yare Bcero MHTEIEKTYaIbHbIE yKa3aTelX MOMOTaloT COBMECTHO WCITONIb30BaTh OOBEKTH. B
CBOIO OYepeilb, MHOTOMOTOYHOCTh TECHO CBSI3aHA C COBMECTHBIM HCITOJIb30BAHUEM OOBEKTOB.
CnenoBarelbHO, MHOTOITOTOYHOCTh M MHTEJUIEKTYaIbHbIE YKA3aTeslu CBSI3aHbl JPYT C IPYTOM.

BzaumoneiicTBue Mexay HUMU TIPOSIBIISIETCSl HA JABYX YPOBHSIX: Ha YPOBHE OOBEKTOB, Ha
KOTOpbIE CChUIAIOTCSI MHTEJIEKTyalbHble YKazaTeau (pointee object level), u Ha ypoBHe pe-
ructpanuy gaHHBIX (bookkeeping data level).

7.13.1. MHOronoTo4YHoCTh Ha ypOBHE OOBEKTOB

Ecnu Ha ommH M TOT XXe OOBEKT OIHOBPEMECHHO CCbhUIAIOTCA I/IHT@JI.HCKTYEUII)HI)IIZ yKasa-
TCJIb U HECKOJIbKO IMTOTOKOB, 2KE€JIATCJIbHO MMETb BO3MOXHOCTH 3aXBaThbiBaTb 3TOT 00BEKT Ha
BpE€MsA BbI3OBa (I)yHKL[I/II/I—‘UIEHa, BBIITOJIHEHHOTO C ITOMOIIBIO OII€paropa ->. DTOro MOXHO
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JIOCTUYb, €CJIM MHTEJUIEKTYaJIbHBII yKa3aTeab OyaeT BO3BpalllaTh O0bEKT-3aMeCTUTENb (Proxy
object), a He mpocToil ykazareib. KOHCTPYKTOp 00BEeKTa-3aMeCTUTEsl 3aXBaThIBAET OOBEKT,
Ha KOTOPBI CChUIAETCS MHTEJUIEKTYaJIbHbBINM yKa3aTesb, a €ro JeCTPYKTOpP OCBOOOXKIAET €ro.
BTOT Ccrocod nporpaMmupoBaHus onucaH B kHure Crpayctpyna (Stroustrup, 2000). Huke
MPUBOIUTCS KO, WUTIOCTPUPYIOLINI 3TOT MOIXO/.

Bo-nepBbIX, paccMOTpUM Kilacc Widget, MMEIOLLMIA ABE KOHCTPYKLMM ISl 3aXBaTa OOBEKTa:
ynkimu-unensl Lock u Unlock. ITocne BbizoBa yHKIMM Lock OTKpbIBaeTCsl Ge30IMacHbIi 10c-
TYIl K OOBEKTY, NP 3TOM BBI30B TaKOM (DYHKLIMM OCTaJIbHBIMM NMOTOKaMu Osnokupyercs. locne
BbI30Ba (hyHKIIMK UnTock 0OBEKT MOXKET MOCTYIAaTh B PACIOPSKEHNE OCTATbHBIX TTOTOKOB.

class widget
{

void Lock();
void Unlock(Q);
};
3aTeM omnpeneauM IIA0JOHHBINA Kiacc LockingProxy. OH mpenHaszHayeH ISl 3axBaTta
o0bekTa (C TOMOIIBIO ONMUCAHHOTO BbIlle MexaHM3Ma Lock/Unlock) Ha BpeMs cyliecTBOBa-
HUs ob6bekTa Kiacca LockingProxy.

template <class T>
class LockingProxy
{
public:
LockingProxy (T* pObj) : pointee_ (pObj)
{ pointee_->Lock(); }
~LockingProxy(Q);
{ pointee_->Unlock(); }
T* operator->() const
{ return pointee_; }
private:
LockingProxy& operator=(const LockingProxy&);
T* pointee_;
1
KpomMe koHCTpyKTOpa M IeCTpyKTOpa B Kjacce LockingProxy oIpeleieH oIepaTrop ->,
BO3BpalllalOIINil YKa3aTeab Ha OOBEKT.
Hecmotpst Ha To uTo Kiacc LockingProxy HalmoMMHaeT MHTEJUICKTYaJIbHBIA yKa3aTelb,

BOKPYT HEIo CylIeCTBYECT €1LIC OOHa 00o0si0uKa — caM IIabJIOHHBIN Kj1acc SmartPtr.

template <class T>
class SmartPtr

LockingProxy<T> operator->() const;
{ return LockingProxy<T>(pointee_); }
private:
T* pointee_;
)

HanomHuum, 4yto B pazaene 7.3, MOCBSILIEHHOM MEXaHUKe orepaTtopa ->, YK€ YKa3bIBa-
JIOCh, UTO KOMIUJISITOP MOXET MPUMEHSThH OIepaTrop -> K OAHOMY U TOMY K€ BbIPaKEHUIO
HECKOJIbKO pa3, MoKa He OOHapyXWUT MpOCTOM ykazareib. Temnepp mpeacraBbre cebe ciemy-
1M BBI3OB (CumMTasi, YTO B Kiacce Widget omnpeneneHa ¢hyHkuusi DoSomething).

SmartPtr<widget> sp = ...;
sp->DoSomething();
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31ech KpoeTcsl OMH HIOAHC: ofepaTop -> Kjacca SmartPtr BO3BpalllaeT BPEMEHHbI 00b-
eKT Kjaca LockingProxy<T>. KoMNuisTop Mpoao/iKaeT MpUMEHsITh ornepaTop ->. Omnepa-
TOp -> 0OBeKTa Kiacca LockingProxy<T> BO3BpalllaeT OOBbEKT, MMEIOIIUN TUM Widget¥.
Komnuisitop vcnosib3yeT 3TOT yKa3aTeidb Ha OOBeKT Kiacca Widget aasl BbizoBa (YyHKIIMU
DoSomething. Bo Bpemsi BbI3oBa 3Toi (yHKIMM OOBEKT Kiacca LockingProxy<T> Mpo-
JIOJDKAeT CyILIEeCTBOBAaTh M BJIAAETh OOBEKTOM, HAXOASIIMMCS B MoJHOM Oe3omacHocTu. Ilo-
cile BO3Bpara ympaBieHus: u3 ¢GyHKUMM DoSomething BpeMeHHbII OOBEKT Kjacca
LockingProxy<T> yHMUYTOXaeTcsl, M OOBEKT Kiacca Widget ocBoOOXIAaeTCs.

ABTOMAaTHYECKHI 3axBaT OOBEKTOB — XOpOIIasl WJUTIOCTPALUsl PACCIOEHUST WUHTEJUIEKTY-
aJbHBIX yKa3aresiell, KOTOPOe MOXHO OCYIIECTBUTh, BHECS COOTBETCTBYIOIIME U3MEHEHUS B
cTpaTeruio Storage.

7.13.2. MHOronoTo4HOCTb Ha yPOBHE pPerncTpaun gaHHbIX

HHorna, kpoMe 0OBEKTOB, Ha KOTOPbIE OHM CCBLIAIOTCSI, MHTE/UIEKTYaJIbHbIE YKa3aTeau Ma-
HUITYJIMPYIOT JOINOJHUTCIIbHBIMU JAHHBIMU. Kaxk YKa3bIBaJIOCh B pasacyie 7.5, HECKOJIbKO UHTEJI-
JIEKTyaJIbHBIX yKa3aTesieil ¢ MOACYETOM CChUIOK CKPBITHO MCMOJBL3YIOT OAMH M TOT XK€ CUETUMK.
Ecnu ckormmpoBath Takoil ykaszareslb U3 OIHOTO TOTOKA B JIPYroi, BO3HUKHYT JIBA MHTEJICKTY-
IBHBIX YKa3aTesisl, UCMOJIb3YIOLIMX OAUH U TOT X€ CYETYMK CChUIOK. Pasdymeercsi, oHu oba mpo-
JOJDKaIOT yKa3bIBaTb Ha TOT XK€ 061)6KT, HO ITOJIL30BATC/II0 U3BECTHO, KaKoOU M3 3TUX yKaSaTeJIefI
B JIaHHBIII MOMEHT BiafieeT UM. B TO ke Bpemsi CUETUMK CCBLJIOK MOJIb30BaTeN0 He AOCTYTEeH U
YHIpaBIACTCA UCKITIOUUTEIIbHO MHTCIUICKTYaJIbHBIM YKAa3aTCJICM.

JJ1s1 MHOTOITOTOYUHO! Cpelibl OMAaCHOCTh MPEACTABISIIOT HE TOJbKO MHTEJUIEKTyaIbHbIE YKa-
3arejim C I10ACYETOM CCbLIOK. I/IHTeIIJIeKl‘yaJII)HI)Ie ykKasaTt€jim CO CBA3bBIBAHUECM CCbIIOK
(pasnen 7.5.4) comepxar ykasaTelu APYr Ha JApyra, KOTOPbIE TAKXKE€ OTHOCATCS K COBMECTHO
UCIIOJIb3YEMBIM ITAHHBIM. CBs3bIBaHUE CCBHUIOK O6’I>6£[I/IHH6T MHTCJUICKTYAJIbHBIC YKAa3aTC/In B
rpynmy, npryeM OHU He 00sI3aHbl MPUHAIEXATh OMTHOMY U TOMY Xe MOTOKy. CienoBaTesibHoO,
Ka}KI[I)IfI pas3, Koraa BbIITOJHACTCA KOIMMPOBAHUEC, IIPUCBANMBAHUC WJIN YHUYTOXCHUE UHTCIUICK-
TYaJIbHOTO yKa3aTesisl CO CBSI3bIBAHUEM CCHUIOK, HY>KHO pelllaTh BOMPOC O 3axBaTe OObLEeKTa, B
IIPOTUBHOM CJIy4yac OBa Kbl CBSI3aHHBIN CITMCOK MOXKET 0Ka3aThCsI PaspylmiCHHbIM.

B 3akjiioueHHe OTMETHM, YTO BOMNPOCHI, CBS3aHHbIE C MHOTOIMOTOYHOCTbIO, B MTOTe
BJIMAIOT Ha p€aIn3allvi0O MHTCIJICKTYaJIbHBIX YKaSaTeﬂeﬁ. B kxauectBe nmpuMepa paCCMOTpUM,
KaK MHOTOIOTOYHOCTh BJMSIET Ha MOJYET CChUIOK M UX CBSI3bIBAHUE.

7.13.2.1. MHOronoTo4HbIM NOACYET CCbITOK

IIpy KonmMpoBaHUY MHTEJUIEKTYATbHBIX yKa3aTeJel M3 pa3HbIX MOTOKOB CUETYMK CChUIOK
B Pa3HbIX MOTOKAX YBEJIMUYMBAETCSl HEMPeICKa3yeMbIM 00pa3oM.

Kak noxkazaHO B MpPWJIOXEHWH, Omepauusi MWHKPEMEHTAUUU He SIBJISIETCS aTOMapHOMN.
g MHKpeMeHTauuu U AeKPEeMEHTAlMM 1IeJIbIX YMCEeT B MHOTOIMOTOYHOM Cpele HYXKHO HC-
nojib3oBaTh TUIl ThreadingModel<T>::IntType, a Takxke (QyHKUMU AtomicIncrement u
AtomicDecrement.

DTO BCe HEMHOTO YCJIOXHSET. BepHee, cuTyalusl OCJIOXHSIETCS, €CIM Mbl XOTUM CAEJIaTh
MOJCYET CChUIOK HE3aBUCUMBIM OT TMOTOKOB.

Crieayst mpyuHLMIIAaM DPa3pabOTKM KJIacCOB Ha OCHOBE CTpaTeruii, pasjioxuM Kiacc Ha
3JIEMEHTBI, OMMCHIBAIOIIAE €TO TOBEAECHUE, U CBSIXKEM C KaXIbIM M3 HUX COOTBETCTBYIOLLIMI
wabJoHHBbIN MapameTp. B wuaeane kinacc SmartPtr 3amaBan Obl crpateruu Ownership u
ThreadingModel , mpuMeHsist ux I KOPPEKTHOW peanu3aiu.

OpHako MpM TMOJCYETE CChUIOK B MHOTOMOTOYHOW cpejie BCe HaMHOro 3amyTaHHee. Ha-
MpUMeEpP, CYETUYUK JOJKEH uMeThb TUI ThreadingModel<T>::IntType. CienoBaTesibHO,
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BMECTO MCITOJIb30BAHUST OMEPATOPOB ++ U -- MPUXOIUTCS MMPUMEHSITh (PYyHKIUM AtomicIn-
crement u AtomicDecrement. [TOTOKM M CUYETUMK CCHUIOK CIMBAIOTCSI B ONHO LIEJIOE, WX
HEBEPOSITHO TPYIHO Pa3beANHMTD.

Jlydiile Bcero BKJIIOYUTh MHOTOMOTOYHOCTh B cTparervto Oownership. B aToM ciyuae
MOXHO TIOJIYYUTh JBe peann3aiiuu: RefCounting u RefCountingMT.

7.13.2.2. MHOronoTo4yHoe CBA3bIBaHWE CCbITOK

PaCCMOTpI/IM JECTPYKTOP MHTCIUICKTYAJIbHOI'O YKa3aTeJisdd CO CBA3BIBAHUCM CCBhLIIOK.

template <class T>
class SmartPtr

public:
~SmartPtr()
if (prev_ == next_)
delete pointee_;
else
{
prev_->next_ = next_;
next_->prev_ = prev_;
}
private:

T* pointee_;
SmartPtr* prev_;
SmartPtr* next_;

;
[ecTpyKTOp BBIMOJHSIET KIACCUYECKOE yIaJeHWe 3JIeMEHTa U3 IBAXIbl CBI3aHHOTO CITMCKA.
[ns ynpolieHusi 1 yCKOPeHUsT peann3allii CIUCOK CAeJIaH KOJIbIIEBBIM — TOCIEIHUN y3es
CChUTAETCS Ha TIEPBbIA. DTO TIO3BOJISIET HE TPOBEPSITh, SIBJISIOTCS JIM yKasaTelu prev_ u
next_ HyJeBbIMU. B KOJbBLIEBOM CIHUCKE, COCTOSIIEM W3 OAHOTO 3JIEMEHTA, yKas3aTesn
prev_ u next_ OyayT paBHbI yKa3aTtento this.

Eciu HeckoabKo MOTOKOB YHUUTOXAIOT MHTEIEKTyalbHbIe yKa3aTelu, CBSI3aHHbIE APYT
C IPYroM, JECTPYKTOpP, OYEBUIHO, TOJKEH ObITh aTOMapHbBIM (T.€. €ro paboTy HEe MOTYT Ipe-
pBaTh Apyrue MOTOKU). B MpOTUBHOM ciiydyae paboTy JecTpyKTopa Kjacca SmartPtr CMOXeT
npepsarh 100011 moTok. Hamprmep, 3T0 MOXET TPOU30MTH B MOMEHT MEXIy OOHOBJICHHUEM
yKazaresieil prev_->next_ U next_->prev_. B 3ToM ciyyae MOTOK, NpepBaBUIUil paboOTy
JECTPYKTOpa, OyIeT onepupoBaTh Pa3pylIeHHBIM CITUCKOM.

AHAJIOTMYHbIE PACCYXXAEHUsI KacaloTcsl M KOHCTPYKTOpa KOMWPOBAaHHUsI, W oOleparopa
MpUCBaMBaHMSI Kilacca SmartPtr. DT (yHKIIMM AOKHBI ObITh aTOMapHBIMU, TOCKOJbKY
OHU MAHUMYJUPYIOT CIIMCKOM BJIaJeHUS.

HMHTepecHO, UTO 37eCh Helb3sl MMPUMEHUTh CEMAHTUMKY 3axBaTa oObeKTOB. B mpuiioxke-
HUU, TIPUBEIEHHOM B KOHILIE KHWUTH, CTPATETMU 3axBaTa paslesIieHbl Ha cmpameeuu YpOoGHs
kaaccoe (class level strategies) u cmpameeuu yposns obsekmog (object-level strategies). Ore-
pauMM 3axBaTa Ha YPOBHE KJIACCOB 3aXBaThIBalOT Bce OOBEKTHI JaHHOTO Kiacca. B To ke
BpeMsl oOIepalMy 3axBaTa Ha YPOBHE OOBEKTOB OTHOCSITCS TOJbKO K OJHOMY OOBEKTY.
B nepBoM ciyyae TpaTUTCs MeHblle MaMsITH (TOJbKO OAMH MbIOTEKC Ha Kjacc), HO BO3HM-
KaloT MpoOJIeMbl ¢ TTPOU3BOIUTEIBHOCTBIO MporpaMMbl. Bropoii cinyvait (OquH MbIOTEKC Ha
00BEKT) CJIOXKHEE, HO MO3BOJISIET CO3/IaBaTh peain3allui, KOTOpble padoTaloT ObIcTpee.
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K wHTeeKTyaTbHBIM YyKa3aTeslsaM Helb3sd NPUMEHSATHh CTPAaTerwio 3axBaTa Ha YpPOBHE
00BEKTOB, MOCKOJBKY Ofepalusi KOMMPOBaHUSI MaHUITYJUMPYET cpady TpeMsi OObEKTaMU: Te-
KyIIuii 00beKT, TTOIeXAIINii BCTaBKE WU yIAJNIEHWIO, MPEABIAYIINI OOBEKT W CICTYIONINIA
OOBEKT B CMUCKE BIaIEHMUS.

Ecnm Bce ke BO3HMKaeT HEOOXOMMMOCTh PeaM30BaTh 3aXBaT Ha YPOBHE OOBEKTOB, CJIe-
NyeT yOeAUTbCSI, UTO KaxIOMy OOBEKTY COOTBETCTBYET OJMH MbIOTEKC, MOCKOJbKY JIJIsl KaX-
JIOTO 00BEKTa CYIIECTBYET OTHCIBHBINM CIUCOK BiIageHUs. MBIOTEKCHI UIST KaXI0To 0ObeKTa
MOXHO Pa3MeCTUTb B JTUHAMUYECKOUN MaMsTH, XOTsS 3TO CBOAMUT K HYJIIO BCE MPEUMYIIECTBA
CBSI3BIBAHMS CCBIIOK Hall UX TMoacueToM. CBSA3BIBAHUE CCBIJIOK MPHUBIEKATeIbHO MMEHHO T10-
TOMY, YTO OHO HE WCIOJb3yeT AMHAMUUYECKYIO MaMSITh.

B xayecTBe ajbTepHATUBBI MOXHO HCITOJb30BaTh CTPATETMIO BHEAPEHMS: MBIOTEKC Xpa-
HUTCS B OOBEKTE, HA KOTOPBIN CChIIaeTCs MHTE/UIEKTYaIbHbIN yKazaTeslb. OIHAKO CyIecT-
BOBaHME pPa3yMHON M 3(M®dOEKTUBHOM albTePHATUBBI — WHTEJUICKTYaJIbHBIX yKaszaTeJell ¢
MTOICYETOM CCBIJIOK — BBIHYXXIAET OTKA3aThCs OT peaau3aliuy 3TOM CTPaTeTHuM.

Hrtak, mHTeIIeKTya bHbIe yKa3aTeau, UCTIONb3YIONIMe TOACUET CChUIOK MM WX CBSI3bI-
BaHUE, WCIMBITHIBAIOT BIMSIHUE MHOTOMOTOYHOM cpenbl. s peanusanuu Ge30macHoOi cTpa-
TETMM TIOJICYeTa CChIOK HEOOXOMMMBI aTOMapHble omnepanuu. s peaqu3anuu 6e30macHomn
CTpaTeruM CBSI3bIBAHMSI CCBUIOK HYXXHBI MbIOTEKChbl. Kiacc SmartPtr peaju3yeT TOJbKO
6e30MacHyI0 CTPATETHUIO TTOICYETA CChIIOK.

7.14. Coopka

o cux Top MBI pacCMaTpUBaJIM KaXIbIii BOTIPOC MO OTAeabHOCTH. HacTamo Bpems co-
OpaThb Bce pellleHUs] BOSAMHO M BOIUIOTUTb UX B peaiu3alldM Kjacca SmartPtr.

Mp&I GynmeM To-TIpeXXHEMY CIeoBaTh MPUHIIMIIAM pa3pabOTKKM KJIACCOB Ha OCHOBE CTpa-
Teruii, onucaHHbIM B TaBe 1. Kaxnblil acrekT MpoeKTUpOBaHUsI, HE UMEIOIIUN eIUHCT-
BEHHOTO pellleHUs, peaausyeTcs B Kiaccax crpareruii. [IIabaoHHBIN Kiacc SmartPtr mojy-
YyaeT KaxIylo CTpaTeruio B BUIE OTIEJbHOrO IIA0JOHHOIO MapaMeTpa, HacjleayeT Bce 3TU
abJIOHHBIE TTapaMeTPhI, TTO3BOJISIST COOTBETCTBYIOIIUM CTPATETUSIM COXPAHSATH COCTOSTHUE.

BepHeMcst MBICJIEHHO K MPEeAbIAYIIMM pasaesiaM, Mepeurcisisi OCHOBHbIE acMeKThl Kacca
SmartPtr, KaXIblii U3 KOTOPBIX MPEACTABIISET COO0M OTACTBHYIO CTPATETHIO.

o  Cmpameeus Storage (pazdea 7.3). I1o yMOIYaHUIO COXPAHSIEMBIM TUIIOM SIBJISIETCS
TUI T* (TUN T — 3TO MEPBBIil IAGJIOHHBII MapaMeTp Kiacca SmartPtr), TUIIOM yKa-
3aresieil — ToXe T*, a CChbUIOYHBIM TUIOM — T& OOBEKT, Ha KOTOPBbIA CChUIAETCS
WHTEJUIEKTYaJIbHbIN YKa3aTelslb, YHUUTOXAETCS onepaTopoM delete.

o Cmpameeus ownership (pazdes 7.5). OObIYHO peann3yeTcsl ¢ MOMOLIBIO TIyOOKOro
KOMMPOBAHMS, MOACYETA CCbUIOK, CBSI3bIBAHUSI CCBUIOK M Pa3pyllalolero KOnMpoBa-
Husl. OOpaTuTe BHUMaHKWE Ha TO, YTO cTparervsi ownership He cBsizaHa ¢ MexaHU3-
MOM YHMYTOXEHUS! OObEKTOB, KOTOPBIi OTHOCUTCS K cTpaTeruu Storage. Crparterus
ownership nuilb yKa3blBaET MOMEHM YHUUTOXEHUSI OOBEKTA.

o Cmpameeuss Conversion (pasdea 7.7). B HEKOTOpBIX NPUIOXKEHUSIX HEOOXOIUMO
MpeoOpa3oBbIBaTh MHTEJJIEKTYaJbHbIE YKa3aTesqu B 0OblyHble. OOpaTHOE Mpeodpaso-
BaHME HE JOIMyCKaeTcs.

o  Cmpameeus Checking (pazdea 7.10). Dta cTparervsi mpoBepsieT MPaBUIbHOCTb WHU-
LMaIM3alMy U pa3biIMEHOBAaHUs Kjacca SmartPtr.

OcTajibHbIC CBOICTBA HE HACTOJILKO BaXXHbI, YTOOBI CO3/1aBaTh /IS HUX OTAEIbHBIE CTpareruu.

e Omeparop B3ATHSA ampeca (pasmen 7.6) JTydiire He TeperpyXaTh.
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. HpOBepKa PaBCHCTBA N HEPABCHCTBA BLIITOJIHACTCA C IIOMOILIBIO IMTpUEMA, OITMCAHHOTO
B paszene 7.8.

e OrtHouleHus1 mopsiaka (pasmen 7.9) ocraiorcss Hepeaau3oBaHHbIMU. OnmHako B OuO-
nuoreke Loki ocyuiecTsisiercss cneuvanuzainvs @yHkuun std::Tess misg o0bEKTOB
Kkjacca SmartPtr. [loap3oBareb MOXET OIPEaeIUTh onepaTop <, a oundauoreka Loki
TTOMOXET BBIPA3UTh Yepe3 HEro OCTaIbHBIC OMEepaTOPhl CPAaBHEHMUSI.

e B owubnuoreke Loki orpeneneHa KOppeKkTHas peanu3aldsi KOHCTAHTHBIX OOBEKTOB
Kjacca SmartPtr, 0ObeKTOB, Ha KOTOPbIE CChUIAIOTCSI MHTE/UIEKTYaIbHbIE yKa3aTeH,
a Takke UX 000MX OJHOBPEMEHHO.

e MaccuBbI CIIELMAIbHO HE IPEAyCMaTPUBAIOTCS, OJHAKO ONHA W3 TOTOBBIX peaiu3a-
LM CTpaTernM Storage MOXET yIajlsiTh MACCUBBI C TIOMOIIbIO orepaTopa deletel[].

Kaxaplii acriekT peanuzaumu kKjacca SmartPtr paccMaTpuBajCid OTIEIbHO OT OCTaslb-
HbIX. DTO MO3BOJISIET JIyullle pa3odpaTbcs B ux MexaHu3Max. HamHoro mosjesHee pa3zobpatb
peanu3aluio Ha YacTU U PACCMOTPETh UX MO OTAEIbHOCTU, YEM M3y4yaTb UX B KOMILIEKCE.

Paszoensii u eaacmeyii — 3710T crapbiii aesu3 Onus Llesapsi BmoaHe mpuroaeH sl pas-
paboTKM MHTEJJIEKTyaJIbHBIX yKazaTeseil. (bbloch 00 3akian, oH atoro He mpensuaen!) Mol
pa3buBaeM TMpoOJieMbl Ha HEOOJIbIIME COCTAaBHBIE KJIACCHI, HA3bIBAEMBIC cmpameuimu
(policy). Kaxnasi crpaterusi cBsi3aHa TOJIbKO C OJHUM aclleKToM peanusanuu kiacca. Kiacc
SmartPtr HacjiedyeT BCe 3TM KJacChl, OMHOBPEMEHHO MpUOOpeTasi BCe UX CBOKMCTBA. DTO
O4YeHb TMPOCTO M HEBEPOSITHO TMOKUIT MexaHu3M. Kpome Toro, Kaxmasi cTpaTerusi 3aaeTcst
OIHUM 1Ia0JOHHBIM MapamMeTpoM. DTO MO3BOJST CMEIIMBATh U COIJIacOBBIBATh CYIIECTBYIO-
1M€ KJIACChl CTpaTeTUil, a TakKe CO3/aBaTh HA X OCHOBE CBOU COOCTBEHHbBIE CTPATETUM.

IlepBbIM MaeT TMIT 0OBEKTA, HA KOTOPBIM CCHUIAETCS MHTEJJIEKTYaJIbHBIA yKa3aTesb, 3a
HUM — BCce CTpareruu. B mrore mosnydaercs ciemyroiee oObsIBIEHUE Kacca SmartPtr.

template

<

typename T,

template <class> class OwnershipPolicy = RefCounted,
class ConversionPolicy = DisallowConversion,

template <class> class CheckingPolicy = AssertCheck,
template <class> class StoragePolicy = DefaultSPStorage

>
class SmartPtr;

Caauvaja CJICOYECT YKa3bIBaTh CTPATCTUHN, KOTOPBIC HACTPAMBAIOTCA Yallle APYrux.

Huxe paccMaTpuBarOTCA TpC6OBaHI/IH, NpeabABIACMbBIC K YETBIPEM CTpaATErusaM, OIpeac-
JICHHBIM paHEC. Bce a3t CTpaTerunu JOJKHbI UMETh CEMAaHTUKY 3HaquHﬂ, T.€. OHU OOJKHBI
OIIPEACTIATh COOTBETCTBYIOIIME KOHCTPYKTOP KOIMMPOBAHUA MU OIIEPpAaTOp IMPHUCBAMBaHMA.

7.14.1. MHOronoTo4YHOCTb Ha ypOBHe 0OBbEKTOB

Crpaterusi Storage adbcTparupyeT CTPYKTYpY MHTeJUIeKTyalbHOro ykasatessi. OHa ocy-
LIECTBJISIET OTpee/ieHUe TUTIOB U XpaHUT (PaKTUUeCKUil 0OBEKT pointee_.

Ecim kiacc StorageImpl siBisieTcsl peanmsaliueil crparernd Storage, a storageImpl —
3T0 OOBEKT TUIIA StorageImpl<T>, TO MPUMEHSIOTCS KOHCTPYKIIMM, YKa3aHHbIe B Ta0. 7.1.

Peanuzaiius crpateruu Storage 1mo yMOJYaHUIO UMEET CJIEAYIOIINI BU/I.

template <class T>
class DefaultSPStorage

protected:
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typedef T* StoredType; // Tun obbekTa pointee_
typedef T* PointerType; // Tun obbekTa,
// BO3BpaljaeMoro onepaTtopoM ->
typedef T& ReferenceType; // Tun obmvekTa,
// BO3BpallaeMoro onepaTtopoMm *
public:
Defaultspstorage() : pointee_(Default())
{1
DefaultsSPSstorage(const StoredType& p): pointee_(p) {}
PointerType operator->() const { return pointee_; }
ReferenceType operator*() const { return *pointee_; }
friend inline PointerType GetImpl(const DefaultSPStorage& sp)
{ return sp.pointee_; }
friend inline const StoredType& GetImplRef(
const DefaultSPStorage& sp)
{ return sp.pointee_; }
friend inline StoredType& GetImplRef(DefaultSPStorage& sp)
{ return sp.pointee_; }
protected:
void Destroy()
{ delete pointee_; }
static StoredType Default()
{ return 0; }
private:
StoredType pointee_;
};

Kpome knacca DefaultSPStorage B 6ubiauoreke Loki onpeneneHsl cieayolre KIacchl.
o Kiacc ArrayStorage, ucnonbayoliuii oneparop delete[] BHyTpu yHKLIMM Destroy.

e Kiacc LockedStorage, UCIONB3YIOLINI MEPAPXUYECKYIO pPEATU3ALUIO0 MHTEJUIEKTY-
aJIbHOTO KJjlacca, 3aXBaThIBAIOIIETO JaHHBIE MPU pasdbiMeHOBaHUM (pasmen 7.13.1).

e Kiacc HeapStorage, HCIOJL3YIOIIMI SIBHBI BBI30OB OECTPYKTOpa U (PYHKIIUIO
std: :free g ocBOOOXIEHUST JaHHBIX.

Ta6nuua 7.1. KoHcTpykuum ctpaTterum Storage

Beoipaxenue CemanTnka

StorageImpl<T>::StoredType Tun, pakTuyecky XxpaHuMblii peanusauueit. 1o
YMOJYaHUIO: T*

StorageImpl<T>::PointerType Tun ykasareseid, onpeae/icHHbII pean3alueii.
BosBpaiiaercst oepatopoM —>, OIpeaeeHHbIM B
Kkiacce SmartPtr. ITo ymomyanuio: T*. Moxer
OTIMYaThCs OT TuMa StorageImpl<T>: :StoredType,
€CJIM MCTIOJIb3YeTCsl MepapXusl MHTEJUICKTYaIbHbBIX
ykazaresneit (pasnesst 7.3 u 7.13.1)

StorageImpl<T>::ReferenceType Ccpblnounblii TUN. Bo3Bpalaercst onepatopom *
Kkiacca SmartPtr. Ilo ymonuanumwo: T&

GetImpl(storageImpl) BosBpaluaeT o6beKT TUMA
StorageImpl<T>::StoredType
GetImplRef(storageImpl) BosBpalaeT 06LEKT TUIA

StorageImpl<T>::StoredType& (ecimu 0OBEKT
storageImp]l siBisieTcsl KOHCTAHTHBIM,
KOHCTPYKIIUST OOBSIBIISICTCS KOHCTAHTHOI)
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Oxonuanue maéba. 7.1

Boipaxkenue CeMaHTHKA

storageImpl.operator->(Q) BosBpaiaer 00beKT THIIA
StorageImpl<T>:::PointerType. Mcnonb3yercs
OrepaTropoM -> Kjacca SmartPtr

storageImpl.operator*() BosBpalaeT 06beKT THNa
StorageImpl<T>::ReferenceType.
HMcnosb3yeTcs omepaTtopoM * Kjacca SmartpPtr

StorageImpl<T>::StoredType p; BosBpaitaer 3HauyeHue, 3a0aHHOE 10 YMOJTYAHHUIO
p = storageImpl.Default(Q); (OOBIYHO HYJIb)
storageImpl.Destroy() Paspyiraer 06beKT, Ha KOTOPBII cChUIaeTCS

WHTEJUIEKTYaJIbHbIN yKa3aTeslb

7.14.2. Ctparerns Ownership

Crparerusi ownership fo/kHa MoOIAepXUBaTh Kak BHEAPEHHBIN, TaK M HE3aBUCHUMBIN
nozacyet ccblioK. CrieoBaTeibHO, OHA JOJKHA MCMOJb30BaTh SIBHBIE BbI3OBbI (DYHKIIMHU, a
He MeXaHM3M KOHCTPYKTOPOB M JIECTPYKTOpPOB, KaK 3To caeiaHo B pabote (Koenig, 1996).
[eno B TOM, 4TO (DyHKIMIO-YJIEH MOXHO BBI3BATh B JIIO0O0OE BpeMsl, a KOHCTPYKTOPBI U JIECT-
DPYKTOPBI BbI3BIBAIOTCS aBTOMATUYECKM U TOJIBKO B OTpelleJIEHHbIE MOMEHThHI BPEMEHU.

Peanuzaiust crpareruv Ownership uMeer oqvH 1IAOJOHHBIN MapaMeTp, COOTBETCTBYIOLIMIA
Tuy ykazatensi. Kiacc SmartPtr mepemaeT napameTp StoragePolicy<T>: :PointerType Kiac-
cy ownershipPolicy. Obparute BHMMaHWE Ha TO, YTO ILIAOJOHHBINA TMapaMeTp Kiacca Owner-
shipPol1icy siBisieTcsl TUTIOM yKazareJisi, a He 00bEKTa, Ha KOTOPBIf OH CChUIAETCS.

Ecnu xnacc ownershipImpl sBisercs peanusauueil crpateruu Ownership, a owner-
shipImpl — 3710 00BeKT THMa OwnershipImpl<P>, TO MPUMEHSIOTCS KOHCTPYKIIMU, YKa-
3aHHbBIC B TaOJ. 7.2.

Ta6nuua 7.2. KoHcTpykuum ctpaterum Ownership

Boipaxkenue CemaHTHKA

P vall; . Kionupyet 06bexT. Moxer MogubuIpoBaTh
P val2 = ownershipImpl.Clone(vall); ycxonmoe sHauenue, ecu B cTpaterun

ownership mpuMmeHsieTcst pa3pymiaroiiee

KOMMPOBaHME
const P vall; . KioHupyet oGbekT
P val2 = ownershipImpl.
Clone(vall);
P val; . OcBoOoxnaeT 00beKT. Bo3ppalaer 3HaueHue
bool unique = ownershipImpl. true, eciu OblIa OCBOOOXIEHA TIOCIETHSIS
Release(val); CChITKA Ha 00BEKT
bool dc = ownershipImpl<P>:: YcraHaBiMBaeT, NOJKHA JIM CTpaTerusi
destructiveCopy; ownership mpUMeHATH paspyluaollee

xormmpoBanve. Ecnu ma, kimacc SmartPtr
npuMeHsieT npuem KonsuHa—I'mb60oHca
(Meyers, 1999), ncnosib30BaHHbBIN B KIacce
std: :auto_ptr

212 YacTb Il. KOMNOHEHTHI



Peanu3zaius ctparerun ownership, ocCHOBaHHOW Ha TONCYETE CChLIOK, BBITJISIIUT Clie-
IYIOLIMM 00pa3oM.

template <class P>
class RefCounted

unsigned int* pCount_;
protected:
RefCounted() : pCount_(new unsigned int(1)) {}
P Clone(const P & val)
{

++*pCount_;
return val;

}

bool Release(const P&)
if (!--*pCount_)
{

delete pCount_;
return true;

return false;

enum { destructiveCopy = false } ; // cM. Huxe
;

Peanmu3oBarh 3Ty cTpaTeTWio Ha OCHOBE APYIMX CXEM IOJACYETa CCBIJIOK TaK e IPOCTO.
PaccMmotpum peanuszauuio ctpateruu ownership mist COM-00beKTOB. DT 00bEKTHl UMEIOT
nBe pyukiuu: Addref u Release. [Ipu nocieagHem BeizoBe (pyHKIIMKU Release 0ObEKT pa3-
pymaetcst. HyxkHo aunib nepenath aapec GpyHkuuu Clone B KauecTBe MapameTpa (pyHKIUMU
Addref u anmpec ¢pyHkuuUM Release B KauecTBe Mapamerpa GyHKUIMU Release, mpuHaje-
xkameit COM-00beKTy.

template <class P>
class COMRefCounted

{
public:
static P Clone(const P& val)

val->Addref(Q);
return val;

static bool Release(const P& val)

val->Release();
return false;

enum { destructiveCopy = false }; // cM. Huxe
};
B oubnuoreke Loki onpeneneHsl cneaylonme peanusaiuu crpateru ownership.

o Kiacc DeepCopy, onmucaHHbiii B pasaene 7.5.1. B Hem mpenarnonaraercs, 4To B Kjiacce,
Ha O0BEKThl KOTOPOTO CChUIaeTcsl ykasareidb (pontee class), peanuzoBaHa (yHKIIUS-
yjieH Clone.

e Kiacc RefCounted, onucanHblil B pazzaenie 7.5.3 U B JaHHOM paszielie.
o Kiacc RefCountedMT, MHOTOMIOTOUHAsI Bepcus Kiiacca RefCounted.

e Kiracc COMRefCounted — BapMaHT BHEIPEHHOTO TMOJCUYETa CCHUIOK, OMHUCAHHBIA B
JIAaHHOM paszerie.
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e Kiacc RefLinked, onucanHsblit B pasaeine 7.5.4.
e Kiacc DestructiveCopy, onucaHHbIN B pa3aene 7.5.5.

e Kiacc NoCopy, KOTOpblii He ompeneisier (GyHKiuio Clone, GJOKUpYS 000N BUI
KOTMIMPOBAHUSI.

7.14.3. Ctparerns Conversion

DTO AOBOJILHO TMPOCTAsl CTPATETHsl: OHA OMpeessieT OYJIeBCKYIO0 CTaTUYECKYI0 KOHCTaHTY,
3HAUYEHUE KOTOPOIl 3aBUCUT OT TOTO, pa3pelleHO B Kjacce SmartPtr HesBHOE IMpeobpaszo-
BaHME B 0A30BbIN TUM yKa3aTessl WU HeT.

Ecnu knacc ConversionImpl sBisgeTcs peanusauueil crpareruu Conversion, npume-
HSIIOTCSI KOHCTPYKIIMU, IPUBEACHHBIE B Ta0. 7.3.

bazoBblil TMN yKazatesnsi Kjiacca SmartPtr ompenessieTcsl crpaTerneil Storage v Kjac-
coM StorageImpl<T>::PointerType.

Kak u ciemoBasio oxujaatb, B 0ubauMoreke LoKi TOYHO omnpejaeseHbl IBe peaiu3alluu
crpateruu convesrion.

e Kiracc AlTowConversion.

e Kiracc DisallowConversion.

Ta6nuua 7.3. KoHcTpykuum ctpaTternu Conversion

Boipaxenue CemanTnka
bool allowConv = Ecnu koHctaHTa allow MMeeT 3HaueHMe true, Kiacce
ConversionImpl<P>::allow; SmartPtr nqomyckaeT HesiBHOE MpeoOpa3oBaHUE B

0a30BbIil TUI yKa3aTest

7.14.4. Ctpareruns Checking

Kak ykaspiBaoch B pasznene 7.10, mpoBepsATh OO0BbEKTHI Kjacca SmartPtr MOXHO BO
BpeMsl MHULMAIM3alUu U Mepel pa3biIMeHOBaHMEM. Bo BpeMsi MpoBEpKM MOXHO MCIOJIb30-
BaTb MaKpoC assert, UCKJIIOUUTEJIbHbIE CUTYalluH, JICHUBYIO WHUIMAIM3ALMIO WA BOOOIIE
HUYETO He JesaTh.

Crparerus Checking onepupyer kiaccom StoredType, MpyHAmIeXaIIUM CTpaTeruu Stor-
age, a He TUIIOM PointerType. (OmnpezaeneHue crpaterny Storage naHo B pazaene 7.14.1.)

Ecnu S — 510 coxpaHsieMblil TUII, OTNpeAe/eHHbId B peaqu3aluu cTpaTeruu Storage,
kinacc CheckImpl peanmsyer crpaternu Checking, a checkingImpl — 5T0 00BEKT THUNA
CheckingImpl<S>, TO MpUMEHSIOTCS KOHCTPYKIIMY, yKa3aHHbIe B Ta0. 7.4.

Ta6nuua 7.4. Konctpykuum ctpaterum Checking

Bripakenue CeMaHTHKA

S value; O0beKT Kiacca SmartPtr BeI3bIBaeT (QYHKIINIO ON-

checkingImpl.onDefault(value); pefault npu BBI30BE KOHCTPYKTOPA MO YMOYAHHIO.
Ecmu B ximacce CheckingImpl ara dynkius He
omnpenesieHa, KOHCTPYKTOP MO YMOJIYaHUIO
GJIOKMPYETCS Ha 3Tarne KOMITUISIIIUI

S val ue; . OOBeKT Kyacca SmartPtr BbI3bIBaeT QYHKINUIO On-
checkingImpl.onInit(value); Init npu BBI30BE KOHCTPYKTOPA
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Oxonuanue maobn. 7.4

Bripakenue CeMaHTHKA

S value; O0beKT Kiacca SmartPtr BeI3bIBaeT (QYHKIINIO ON-

%he%h 5191mp1 .Onbereference Dereference mepes BO3BpallleHUEM PE3yJIbTaTa
value); BBITIOJIHEHUSI OTIEPATOPOB -> U *

const S value; OO0BeKT K1acca SmartPtr BbI3bIBaeT (hyHKLIMIO ONn-

<(:he%:k1 SlgImp'I -Onbereference Dereference mepen BO3BPAILIEHAEM PE3Y/IbTATA
value);

BBITTOJIHEHUSI KOHCTAHTHBIX BEPCUI OMEPATOPOB —> U *

B oubnuoreke Loki onpenenens! cneaytomume peanusaiuu crpateruu Checking.

e Kiracc AssertCheck, ucnonb3ylonmii Makpoc assert g MPOBEPKU 3HAUCHUS Tie-
pen pa3bIMEHOBAHUEM.

e Kiacc AssertCheckstrict, ucnonb3yrolmii Makpoc assert i NPOBEPKU 3Haye-
HUS MPU MHULIMATIM3ALINY.

e Kracc RejectNullstatic, He ompenensitommit ¢yHkuuio OnDefault. Crnemosa-
TeJbHO, JII00Asl MOMbITKA BbI3BaTh KOHCTPYKTOP MO YMOJYaHMIO B Kjacce SmartPtr
MPUBEAET K MOSIBJIEHUIO OIIMOKY KOMIUJISIIIUU.

e Kiracc RejectNull, Bo3OYyXIaroMii UCKITIOYUTEIbHYIO CUTYAIINIO TIPU TIOTBITKE pa-
3bIMEHOBAHUSI HYJEBOTO yKa3aTesl.

o Kiracc RejectNullStrict, He MO3BOJSIOIIMIA MCIIOJb30BaTh HYJIEBOM yKa3aTelb B
Ka4yecTBe HayaJbHOTO 3HAYeHUS (TEeHEepUpYs TIPYU 3TOM UCKITIOYUTEIbHYIO CUTYalUIO).

e Kiacc NoCheck, oOpabarbiBaroliuii OMMOKKA B JIYYIIUMX Tpagunusx s3bikoB C u
C++, T.e. He POBEPSIIOLINI UX COBCEM.

7.15. Pe3iome

IMoznpasnsem! Bbl moGpanuch OO0 KOHIIA caMOil IIMHHOI M oOlIMpHON miaBel. Hameemcs,
BalllM yCUJIUSI ObUTM HE HarpacHbl. Ternepb Bbl MHOTOE 3HaeTe 00 MHTEJUIEKTYaTbHBIX YKa3aTelsIx
Y BOOPY>KEHbI JJAKOHUYHBIM U JIETKO HACTPaUBaeMbIM 1Ia0JOHHBIM KJI1acCcoM SmartPtr.

MHuTennexTyanbHble yKazaTeJu WMWTHPYIOT CMHTAKCHC M CEMAHTMKY TPOCTBIX yKa3aTesei.
Kpome Toro, oHu pemaroT MHOTM€ 3aJauyd, BBIXOMSIIME 3a Tpenesbl BOZMOXXHOCTEN MPOCTBIX
yKazaTesieil. 9T 3a7aud MOTYT BKIIIOYATh YITPABJICHUE BIAJIEHUEM U TTPOBEPKY 3HAYCHUI.

KoHueniuss MHTeNIeKTyalbHBIX yKas3aTejleil HaMHOro LIMpe MPOCThIX yKaszaTejeil. OHa
MOXET ObITh 0000IlleHa 10 YPOBHSI WHTEJ/UIEKTYaJbHBIX PECYpCOB, HANpMMEpP, MOHUKEPOB
(IeckpunTOPOB, HAMMOMUHAIOIIMX YKa3aTeJd, HO UMEIOLIMX MHOW CUHTAKCUC).

[TockonbKy MHTENIEKTYalIbHbIE yKa3aTeJd JIETKO aBTOMAaTU3UPYIOT MPOLIECChl, KOTOPbIE
MPaKTUYECKU HEBO3MOXHO DPeau30BaThb BPYYHYIO, OHU CTIM BaXXHBIM KOMIIOHEHTOM CO-
BPEMEHHBIX MPUJIOXKEHUI, OT KOTOPBIX TpeOyeTcs ocobast HaneXXHOCTb. UMEHHO OT HUX 3a-
BUCUT, OyIET Mporpamma BbIMOJHEHA YCIIEUTHO UK ee paboTa MpUBEAET K YTeUKe PECypcoB.

Bot mouemy pa3paboTYMKK MHTEUIEKTYaTbHBIX YKa3aTeael MOJIKHbBI YIEIsATbh UM 0co0oe
BHUMaHue. Co CBOEil CTOPOHBI MPOTrPAMMUCThBI, WMCIONb3YIOIINEe WHTE/UIEKTYalbHbIE yKa3a-
T€JIW, JOJKHBI XOPOIIO MOHUMATh MpaBujia paboThl C HUMU U TOYHO UM CJIeIOBATh.

[Mpencrapisiss peann3aluio MHTE/UIEKTYAbHBIX yKa3aTeeil, Mbl YAesJIM OCHOBHOE BHU-
MaHH€e BOMPOCY AEKOMMO3UIIMM (PYHKIIMOHAJTBHBIX BO3MOXHOCTE! Ha HE3aBUCHMMBIE CTpa-
TErnM, KOTOPbIE MOXHO COIOCTaBJsAITb U CMEIIMBaTh B Kjacce SmartPtr. Bo3mMoxHO Mo-
3TOMY, KaXjasi CTpaTerusi peajausyeT TIATeJIbHO MPOAYMaHHbI UHTEpdEiiC.
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7.16. KpaTtkuin 0630p knacca SmartPtr

216

OObBsIBIIEHUE KJlacca SmartPtr

template
<
typename T,
template <class> class OwnershipPolicy = RefCounted,
class ConversionPolicy = DisallowConversion,
template <class> class CheckingPolicy = AssertcCheck,
template <class> class StoragePolicy = DefaultSPStorage
>
class SmartPtr;

T — 3TO THUII, HAa KOTOPHIA YKa3bIBaeT OOBEKT Kiacca SmartPtr. Tum T moxer
OBITh BCTPOSCHHEBIM WJIM OIIPEIENISIThCS MOJb3oBaTeleM. JloImycKaeTcsl MCIIOJb30Ba-
HMe Tuna void.

[nst ocraBIIMXCS TapaMeTpoB I1HAa0JIOHHOro kiacca (OwnershipPolicy, Conver-
sionPolicy, CheckingPolicy u StoragePolicy) MOXHO peanu3oBaThb CBOM COOCT-
BEHHbIC CTpaTeruyd WM BbIOMpPATb MX MO YMOJYAaHUIO, KaK IOKa3aHO B pasaeiax
7.14.1-7.14 4.

[lIa6noHHbI mapameTp OwnershipPolicy 3amaeT crpareruio BiaaeHusl. B kauectse Ta-
KOl CcTpaTerMd MOXHO BBIOMpaTh Kjiacchl DeepCopy, RefCounted, RefCountedMT, COM-
RefCounted, RefLinked, DestructiveCopy u NoCopy, onucaHHbie B pasziene 7.14.2.

[lla6nonHbIlt apamMeTp ConversionPolicy ycTraHaBIMBaeT, NOIYCKAeTCS JIM HEsIB-
Hoe npeobpazoBaHue B 6a3oBbIii TUN ykazatess. [lo ymonuyaHuio HesiBHOE Mpeodpa-
30BaHUE 3ampelieHo. B o0oM ciyyae mOCTyn K OOBEKTY OCYIIECTBISIETCS C TMOMO-
kIO BbI30Ba (yHKIIMU GetImpl. B KauecTBe peanusaluy CTpaTerud MOXHO UCIONb-
30BaTh Kjacchl AllowConversion u DisallowConversion (paznen 7.14.3).

[la6nonubiii mapamerp CheckingPolicy 3amaer ctpareruto rposepku oimook. [lo
YMOJYaHUIO MOXHO MCIIOJIb30BaTh Kjacchl AssertCheck, AssertCheckStrict, Re-
jectNullstatic, RejectNullstrict u NoCheck (pasnen 7.14.4).

[lIa6noHHbI TIapaMeTp StoragePolicy ompeaenseT MeEXaHW3M XpaHEHUsS U JOCTyra K
00bekTy. Ilo ymomuaHuio npumMeHsieTcsl Kiaacc DefaultSPStorage, KOTOpbI, Oymydn
KOHKPETU3UPOBAH TUIIOM T, OMpEAE/sieT CCbUIOUHBIM TUM T&, COXpaHsSeMblid TUI T*, a
Takxke TUM T*, BO3BpalllaeMblii orepatopoM ->. B oubnuoreke Loki onpeneneHbl Takxke
COXpaHsieMble TUTIBI ArrayStorage, LockedStorage u HeapStorage (pasnen 7.14.1).
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MDABPUKN OBBLEKTOB

i1 MOCTMDKEHUMSI BBICOKOTO  YPOBHSI  aOCTpakllMM W MOOYJBHOCTU B  OOBEKTHO-
OPMEHTHPOBAHHBIX MPOrpaMMax TPUMEHSIFOTCSI MEXaHU3M HacJIeIOBaHMSI W BUPTYalbHBIC (hYHK-
umu. [MomumopdusM, MpeaocTaBisiorii BOSMOXHOCTb OTJIOXKUTh BbIOOD BbI3bIBAEMOI (hYHK-
LMY Ha TIEpUOJ BBITTOJTHEHMSI TIPOrPaMMbI, 0OECTIEYMBAET TIOBTOPHOE MCITOIb30BaHME OMHAPHOTO
Koza u ero aaantauuio. CucteMa MoJaepKKK BbIMTOTHEHMS TPOrpaMM aBTOMaTUYECKU pacrpesie-
JIIET BUPTYaJIbHbIe (DYHKIIMM IO COOTBETCTBYIOIIMM OOBEKTaM MPOU3BOIHBIX KJIACCOB, ITO3BOJISIS
onucaTh CIOXKHOE MOBEAEHUE C MOMOIIbLIO TOTUMOPMOHbBIX TPUMUTUBOB.

[Maparpad, mpuBeneHHBIN BBIE, MOXHO HATH B JTIOOOM KHMTE, MTOCBSAIIEHHON OOBEKT-
HO-OPUEHTHPOBAHHOMY MPOrPaMMMPOBAaHUIO. Mbl LIUTUPYEM OTH BBICKA3bIBAHMSI Ul TOTO,
YTOOBI TMPOWLTIOCTPUPOBATh KOHTPACT MEXIy OJaromnoJydHbIM COCTOSTHUEM Jiel B
“CTallMOHAPHOM DPeXUMe” M CIOXHON CUTyalMei, CKJIaablBalolleiicss B “pexume WHMILIMA-
Jiu3aiun”, Koraa 00beKT HY>XKHO co3dasams C TIOMOIIbIO TTOMUMOP(MHBIX METOIOB.

B crauuMoHapHOM pexume y Hac yxXe eCTb yKazaTeJM WU CChUIKM Ha MOJUMOPGdHbBIE
OOBEKTHI, 1 MBI MOXEM BBI3BIBATH COOTBETCTBYIOIIME (DYHKIMU-UWIeHbl. VX TuHaMUYecKuii
THUIT XOPOLIO M3BECTEH (XOTS BBI3BIBAIOLIMII MOAYJIb MOXET ero He 3HaTb). OIHAKO CylLIecT-
BYIOT CJIyyau, KOTJa TIpU CO3MaHWM OOBEKTOB HYXHa TakKasl K¢ TMOKOCTb. DTO MPUBOAMUT K
Mapanokcy “BUPTYyaJbHbIX KOHCTPYKTOPOB”. BuHpTyajibHble KOHCTPYKTOPbI HEOOXOMMMBbI,
Korma MHGOPMAaIMsSI O CO3JaBaeMOM OOBEKTe HOCUT AMHAMMUYECKHUI XapakTep W HEe MOXKET
ObITb MCIOJIb30BaHa B KOHCTPYKIUSIX s13biKa C++ HemocpencTBEHHO.

Yaiie Bcero moauMopdHbIe 00bEKTHI CO3MAIOTCS B TUHAMUYECKON MaMSITU C ITOMOIIBIO
orneparopa new.

class Base { ... };
class Derived : public Base { ... };
class AnotherbDerived : public Base { ... };

// Co3paem obbekT knacca Derived u npucBavBaem ero ajpec

// yKasaTenw Ha Knacc Base

Base* pB = new Derived;
[IpoGiiemMa BO3HMKAET OTTOTO, YTO (hakTHUeCKMii TUM Derived yKa3bIBaeTCsl HETTOCPEICTBEHHO B
BBI30BE orepatopa new. Mexay nmpounM, kiacc Derived 34ech UIpaeT Ty XK€ POJib, YTO U SIBHO
3a7aHHbIE YMCIIOBbIE KOHCTAHTHI, KOTOPBIX ciieayeT u3beratb. Ecim Hy>XKHO co3naTh OObEKT THUIA
AnotherbDerived, TpPUXOAUTCS W3MEHSITh COOTBETCTBYIOLIMI oOMEpaTop W W3MEHSTb TUI
Derived Ha AnotherDerived. Cuenath 3TOT TMpoLIECC TMHAMUYECKMM HEBO3MOXHO: OMepaTropy
new MOXHO T€PeIaBaTh TOJbKO TUIbI, TOYHO U3BECTHBIE BO BPeMsI KOMITWJISILIM.

B srom 3akmiouaeTcss MpUHIMIMAIbHAS PA3HUIIA MEXIY CO3MaHMEM OOBEKTOB U BBI3O-
BOM BUPTYaJIbHbIX (DYHKLMI-4eHOB B si3bike C++. BuptyanbHbie (yHKUIMU-YICHBI SIBJISI-



I0TCSI TMHAMWYECKUMU — WX TIOBEIEHHEe MOXHO W3MEHSITh, HE MOIUMUILIMPYS BBI3bIBAIO-
WA KOI. B MpOTUBOMOMOXHOCTL 3TOMY, KaXIoe CO3MaHUEe OOBEeKTa — BTO KaMeHb TIpe-
TKHOBEHHUS I CTaTUYECKOTO, JKECTKO OIpeAe/IcHHOrO Koma. B pe3yibTarte BBI3OBBI BUPTY-
TbHBIX (DYHKIIMI CBSI3bIBAIOT BBI3BIBAIOIIMI KOA TOJbKO ¢ MHTepdeiicoM (6a30BbIM Kiac-
coM). OOBEKTHO-OPUEHTUPOBAHHOE IMPOTPaMMHUPOBAHNE CTPEMUTCS CHSTh OTpaHUUYCHMS,
HakJ1aabiBaeMble HEOOXONMMOCTbIO YKa3biBaTh (DaKTUUECKUI TUIT CO3MABa€MOro OOBEKTa.
OpHako, 1o KpaiiHeit Mepe B si3bike C++, co3maHue OOBEKTOB IMO-TIPEKHEMY CBSA3bIBACT
BbI3bIBAIOLLMI KOJI ¢ KOHKPETHBIM KJIaCCOM, HaXOASIIIMMCSI Ha CAMOM JHE UepapXUUU.

Ha camom niene 3Ta mpobireMa HAMHOTO TITyOXe: Take B TTIOBCETHEBHOM KU3HU CO30AaTh HEUTO
W TIOJTb30BaThCSl MM — COBEPILICHHO pa3Hble Belid. OOBIMHO TPEeIIonaraeTcsi, 4ro, Co3aBast Oll-
pe/iesieHHbI 00bEeKT, Bbl TOUHO 3HaeTe, UTo Oynere ¢ HUM jenatb. M Bce ke MHOorma B 3TOM Mpa-
BUJIE BO3HUKAIOT UCKITIOUEHUST. DTO MPOUCXOMUT B CIICAYIOIINX CUTYALIHSIX.

e Ecim TouHOe 3HaHME O KaKOM-TO OOBEKTe HYXKHO TepemaTh APYroi cylrHoctu. Harpu-
Mep, BMECTO HEIMOCPEACTBEHHOIO BbI30BA OMNeEpaTopa hew MOXHO BbI3BaTh BUPTYAIbHYIO
dyHKIIMIO Create, MpUHALIECKAIIYIO O0BEKTY 00Jiee BHICOKOTO MEepapXUUYeCKOro YPOBHS,
TO3BOJISIST MOJIb30BATENSIM U3MEHSITh €r0 MOBEIEHUE C TIOMOIbLIO TOTUMOpdU3Ma.

e FEciau 3HaHug 00 OOBEKTe HE MOTYT OBITh BBIPAXEHBI C MOMOIIBIO CPENCTB S3bIKa
C++. Hanpumep, nycth 3amaHa ctpoka "Derived". B sTtom ciiyyae mporpamMmMucT
TOYHO 3HAET, YTO HYXHO CO3[aThb O0BEKT TUMNa Derived, OAHAKO 3Ty CTPOKY HEBO3-
MOXHO TIepeaTh OMepaTopy new B KAYeCTBE UMEHU TUIIA.

Hnst penieHUs 3TUX MPUHIMITAAILHO BaXKHBIX 3amay TMpemHa3HauyeHbl (abpuku o0beK-
TOB. B 3TOii rmaBe 00CYXIal0TCs CEAYIOIINE TEMBI.

e Cutyaluu, B KOTOPbIX HEOOXOAMMBI (habprKu OOBEKTOB.

e [loyemy BUpTYyabHbIE KOHCTPYKTOPBI TPYIHO peaanu3oBaTh B s3bike C++.
e Kak coznaBaTh 00BEKThI, 3a1aBasi MX TUIIbI B BUJE 3HAYECHUIA.

e Peanuzanus o60011eHHOM (abpuKu 00BEKTOB.

B KoH1e r1aBbl MBI MOCTPOMM 0000I1LeHHYI0 (abpuky o6beKToB. Ee MoXHO HacTpau-
BaTh MO TUIY, CIIOCOOY CO3JaHUs U METOAY UAECHTU(UKALUMU 00beKTOB. PaGpuKy 0OBEKTOB
MOXKHO MCIIOJIb30BaTh B COYETAHNUM C APYTMMU KOMITOHEHTaMU, OITMCAHHBIMU B 3TOW KHUTE,
HampuMmep, CUHTJITOHaMu (rjiaBa 6) — id co3maHusl (aOpUKNU OOBEKTOB BHYTPH TPUIIOKE-
HUs 1 QyHKTOpamu (TJ1aBa 5) — ISl HACTPOUMKM paboThl (abpuku. Mbl paccmoTpum habd-
PUKY KJIOHOB, KOTOpasi MOXET CO3/1aBaTh NyOJMKAThl 0OBEKTOB JIIOOOTO THUTIIA.

8.1. Anga 4yero HyXHbl PadpuUKu 00bEKTOB

Dabpuku 00BEKTOB HYXXHBI B IIBYX clydasix. Bo-TiepBbIX, Korma 6uGiIMoTeKa ITOJKHA HE
TOJIbKO MaHMITYJIUPOBaTh TOTOBBIMU O0BEKTaAMU, HO U co3daBaTh Mx. Hampumep, npeacraBb-
Te cebe, YTO Mbl pa3pabaTbiBa€M WHTETPUPOBAHHYIO CPENy JJIsi MHOTOOKOHHOTO TEKCTOBOTO
penakTopa. [TockosnbKy 3Ta cpefa A0JKHA ObITh JIETKO PAacIUpsSIeMOid, Mbl TIpeaycMaTpuBaeM
abCTpaKTHBIN Kjlacc Document, HA OCHOBE KOTOPOTO TOJIb30BaTe/IM MOTYT CO3/1aBaTh MPOU3-
BOIHbIE KJacchl TextDocument u HTMLDocument. [Ipyroif KOMIIOHEHT WHTErpUPOBAHHOM
cpenbl — Kjacc DocumentManager, XpaHsIIUiA CIIMCOK BCEX OTKPBITHIX TOKYMEHTOB.

Crnenyer yCTaHOBUTH TMPABUJIO: KaXIblil JOKYMEHT, CYIIECTBYIOIIMN B TPUIIOXEHUH,
JIOJIKeH ObITh M3BECTEH Kiaccy DocumentManager. CrenoBaresibHO, CO3JaHUE HOBOTO J0-
KYMEHTa TECHO CBSI3aHO C €r0 BCTaBKOM B CIUCOK JOKYMEHTOB, XpaHSIIWICS B Kjacce
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DocumentManager. Korma nse ornepanv HACTOJIbKO TECHO CBA3aHbI, JIY4YILIC BCEro Onucarb
HX C MIOMOLLIBIO OXHOM U TOH XKe (pyHKL[I/II/I W HUKOTIJa HE BBIIIOJIHATL IO OTACIbHOCTU.

class DocumentManager

{

public:

Document* NewDocument();

virtual Document* CreateDocument() = 0;
private:

std::Tist<Document*> 1istOofDocs_;

};

Document* DocumentManager: :NewDocument()

¢ Document* pbDoc = CreateDocument();
Tistofbocs_.push_back(pDoc);

) return pboc;

®yHKMg-wieH CreateDocument 3aMeHsieT BBI3OB omepatopa hew. OyHKIUA-YIeH
NewDocument HEe MOXET MCMOJb30BaTh OMepaTop new, MOCKOJbKY MPU HAMMCAaHUU Kjacca
DocumentManager ellle HEM3BECTHO, KaKOW KOHKPETHO AOKYMEHT OyneT co3maH. s Toro
YTOOBI MCMOJb30BaTh UHTETPUPOBAHHYIO Cpelly, TPOrpaMMMCT CO3aeT MPOU3BOMHbBIN KIacc
Ha OCHOBe Kjacca DocumentManager U 3aMellacT BUPTYAJbHYIO (QYHKIHIO-WICH
CreateDocument (KoTopasl HOJKHA ObITh YMCTO BUpTyaibHOi). B kHure GoF (Gamma et
al., 1995) metron CreateDocument Ha3biBaeTcs ¢abpukoi (factory method).

ITockoabKy B MPOM3BOAHOM KJIacCe TOYHO M3BECTEH TUIl CO3JaBaeMOro MeToja, orepa-
TOp New MOXXHO BBI3BIBATb HEIMOCPEACTBEHHO. TakuM 00Opa3oM, B MHTETPUPOBAHHOW cpene
He 00s13aTeIbHO XPaHUTh MHGOPMALIMIO O TUIE CO3/1aBaeMOro JOKYMEHTa U MOXHO OMNepu-
poBaTh TOJIBKO 0a30BBIM KJIacCOM Document. 3aMellieHue (QYHKIUI-YWICHOB OCYIIECTBIISCT-
Cs1 OYeHb MPOCTO U, MO CYTH, CBOAUTCS K BbI3OBY olepaTopa new.

Document®* GraphicDocumentManager ::CreateDocument()

{
3

B TO Xe Bpemsi mpuiioxkeHue, TOCTPOEHHOE HAa OCHOBE 3TOM MHTErPUPOBAHHOW CpEbI,
MOXeT MOJIEPXUBATh CO3JaHUE HECKOJbKUX TUIIOB NTOKYMEHTOB (HalpuMep, PacTpOBYIO U
BEKTOPHYIO rpacduKy). B aToM ciydae 3amelieHHas QyHKIMsA-wieH CreateDocument MOXeT
BBIBOJIMTh HAa 9KpaH NMAaJoroBoe OKHO, Mpeajiarasi Mojb30BaTesi0 BBECTH KOHKPETHBIN THUII
CO31aBaeMOT0 JOKYMEHTA.

OTKpbITUE TOKYMEHTa, paHee COXpPaHEHHOIo Ha JMCKe, CO3/[aeT HOBYIO W 0oJjiee CIOX-
HYIO TIpO0JiEMy, KOTOPYIO MOXHO PEILIUTh C TTOMOIIbI0 (habpuku 00bEeKTOB. 3anuchiBasi 00b-
eKT B aiis, ero (pakTyecKuil TUM CJeayeT COXPaHIThb B BUJE CTPOKH, LIEJIOr0 yuciaa Win
KaKoro-HuOynp naeHTudukaTopa. TakuMm oOpa3oM, XOTsI MH(OPMALMSI O TUIIE CYIIECTBYET,
(opMa ee xpaHeHUsI He MO3BOJISIET cO3MaBaTh 00BEKTHI si3bika C++.

DTa 3a7aya HOCHUT OOIIWIA XapaKTep M CBsA3aHA C CO3MaHUEM OOBEKTOB, TUIT KOTOPBIX OIl-
penessieTcs BO BpeMsl BBITTOJIHEHHUsI TPOrpaMMbl: BBOAMTCS MOJIb30BATEEM, CUUTHIBAETCS U3
(haiina, 3arpyxaercsi U3 ceTv U T.M. B 3TOM ciiyyae CBSI3b MEXIy TUIIOM M 3HAYEHUSIMU €lle
rayoxe, yeM B MoJuMopdu3Me: MCMOJb3Ys MOIUMOP(U3M, CYLIHOCTh, MAHUITYJUPYIOLIAs
00BEKTOM, HUYETO HE 3HAET O ero THUIIe; OJHAKO CaM OOBEKT MMEET TOYHO OIpeaeeHHBIN
tun. [Ipyu cUUTHIBAHUM OOBEKTOB M3 MECTa MX MOCTOSTHHOTO XpaHEHUs TUIl OTPbIBAETCSl OT

return new GraphicbDocument;
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00BbEKTa U JOJDKEH caM Mpeodpa3oBhIBaThCs B HEKUI 00beKT. Kpome TOro, CUYMTHIBaTH 00B-
€KT 13 MeCTa ero XpaHeHus CJeayeT ¢ MOMOIIbIO BUPTYabHON (DYHKIIUU.

CoznaHue o0BbeKTOB M3 “yncTOi” MH(MOpPMAIIMU O TUIE U MOCJeaylollee Mmpeodpa3oBa-
HUe duHamuyeckol VHGOPMALUU B cmamuueckue TUnbl s3bika C++ — BaxHas mpobiema
npu pa3paboTke ¢adbpuk o0bekToB. OHa paccMaTprBaeTCsl B CJEAYIONIEM pas3jiere.

8.2. ®abpukun 06bEKTOB B A3bike C++: knnaccbl U 00bEKTbI

YT00OBI HATH pelleHNe MPOoOJIeMbl, HY>KHO XOPOIIO B Heil pazoopaThes. B aToMm paznene
MBI TIOTIBITAEMCSI HAWTU OTBETHI Ha CJemyolrMe BOMpOockl. [loueMy KOHCTPYKTOPBI B sI3bIKE
C++ umMmeroT Takue XecTkue orpaHuyeHusi? [loueMy B camMOM sI3bIKE HET TMOKUX CpPEACTB
IIJISI CO3MaHUsI OOBEKTOB?

ITouck oTBeTa Ha 3TU BOMPOCHI MPUBOAUT HAC K OCHOBAM CUCTEMbl TUMOB si3bika C++.
PaccmoTpum crnenyroiuii onepaTop.

Base* pB = new Derived;

st TOro 4TOOBI MOHSTh, MOYEMY OH MMEET HACTOJbKO XECTKHME OrpaHUYeHUs], HaM HY>KHO
OTBETUTH Ha J1Ba Bompoca. YTo TaKoe KJIacC M 4YTO Takoe OOBbeKT? DTH BOIPOCHI BHI3BAHBI
TEM, YTO OCHOBHOI MPUUYMHON HEymOoOCTB B MPUBEACHHOM BbIILLIE OMEPATOpe SIBJASETCS UMSI
Kiacca Derived, KoTopoe TpeOyeTcsl SIBHO 3aJaBaTh B OIepaTope new, XOTS MBI ObI TIpe.-
MOYJIM MPEACTaBUTh 3TO UMS B BUIIE 3HAYEHUsI, T.€. OObEKTa.

B si3pike C++ Kiacchl M 00BEKTHI — COBEPIICHHO pa3Hble cylHocTH. Kitacchl co3maior-
CsA TPOTPaMMUCTOM, a OOBEKTHl — IMporpamMmoil. HoBbIl Kilacc HEBO3MOXKHO CO3IaThb BO
BpeMsI BBITMIOJTHEHMS TPOTPaMMBbl, a 0OBEKT HEBO3MOXHO CO37aTh BO BpPeMs KOMITHIISIIUU.
Knaccbl He MMEIOT CeMaHTUMKM 3HAYEHUIi: UX HEJb3s KOMUPOBaTh, XPaHUTh B MepeMEeHHOMN
WJI BO3BpallaTh U3 QYyHKIIUU.

Cy1IeCcTBYIOT SI3bIKM, B KOTOPBIX KJIACChl SIBJSIIOTCS ofsekmamu. B aTHX si3bIKaX HEKOTO-
pble OOBEKTHI C OMpPEACICHHBIMU CBOMCTBAMU IT0 YMOJTUAHMIO pacCMaTpUBAIOTCS KaK Kiac-
cbl. CrieioBaTe/IbHO, B 3TUX SI3bIKaX BO BPeMsI BBITIOJHEHUSI MPOTrpPaMMbl MOXCHO CO31aBaTh
HOBBIE KJIAaCChI, KOTIMPOBATh WX, XpaHWUTb B TepeMeHHBIX U T.0. Ecim 6b1 s3bIk C++ OBUI
OIIHUM M3 TaKUX SI3bIKOB, MOXHO ObUIO Obl HamucaTh MPUMEPHO TaKOM KO[I.

// NpeaynpexaeHne — 3T0 HE C++

// ByaeMm cuMTaTb, 4TO Class — 3TO KjnacC U 06BLEKT OAHOBPEMEHHO
Class Read(const char* fileName);

Document®* DocumentManager: :0OpenDocument(const char* fileName)

Class theClass Read(fileName) ;
Document®* pDoc = new thecClass;

}

Takum 00pa3om, mepeMeHHyo Tuna Class MOXHO OblJIO Obl TiepeiaBaTh OINEpaTopy New.
B pamkax sToil mapaaurmbl nepenaya M3BECTHOIO MMEHHU Kjlacca orepaTopy new HHYeM He
oTJINYajach Obl OT SIBHOTO yKa3aHUsI KOHCTAHTHI.

B Takux nMHamMuyeckux sI3bIKax 3a CYeT MOTEePU TMOKOCTU NOCTUTHYT OMNpeAeSeHHbII
KOMIIPOMMCC MEXIy TUTIOBOUN 0€301acHOCTbIO U 3((HEKTUBHOCTHIO, MOCKOIbKY CTaTU4ecKast
TUMU3ALMST — 3TO BAXHBII KOMIOHEHT oNTUMU3aluu Kojaa. B si3pike C++ mpuHAT NpsiMo
MPOTUBOIOJIOXHBIA MOAXOA — OIMOpa Ha CTATUYECKYIO CUCTEMY THIIOB, MO3BOJSIONIAST 1OC-
TUTaTb MAaKCUMaJIbHOM I'MOKOCTH.

Hrak, coznanue ¢abpuk o0beKTOB B sa3bike C++ mpencrapisieT co00i CIOXHYIO 3amady.
B s3pike C++ Mexay TUMamMu M 3HAYEHUSIMU JIEXKUT MPOMNAacTh: 3HaYeHWE HMMeeT TUIl, HO
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TUTT HE MOXKET CYIIECTBOBAThb caM Io cebe. [l co3maHus oObeKTa YMCTO TUHAMUYECKUM
CIocoOOM HYXXHO HWMETb CPEACTBAa Uil BbIpaXeHUsl “YUCTOro” TWMa, Mepeaayd ero BO
BHEIIIHIOIO Cpely W CO3MaHUs 3HAYeHUsI Ha OCHOBe 3TOi MHbopmaruu. [1ocKoNbKy 3TO He-
BO3MOHO, HY>KHO KaK-TO BBIPa3UTb TUIIBI C ITOMOLLBIO OOBEKTOB — LIEJIBIX YMCEN, CTPOK U
T.I. 3aTeM cieAyeT NMpuayMaTh CocoObl UACHTU(MUKAIIMKA TUIOB U CO3MAHMSI HAa UX OCHOBE
COOTBETCTBYIOIINX 00beKTOB. PDopMysia 06bEKT-TUIT-00BEKT JIEKUT B OCHOBE cO3maHus (ad-
DPUK OOBEKTOB B SI3bIKAX CO CTATUUYECKOW TUIH3ALUEN.

OObeKT, WACHTU(DULIMPYIOIIMI TUM, Mbl OyleM Has3bIBaTh udermughukamopom muna (type
identifier) (He myraiite ero ¢ kimoueBbIM clloBoM typeid.) MnmeHTudukaTop THMIa IO3BOJISIET
(habpuke 0OBEKTOB CO3MaBATh COOTBETCTBYIOIIMI THTL. Kak MbI YBUIMM BIOC/IENCTBUU, MHOTIA
MAEHTU(DUKATOP TUMA MOXHO CO3[aBaThb, HUYErO He 3Hasi O TOM, YTO Y HAcC €CTb U YTO MbI TIONy-
quM. DTO TMMOXOXE Ha CKa3Ky: Bbl HE 3HAeTe TOYHO, YTO O3HAYaeT 3aKIMHAHWE (M TILITAThCS 3TO
y3HaTh ObIBaeT HeGE30MacHO), HO TIPOM3HOCUTE €ro, U BOJILEOHUK BO3BpAILIAET BaM TMOJIEZHYIO
Belb. Jletanu 3Toro npeBpailleHrs 3HaeT TOJIbKO BOJIIEOHUK. .., T.€. (habpukKa.

Mpel mocTpouM mpocTyio ¢GabpuKy, pellalollyl0 KOHKPETHYIO 3alady, pacCMOTPUM ee
pasHble peajn3alliu, a 3aTeM BBIICINM e¢ 00OOIIEHHYIO YacTh B 1IIA0JOHHBIN Ki1acc.

8.3. Peanusauua padbpuku 06beKTOB

JormycTtuM, 4TO MBI CO3IaeM MPWIOXEHNE U PUCOBAHUSI, MTO3BOJIIIONIECE PEJAKTUPOBATH
MPOCThIE BEKTOPHBIC PUCYHKH, COCTOSIIIME M3 JIMHHI, OKPYKHOCTECi, MHOTOYTOJIbHUKOB U
T..! B pamMkax KiIaccMYecKoil OObeKTHO-OPMEHTHMPOBAHHOM IMApaaiurMbl Mbl OINpeessieM
abCTpaKTHBINM Kitacc Shape, U3 KOTOPOTO OYAYT BHIBENEHBI BCE OCTAbHBIC (DUTYPHI.

class Shape

public:
virtual void Draw() const = 0;
virtual void Rotate(double angle) = 0;
virtual void zoom(double zoomFactor) = 0;

};

3aTeM MOXHO OIpelesuTh Ki1acc Drawing, comepxkalluii c1oxHbi pucyHok. [lo cyie-
CTBY, 9TOT KJIaCC XpaHUT HAOOp yKazaresiell Ha 0OBbEeKThl Kiacca Shape, T.e. CIIMCOK, BEKTOD
WJIA UePapXUYECKYIO CTPYKTYpY, U 0O0E€CleYMBaeT BBIMTOJIHEHUE OIEepaliii pucoOBaHUs B lie-
JioM. PazymeeTcsi, HaM TTIOHAaTOOUTCSI COXpAHSATh PUCYHKHU B (paiiin u 3arpyxkaTh UX OTTyAA.

CoxpaHUTb (UTypy MPOCTO: HYXHO JMIIb MPEAYCMOTPETh BUPTYAIbHYIO (DYHKIUIO
Shape::Save(std::ostream&). Omnepauusi Drawing::Save MOXET BbIIJISIETh CJEAyIO-
M 00pa3oM.

class Drawing
public:
void Save(std::ofstream& outFile);
void Load(std::ifstream& inFile);
1

void Drawing: :Save(std::ofstream& outFile)

I Dra paspaborka B myxe “3mpaBcTByil, MUp!” — XOpollasi OCHOBA JUISI TIPOBEPKYU 3HAHMS S3bIKA
C++. MHorue npo6oBaiu B Hell pa3o0parhesi, HO JIUIIbL HEKOTOPbIE U3 HUX TOHSUIM, KaK OOBEKT 3a-
rpyxaercst u3 aitia, yTo, B 00ILLEM-TO, JOBOJBHO BaXHO.
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3anucsbiéaem 3ae04060K PUCYHKA
for (daa kasxncdoeo anemenma pucyHka)

{

(mexywuii s2nemenm) ->Save (outFile);

}

OnucaHHbIN BbIILIE MPUMEP YacTO BCTPEYAETCsl B KHUTAX, MOCBAIIEHHBIX s13bIKy CH++,
BKJIIOYast Kiaccuueckyio kaury b. Crpaycrpyma (Stroustrup, 1997). OgHako B OOJBIIMHCTBE
KHUT HE paccMaTpuBaeTCsl onepalusl 3arpy3ky pyucyHKa u3 aiijia, MoToMy 4TO OHa paspy-
IIAeT 1eJIOCTHOCTh 3TOW MpPeKpacHOW Ha BUI MOIEIW. YTiybjieHue B JNeTalu 3arpy3Kud pu-
CYHKa 3aCTaBUJIO Obl aBTOPOB HaMmMucaTh OOJIbIIOE KOJIUYECTBO CKOOOK, HAPYIIMB rapMOHMUIO.
C npyroit CTOpOHbBI, UMEHHO 3Ty OTEPAlMI0 Mbl XOTUM peau30BaTh, MO3TOMY HaM MPUAET-
cs 3acyuyuTh pykasa. [Ipolne Bcero moTpe6oBaTh, YTOOBI B Hayajle Kaxaoro oobekTa Kiacca,
MPOM3BOAHOTO OT Kjacca Shape, XpaHUJICS LIETOUYMCICHHBIM YHUKAIbHBIM UASHTU(MUKATOP.
Toraa Koj /Uil CYMTHIBAHUSI PUCYHKA U3 (haiija BBIMJISIEA Obl CAEAYIOIIUM 00pa3oM.

// YHUKanbHbin ID ANA KaxAoro Tuna m3obpaxaemoro obbekTa
namespace DrawingType

const int
LINE = 1,
POLYGON = 2,
CIRCLE = 3
1

void Drawing::Load(std::ifstream& inFile)

// 0bpaboTka owunbok Ans MPOCTOTH MponycKaeTcs
while (inFile)
{

// CuynTbiBaeM Tun obbekTa

int drawingType;

inFile >> drawingType;

// Co3paeM HOBbIN MyCcTOW 06bekT
Shape* pcCurrentObject;
switch (drawingType)

{
using namespace DrawingType;

case LINE:
pCurrentObject = new Line;
break;

case POLYGON:
pCurrentObject
break;

case CIRCLE:
pCurrentObject = new Circle;
break;

default:

00pabomka owuoKU — Heu3eeCmHbIl mun 00seKma

new Polygon;

3

// CuynTbiIBAEM COAepxuMoe obbekTa,
// Bbi3biBasa BUPTYasbHYH (BYHKLUIO
pCurrentObject->Read(inFile);

dobaesasem 00seKm 6 KoHmelHep
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D10 Hacrosias (adpuka oobekToB. OHA cuMThIBaeT U3 aitia uaeHTUGUKATOP TUIIA,
OCHOBBIBASICb Ha 3TOM UAEHTUGUKATOPE, CO31aeT OOBEKT COOTBETCTBYIOIIETO TUMA U BbI3bI-
BaeT BUPTYaIbHYIO (DYHKIIMIO, 3arpyXkarolilyio 3TOT 00beKT u3 ¢aiina. OMHO TI0X0: BCE 3TO
HapylulaeT BaxKHbIe MpaBuia 00beKTHO-OPUEHTUPOBAHHOIO MPOrPaMMUPOBAHUSI.

o BrimonHsieTcsa orieparop swi tCh, OCHOBAHHBI Ha METKE TUIIA CO BCEMM BBITCKAlO-
UMM OTCIONA TMOCHencTBusIMu. MiMeHHO 3TO KaTeTOpUYCCKU 3alp€uIicHO B 00BEKT-
HO-OPUECHTUPOBAHHLIX IIporpaMmax.

e B omHoMm caiinie KoHIICHTpUpYyeTcs MHOpMaus 0060 Bcex Kiaccax, MPOU3BOIHBIX OT
Kiacca Shape, 4ro Takxke HexenateabHo. Daiin peanusaumyu GYHKUAKA Draw-
ing: :Save BBIHYXICH COmepKaTh BCE 3arOJIOBKM BCEX BO3MOXKHBIX (UTYp. DTO Aeja-
€T €ro YSI3BUMBIM M 3aBUCHUMbBIM OT KOMITHJISITOPA.

e Kiacc TpynHo pacumputb. [IpeacTaBeTe cede, 4To HaM MOHAAOOWIOCHh NOOABUTH HO-
Bylo ¢urypy, ckaxkeM, Kiacc E11ipse. Kpome cozmaHust HOBOro Kjacca, MpUAETCS
I00aBUTHh HOBYIO 1IEJIOYMCIIEHHYIO KOHCTAHTY B TPOCTPAHCTBO MMEH DrawingType,
3amucarb €€ MpU COXpaHeHMU 00beKTa Kjacca E11ipse u mo0aBUTh HOBYIO METKY B
oriepatop switch BHyTpu ¢dyHKUMU-YIeHa Drawing: :Load. U Bce aT0 paau omHO¥-
€IMHCTBEHHON (yHKLIMN!

IMorpobyem co3nath (abpuKy OOBEKTOB, JMIIEHHYIO YKA3aHHBIX HEIOCTATKOB. i 3TOro
TIPUZIETCS OTKA3aThCsl OT MCMOJIb30BaHMS oreparopa switch, 4ToObl Mbl MOIJIM BBITIONHSITh OTle-
palMM IO CO3AaH1I0 OOBEKTOB KJIACCOB Line, Polygon u Circle emMHOOOpa3HO.

st Toro 4ToObl CBSI3aTh MEXIy cO00l (hparMeHTbl KOa, JIyvllle BCETO MCIOb30BaTh yKa3a-
Teau Ha (YHKIMM, onmucaHHble B miaBe 5. MparMeHT HacTpauBaeMoro Koma (KaxIblii U3 aJie-
MEHTOB oreparopa switch) MOXXHO aGCcTparupoBaTh C TIOMOIIbIO CJIEMYIOIIEH CUTHATYPHI.

Shape* CreateConcreteShape();

dabpuka xpaHUT HAOOpP yKasaresieil Ha (YHKIIMM BMecTe ¢ curHatypamu. Kpome Toro,
HYXXHO YCTaHOBUTb COOTBETCTBME MeEXAY UIAEHTUGUKATOPOM THUIA U YyKazaTejeM Ha
dynkumio, cosmamnly odobekT. TakuM o6pa3oM, HaM HYXXEH acCOIIMAaTMBHBIN MacCHUB
(map), mpeaocTaBsSIOLIMI AOCTYIT K COOTBETCTBYIOUIEH (YHKIIMU MO UAECHTUGHUKATOPY
Thmna (MMEHHO TO, 4YTO jAejan oneparop switch). Kpome Toro, aToT MaccuB rapaHTUPY-
€T MacliTabupyeMoCTb, 4ero omneparop switch ¢ ero (GpuKcupoBaHHON CTaTHUUYECKOM
CTPYKTYpO#l obecrneyuTb He MOXeT. Bo BpeMsi BBIMTOJHEHMS MpPOrpaMMbl acCOLIMATUB-
HBIII MacCUB MOXET BO3pacTaTb — Mbl MOXEM JMHAMUYECKU NOOaBJSITb B HETO HOBbIE
3JIeMEHThI (KOPTEeXH, COCTOSIIME U3 UAEHTU(HUKATOPOB TUIOB U yKaszaTesel Ha (yHK-
LIMHA), a UMEHHO 3TO HaM W HYXHO. MOXHO HayaTb C ITyCTOTO MacCHBa, a 3aTeM KaxX-
NIbIii 00BEKT KJlacca, MPOU3BOJHOTO OT Kjacca Shape, 100aBUT B HETO HOBBIM 3JE€MEHT.

[MTouemy HeNb3s1 UCTONb30BaTh BeKTOp? UneHTUGhUKATOPBI TUTIOB SIBJISIIOTCS LEJBIMU
YycjaaMM, MO3TOMY MX MOXHO CUMTaTh MHIEKCaMM BEKTOpa. DTO Mpolle U ObICTpee, HO
aCCOLIMaTUBHBIN MacCUB Bce Xe Jiyuiie. MHIEeKChl B TAKOM MacCUBE He 00513aHbI ObITh
CMeXHBbIMU. Kpome TOro, B BEKTOpE MHIEKCHI MOTYT OBITb TOJIbKO LEJBIMUA YWCJIAMU, B
TO BpeMsl KaK MHIEKCOM acCOIMAaTMBHOIO MaccuMBa MOXET ObITb JIIOOOU THII, IJIs KOTO-
pPOro yCTaHOBJIEHO OTHOILIeHUe Mopsiaka. [Ipu o600IeHN Halllero mpuMepa 3ToT (akT
nmpuobperaeT ocoboe 3HAYCHHE.

HauHnem c paspaboTku Kiacca ShapeFactory, mpeaHa3Hau€HHOTo MJIsl CO3MaHUsI BCEX
00BEKTOB KJIACCOB, TTPOU3BOIHBIX OT Kiacca Shape. B peanusanuum kiacca ShapeFactory
Mbl Oy/IeM UCIOJIb30BaTh aCCOIMATUBHbBINA MAaCCUB U3 CTaHAAPTHON OMOIMOTEKU std: :map.

class ShapeFactory

{
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public:
typedef Shape* (*CreatesShapecCallback)();
private:
typedef std::map<int, CreateShapecCallback> cCallbackMap;
public:
// Bo3BpauwaeT 3HayeHWe true, ecaM perucTpauusa npowna ycneuwHo
bool Registershape(int shapeld,
CreateShapecallback createFn);
// Bo3BpauaeT 3HauyeHue true, ecnu ¢urypa shapeId
// yXe 3apeructpupoBaHa
bool Unregisteredshape(int shapeld);
Shape* CreateShape(int shapeld);
private:
callbackmap callbacks_;
1
D10 001Iag cxemMa MaciutabupyeMoii ¢abpuku. Dabpuka SIBISIETCI MaCLITaOUPYyeMOIA,
MOCKOJIBKY MpU J00aBJIeHUM HOBOIO KJjacca, MPOM3BOAHOrO OT Kjacca Shape, B Koa He
HY>XHO BHOCHUTh HUKakKux m3MeHeHmil. Kiacc ShapeFactory pasmensieT OTBETCTBEHHOCTH
Kaxasi HoBasl (pUrypa JIOJKHA 3aperMcTpUpoBaThesl B (habpuKe, BbI3BaB (DYHKIIMIO Regis-
terShape um mepenaB el LIEJIOYMCIICHHBI MASHTA(MUKATOP U yKa3aTelb Ha (PYHKIIMIO, CO3-
Jalolyo o0bekT. OObIYHO 3Ta DYHKIMS COCTOUT BCETO U3 OAHOM CTPOKH.

Shape* CreateLine()

return new Line;
y

Peanmuzanus kinacca Line Takke HOJDKHA 3aperMCTPUPOBATh 3Ty (YHKIUIO B OOBEKTE
Kiacca ShapeFactory, Ucnonb3yeMoM B NpuioxkeHUur. OOBIYHO JOCTYN K 3TOMY OOBEKTY
ABIgeTcs TIOOAIbHBIM.2 Perucrpalys BBITOJHSAETCA BMecTe ¢ MHMUManusaumei. CBa3b
KJacca Line ¢ ¢pabpukoii ShapeFactory ycTaHaBIMBAeTCS CIASAYIOIIM 00pa3oM.

// Moaynb peanusaumm knacca Line

// Co3paem 6e3bIMSHHOE MPOCTPAHCTBO WMEH,

// 4TOobbl caenaTb (GYHKLUMWIO HEBUAUMOM U3 APYFrUX MOAynen
namespace

{

Shape* CreateLine()
return new Line;

// WaeHTudukaTop knacca Line
const int LINE = 1;
// DonycTum, 4yTo dpabpuka TheShapeFactory —
// tabpuka cuHrnToHoB(CcM. rnaBy 6)
const bool registered =
TheShapeFactory: :Instance() .RegistersShape(
LINE, CreateLine);

}

bnaronapsi BO3MOXHOCTSIM, TIPEIOCTaBIEHHBIM CTaHAAPTHBIM aCCOIMaTUBHBIM MAaCCHBOM
std: :map, k1acc ShapeFactory peanusyercs Jierko. 1o cyuiectBy, hyHKIMU-YWIeHbl Kiac-
ca ShapeFactory nepeanpecyiT apryMeHTbl GyHKIMU-4IeHy callback_.

2 D10 ycTaHABAMBAaeT CBSI3b MeXIy (DabpUKaMu OOBEKTOB M CHHIJITOHAMHU. JleHCTBUTENBHO, B
GOJNIBIIMHCTBE ClyyaeB GaOpUKU f647/0mcs CUHIITOHaMU. Hioke B 9Toii TiiaBe MBI OOCYIMM, Kak WMC-
MOJTB3YIOTCST (DaGPMKKU C CUHIJITOHAMH, ONTMCAHHBIMU B IJ1aBe 6.
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bool ShapeFactory::RegisterShape(int shapeId,
CreateShapecallback createFn)
{

return callback_.insert(
callbackmap: :value_type(shapeId, createFn)).second;

bool ShapeFactory::UnregisterShape(int shapeid)
{

return callbacks_.erase(shapeld) == 1;

Ecnu Bl He 3HAKOMBI ¢ IIA0JIOHHBIM KJIacCoM std: -map, HpCZ[bII[yH_[I/Iﬁ KO HYXIacTCA
B INOSACHCHUSX.

e Kiracc std::map coaepXWT Mmapbl, COCTOSIIIME M3 KJOYeHd M JaHHBIX. B Hamem
cllyyae KJIIOYaMU SIBJISIFOTCS 1I€JIOYMCIIEHHBbIe MAEHTU(hUKATOPHl (UTyp, a ImaHHbIE
COCTOSIT U3 yKazarens Ha ¢yHKuMIO. Takue mapbl UMEIOT THUII
std::pair<const int, CreateShapecallback>. [Ipu BrizoBe PyHKIMU insert
HYXHO TiepenaBaTbh €ii 00beKT 3Toro Tuna. [TocKOoabKYy 3TO BBIpaXX€HUE CIUIIKOM
IJIMHHOE, B Kjacce std: :map MCMoyb3yeTcs ero cMHOHUM value_type. B kauect-
BE aJIbTEPHATUBBI MOXHO MCIOJIb30BaTh Takxke TUM std: :make_pair.

e @yHKUMSI-YIEH insert Bo3BpallaeT APYTryIo Mapy, Ha 3TOT pa3 COCTOSIIIYIO U3 UTe-
paTtopa (CChUIAIOIIETOCS Ha TOJBKO YTO BCTABJIICHHBIN 3JIEMEHT) M OYJIEBCKOMN Tiepe-
MEHHOH, MpUMHMUMaloLIel 3HaUeHue true, ecau 3HAYeHMs! B aCCOLIMATUBHOM MacCUBe
JI0 9TOr0 MOMEHTa He ObUIo, U false — B MPOTUBHOM cliyvae.

L (DYHKLII/IH—‘{J'[CH erase BO3BpallacT KOJIMYCCTBO YIAJICHHBIX 2JIEMCHTOB.

DyHk1Msg-wieH CreateShape MpocTo M3BJAEKAeT ykasaTeslb Ha (PYHKIIMIO, COOTBETCT-
BYIOIIMI TIOJly9YeHHOMY WMIEHTH(UKATOPY TUIIa, U BHI3BIBaeT ee. EciM BO3HWKaeT OIIMOKa,
TeHepUpyeTCsl UCKITIOYUTEbHAsI CUTYalIMSl.

Shape* ShapeFactory::CreateShape(int shapeId)
{

CallbackMap::const_iterator i = callbacks_.find(shapeId);
if (i == callbacks_.end())
{

// He HanjeH
throw std::runtime_error("Hen3sBecTHbn uaeHTUdNKaTop");

// Bbi3biBaeM QyHKUMIO AN CO3AaHUsA obbekTa
return (i->second)();

}

ITocMoTpuM, UTO JaeT HaM 3TOT MpOCTol Kiacc. BMecTo rpomosakoro oneparopa switch Mbl
MOJIYYUJTM TUHAMUYECKYIO CXeMY, TPEOYIOIIy0, YTOObI KaXIbliA THUIT PErUCcTpUpoBaics B ¢abpu-
Ke. DTO pacrpesessieT OTBETCTBEHHOCTb MeXIy Kiaccamu. Terepb, omnpenessisi HOBBINM Kiacc,
MPOU3BOAHBIN OT Kacca Shape, MOXHO MPOCTO dobasasmsy Daiiibl, a He MOUGUYUPOBams VX.

8.4. UpeHTndukaTopbl TUNOB

Ocranach omHa TpobyieMa — YyIpaBlieHHue MIeHTU(UKaTopaMu TUTOB. [lo-TipexHeMy
no0aBIeHe HOBBIX MICHTU(MUKATOPOB TUIIOB TPeOYyeT AMCIHUIUIMHUPOBAHHOCTH U IICH-
TPaJIM30BAaHHOTO KOHTpOJs. Jo0aBisisi HOBBIA Kjacc, MPOrpaMMUCT 00s13aH MPOBEPSTh
BCE CYIIECTBYIOIINE MACHTU(MUKATOPHI TUIIOB, YTOOBI HOBBIM WMACHTU(MUKATOP HE COBIAJ
co ctapbiMU. Eciu Bce ke coBIMaaeHUe MPOM30IILI0, BTOPOH BbI3OB (DYHKIIMU-YIeHA Reg-
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isterShape c TeM Xe caMblM UIEHTU(HUKATOPOM HE BBITIOJHSIETCS, U OOBEKT 3TOrO THUIIA
HE CO3JaeTcsl.

OTy mpobieMy MOXHO pPElIuTb, BbIOpaB i WACHTU(HUKATOPOB 00Jiee MOIIHBINA THII,
yeM int. B Hamem mpoekTe TUMI int BoBce He TpebOyeTcs. HyXHbI JIUIIb TUIIbI, KOTOpPHIE
MOTYT OBbITh KJIIOYUaMU aCCOIIMaTUBHOTO MAacCHBa, T.€. TUIbI, MOJAEPKMBAIOIINE OMEepaTOPbI
== " <. (BoT mouemMy cienyeT mpuMeHsTb acCOllMaTUBHbIE MAcCUBbI, a He BekTophl.) Ha-
MpUMep, UAEHTUMOUKATOPHI TUIOB MOXHO XPaHWUTh B BUJE CTPOK, CUWTas, YTO KaXKIbIi
KJacc MpeAcTaBieH CBOMM MWMEHeM: WAEHTU(MMKATOpOM TUIa Line sBIseTCS CTpOKa
"Line", Tuma Polygon — ctpoka "Polygon" u T.1. OTO MUHUMU3UPYET BEPOSITHOCTh COB-
MajgeHus UAeHTU(HUKATOPOB, MOCKOJIbKY UMEHA KJIACCOB YHUKAJIbHBI.

Eciu BBl mpoBomuTe KaHUKYbI, u3ydast si3bik C++, mpenbiayiiuii aparpad OymeT uisi Bac
MpeaynpeauTeSlbHbIM  curHasioM. JlaBaiite morpoOyeM npuMeHUTh Kiacc type_info! Kiacc
std: :type_info sBisieTcs yacTblo MHGMOPMALIMK O TUIAX BPEMEHU BBIMOJHEHUS! MPOrpamMMbl
(Run Time Type Information — RTTI), npemycmorpeHHbix sizbikom C++. CcbUlKy Ha Kjacc
std: :type_info MOXHO MOJy4yuTh, TIPUMEHUB Omeparop typeid K TUMY WM BBIPAKEHMUIO.
Knacc std::type_info comepxur yHKUMIO-WIEH name, BO3BpAILAIOLIYIO yKa3aTejlb THUIIA
const char®*, ccpUlalOlMiici Ha WMs TWIA. YKasaredb, BO3BPALLAEMbIA OMEpaToOpoM
typeid(Line) .name(), cchliaeTcs Ha CTpOKy "class Line", uto u TpeOOBaIOCh.

[TpoGneMa cocTOUT B TOM, YTO HE BCE KOMITMJISITOPBI MOAAEPXKMBAIOT 3TOT oneparop. Cro-
€00, KOTOphIM peaiin3oBaHa (PyHKIMS type_info::name, MO3BOJSIET TIPUMEHSITh €€ JIUIIb IS
ornaaku. Her HMKaKkoil rapaHTHK, 4TO JaHHAsl CTPOKA AEWCTBUTEBHO TMPEACTABISIET COO0M MMsI
KJlacca, 1, 9TO ellle XyXe, HET HUKAKOU rapaHTUU, YTO 3Ta CTPOKA SIBJSIETCS €IMHCTBEHHOM
B paMkax npujoxeHus. ([a, moab3ysch (GyHkuueil std::type_info::name, Bbl MoXeTe
MOJYYUTh Ba Kjlacca C OMHUM U TeM ke MMeHeM.) M coBceM yOMIICTBEHHBIN apryMeHT: HEeT
rapaHTUd, YTO UM TUMNa TNOCTOSIHHO. HukTo He MoXeT obelarb, 4YTo Omneparop
typeid(Line) .name() BEpPHET TO XK€ CaMOE€ WM MPUA TOBTOPHOM BBIITOJIHEHUU TPOTPAMMBI.
IMocTosiHCTBO peanu3aliii — BaXXHOE KayecTBO (abpuk, a (yHKuMs std::type_info::name
SIBISIETCST Heycmouuueou. VTak, XoTs Kiacc std: :type_info Ha mepBblid B3MISA MOIXOMUT IS
co3naHust (habpuK, Ha CAMOM JieJie OH COBEPIIIEHHO HETIPUEMIIEM.

BepHemcs K Bompocy 00 yrpaBieHuu uaeHTUdbuKaTopamMu TUMNoOB. ['eHepupoBaTh UAECH-
TU(GUKATOPBI MOXHO C MOMOIIBIO AaT4YMKa CAYYaWHBIX YKUCEN. DTOT AATYMK HYXHO BbI3bI-
BaTh KaXJbIl pa3, Korma co3naercs HOBbI 00beKT. [Ipy 3TOM HOBOE 3HauyeHUE CleAyeT 3a-
MOMHUTH W GOJbIIE HUKOTOA HE M3MEHATh.> DTO pelleHre KaXeTcsl TOBOJBHO MPUMMTHB-
HbIM, OIHAaKO BEPOSITHOCTb TOTO, YTO 3a THICAYY JIET pabOThl JAaTYUK BbIIACT
MOBTOPSIOIEECST 3HaYeHWe, paBHO 1072,

Hrak, MOXHO cienath €IMHCTBEHHBIN BBIBOM: YIpaBJeHWE WIEHTU(hUKATOpaMU TUIIOB HE
BXOIUT B KOMMETEHLIMIO (pabpuku oObeKTOB. ITockonbKy si3blk C++ He MOXET rapaHTHpOBaTh
YHUKAJIBHOCTh M TIOCTOSTHCTBO MIEHTU(UKATOpA TUIIOB, YIMpPaBJIEHWE UMW BBIXOAUT 3a PaMKU
A3bIKA, M OTBETCTBEHHOCTD 33 €r0 PEUTA3ALMIO CIIEAYET BO3JIOXKUTH HA ITPOrpaMMMUCTA.

3 ®a6prka COM-00beKTOB, pa3paboTaHHas KoMIMaHWeil Microsoft, MCIONB3yeT MMEHHO TaKoil
noaxon. OHa COAEPXUT aJTOPUTM, TeHEPUPYIOLIMI YHUKaNbHbINA 128-0MTOBBIM MOeHTU(hUKATOP, Ha-
3bIBaEMbIil  TJI00AJTBbHBIM YHUKaIbHBIM uaeHTUduKatopoMm (Globally Unique Identifier — GUID)
COM-00beKTOB. DTOT aJITOPUTM OCHOBAH HAa YHUKAJIBHOCTH CEPUIHOTO HOMEpa CETEeBOI KapThl MU
(IpM OTCYTCTBUM KapThbl) AaThbl, BpEMEHU U APYTMX TMEePEMEHHbIX MMapaMeTpoB, XapaKTepU3YIOILUX CO-
CTOSIHUE KOMITbIOTEPA.
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MpbI omucaayd BCe KOMIIOHEHTHI THUIUYHON (aOpUKU OOBEKTOB WM IIPUBEIM IIPOTOTHUII
peamusanum. IlepeiimeM Temepb K CIEOyIOIIEMY 3Tally — OT YacTHOIO K o0ImeMmy. 3areM,
00OTaTUBIIVCH 3HAHUSMM, BEPHEMCSI K YACTHOMY.

8.5. 0600wWeHne

[Tepeuncium 3J1eMEHTBI, KOTOPblE Mbl YIOMSIHYJIU, 00CyxXaasi (HabpuKu OO0BEKTOB. DTO
JacT HaM TMUILY JJIS pa3MbIIIJIEHUI TIPYU CO3JaHUM 00001IeHHON (habprKu OObEKTOB.

o Koukxpemmoe uzdeaue (concrete product). ®abpuka MpON3BOANT U3NEINE B BUIE OOBEKTA.

o Abcmpaxmuoe usdeaue (abstract product). M3nenue co3maercs Ha OCHOBE HacjenoBa-
Hus 6a3oBoro tvna (B HalleM Ipumepe — kKiacca Shape). Uznenne — 310 00BEKT,
TUM KOTOPOTO MPUHAMIEXKUT OMNpeaesieHHOM nepapxun. ba3oBblil TUI 3TOM HepapXuu
TpecTaBIsieT coboii abcTpakTHoe m3nmenuve. Madbpuka obnagaeT MOJIUMOPOHBIM TIO-
BEIEHUEM, T.€. OHA BO3BpAILIACT yKa3aTelb Ha aOCTpaKTHOE W3IEIue, He mepenaBast
3HAHUS O TUTE KOHKPETHOTO U3JEUSI.

o Uoenmugpuxamop muna uzdeaus (product type identifier). Dto 00bexT, uaeHTUGUIM-
pYIOLIMI TUM KOHKpeTHoro uaaeius. Kak yxe yKasblBaJIOCh, WACHTUGHUKATOP THUIIA
HeoOXOoauM TSl CO3/1aHMS U3MEHsl, TIOCKOJIbKY cucTeMa TUTOB sidbika C++ gaBisietcs
CTaTUYECKOM.

o [Ipozeodumens uzdeaus (product creator). @yHKIUS WK QYHKTOP CIELMATU3UPYIOTCS
Ha CO3MaHWM OMHOTO, TOYHO 3aJaHHOTO THIA OO0BEKTOB. [Ipou3BoAMTENb U3ICIUS
MOJIEJIUPYETCsI ¢ TIOMOILBIO YKa3aTelissi Ha QYHKIIUIO.

O6o0611eHHasT (pabprka 00beIUHSIET B cebe BCe 3TU 3JEMEHThI IS CO3IaHUS TOYHO OIpe/e-
JICHHOTO MHTep@eliica, a TakKe 3aJaeT 110 YMOJYAHUIO IapaMeTphbl, XapaKTepHBIC IJIS Hau-
6oJiee IMPOKO PacIpOCTPAHEHHBIX CUTYaALIMIA.

Ha mepBEIii B3IJI51 BCE TIEPEUMCICHHBIC BBHIIIE 3JIEMEHTBI MOXHO IpPeoOpa3oBaTh B 1Ia0-
JIOHHBbIE mapaMeTphbl Kjiacca Factory. OIHAKO €CTh OJHO MCKIIIOUEHHUE: KOHKPETHOE W3/e-
Jme He 00s13aHO OBITh M3BeCTHHIM (pabpuke. Eciim OBl MBI JOJKHBI OBUIM TOYHO YKAa3hIBaTh
TUN KOHKPETHOTO W3S, TO TMOJIYYWIM Obl KJIacChl Factory s KaxJI0ro KOHKPETHOIO
WU3ISIUSI OTACIBHO. DTO IPOTUBOPEUMT HAIlle IIeJ — M30JMPOBaTh KiacCc Factory or
KOHKPETHBIX TUIOB. TwIl (pabpHUKM ITOJKEH 3aBUCETh TOJBKO OT aOCTPAKTHOI'O M3IEIIUS.

HTak, nonBeneM MpoMeKyTOUHBI UTOT B BUAE CJAEAYIOLIEro 1abioHa.

template

<

class AbstractProduct,

typename IdentifierType,

typename ProductCreator
>

clsss Factory

1.
public:
bool Register(const IdentifierType& id, ProductCreator creator)
{
return associations_.insert(
AssocMap: :value_type(id, creator)).second;
}
bool Unregistered(const IdentifierType& id)
{

return associations_.erase(id) == 1;
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AbstractProduct® CreateoObject(const IdentifierType& id)

{
typename AssocMap::const_iterator i =
associations_.find(id);
if (i !'= associations_.end())
{
return(i->second) ();
}
obpabomka ouuboK
3
private:
typedef std::map<IdentifierType, ProductCreator>

AssocMap;
AssocMap associations_;

;

OcTanoch TOJIBKO YTOUHUTh, UTO O3HAUYaeT “obpadoTrka omnbok”. Cienyer M reHepupo-
BaTh MCKJIIOYMTEIBHYIO CUTYallMIO, €CJU MPOU3BOAUTENb U3IEJIUSI HE 3aperuCTPUPOBAIICS B
(habpuke? BosBpaiath B 3TOM ciy4yae HyJeBoi ykasatesib? [Ipekpainats paboTy mporpam-
MbI? JIMHaMUYECKU 3arpyxkaThb Ty e camylo OMOIMOTEKY, perucTpUpoBaTh €€ Ha JIeTy U To-
BTODPSITh BBITIOJIHEHME ornepannu? BeiOOp 3aBUCUT OT KOHKpETHOW cuTyauuu. B kaxmoir u3
HUX MOXET 0Ka3aTbCsl pa3yMHBIM OJHO U3 MEPEYMCIEHHBIX PELICHUA.

Hama o6o01eHHas ¢abpuka M0oKHA JaBaTh TMOJIb30BAaTEN0 BO3MOXHOCTh HAcTpauBaTh
€e Ha J1o00e M3 NMEePeYMCICHHBIX BBILIEe NEMCTBUNA U MpelycMaTpUBaTh Pa3yMHOE MOBEIECHUE
no ymonuanuto. CrnenoBarefibHO, KOM, TIpelHa3HAYeHHBIN i 00pabOTKM OIIMOOK, JTOKEeH
ObITH BbIIEJeH U3 QYHKUMU-4eHa CreateObject B OoTHenbHYIO cTpareruio FactoryError
(rnaBa 1). DTa cTpaTerusi COCTOUT TOJIBKO M3 OAHOW (yHKUIMM OnUnknownType, a kiacc
Factory MNpenocTaBiisieT 3Toil (YHKIMU IIaHC (M COOTBETCTBYIOLLYIO MHMOpMaLUIO) Ist
TIPUHSATUS JTIOO0TO pa3yMHOTO pelleHUs.

Crpaterusi FactoryError oueHb npocta. OHa TMpencTaBisieT co0oil abJOHHbIN Kacc
¢ nByms mapameTrpamu: IdentifierType u AbstractProduct. Ecnu kimacc FactoryEr-
rorImpl mpencrasisieT coOOW peanu3auuio cTpaTernu FactoryError, I0JKHO MPUMEHSITh-
Csl Clie/iylolee BbIpaKeHUe.

FactoryErrorImpl<IdentifierType, AbstractProduct> factoryErrorImpl;

IdentifierType id;

AbstractProduct®* pProduct = factoryErrorImpl.onuUnknownType(id);

Kinacc Factory ucnosnb3yer kiacc FactoryErrorImpl B KayecTBE CAcaTeIbHOTO
Kpyra: eciu kjacc CreateObject He MOXeET HAalTHM accCOLMAlMI0O B CBOEM BHYTPEHHEM
accollMaTUBHOM MacCuBe, OH HCIOJb3yeT GYHKIMIO-WIeH FactoryErrorImpl
<IdentifierType, AbstractProduct>::0nUnknownType s M3BJIEYEHMS] yKazaTess
Ha a0ctpakTtHoe uznenue. Ecnu dyHkumMss OnUnknownType Te€HEpUPYET HCKIIOYUTETbHYIO
CUTYalMIO, OHA TIepenaeTcs 3a mpenesbl Kiaacca Factory. B mpotuBHOM ciyuyae GyHKIUS
CreateObject nMpocTo BO3BpallaeT pe3yabTaT BBITOJIHEHUs (GYHKIMU OnUnknownType.

[MonpoOyem 3aKomupoBaTh 3TU AOMOJHEHUS M U3MEHEHUS (BbIIEJICHHBIE B TEKCTE IPO-
rpaMMbl MOJIY>KUPHBIM LLIPUGTOM).

template

<

class AbstractProduct,
typename IdentifierType,
typename ProductCreator,

template<typename, class>
class FactoryErrorPolicy

228 YacTb Il. KOMNOHEHTHI



class Factory
public FactoryErrorpPolicy<IdentifierType, AbstractProduct>

public:
AbstractProduct® Createobject(const IdentifierType& id)

typename AssocMap::const_iterator i =
association_.find(id);

if (i !'= associations_.end())

{

return (i->second)(;

return onunknownType(id);
}

private:
OCTasibHble (YHKUMM M AAHHbIE OCTATCH HeW3MeHHbIMU
1

Ilo ymomyanuio peanuzauusi crpateruu FactoryError reHepupyeT UCKIIOUUTENIbHYI0 CHU-
Tyaruio. Kiacc MCKITIOUMTENTbHOM CUTYallMy TOJDKEH OTJIMYAThCS OTO BCEX APYTMX TUIIOB, YTOOBI
KJIMEHTCKUIA KOl MOT pacro3HaTh €ro U MPUHSTh COOTBETCTBYIOIIME peleHust. Kpome Toro, atot
KJIacC JIOJDKeH ObITh MPOU3BOAHBIM OT OJHOTO U3 CTAHIAPTHBIX KJIACCOB MCKIIIOUMTEBHBIX CU-
Tyalui, 4YToObl KJIIMEHTCKUI KOJ MOT TepexBaTbIBaTh BCE BUIbI OLIMOOK B OMHOM Ojioke catch.
Crparerus DefaultFactoryError conepXuT BIOXEHHbIN KIacC UCKIIOUMTEIbHON cUTyaluu (¢
MMeHeM Exception)*, IpoM3BOIHBIA OT Kiiacca std: :exception.

template <class IdentifierType, class ProductType>
class DefaultFactoryError

public:
class Exception : public std::exception

public:
Exception(const IdentifierType& unknownId)
unknownId_(unknownId)
{

¥

virtual const char* what()

{

return "®abpuke nepepaeTca HeuM3BeCTHbIM Tun.'";
const IdentifierType GetId()

return unknownId_;
1
private:
IdentifierType unknownId_;
};
protected:
static ProductType* onunknownType(const IdentifierType& 1id)

throw Exception(id);
};

Hdpyrue, 6osee ClOXHbIE pealu3allMi CTpaTeruu FactoryError MOTYT MCKaTb WACHTU-
(bukarop TuIa U BO3BpalllaTh yKa3aTeJb Ha TTOAXOMSIIINM 00BEKT, BO3BpAIlaTh HYJIEBOM yKa-

4 JlaBaTh 3TOMY KJjaccy Apyroe ums (Hampumep FactoryException) HeT HUKAKOil HeobGXOmu-
MOCTH, TTOCKOJIBKY STOT THIT OIPENesieH BHYTpY abnoHHoro kiacca DefaultFactoryError.
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3areb (eCcaM TeHepUpoBaTh HCKITIOUMTEIbHYIO CHUTYallMIO HeXelaTeJbHO), TeHepupoBaTh
O00BEKT UCKIIIOUMTENbHOM CUTYalluM WJW MpeKpallaTh BBIMOJHEHUE MPOrpaMMbl. YTOUHSTh
TOBeICHNE Kjlacca MOXKHO C TTOMOIIBIO HOBBIX peaju3aluii crpaterud FactoryError, Te-
penaBasi MX B KauecTBe YETBEPTOro apryMeHTa Kjacca Factory.

8.6. Menkue petanu

Ha camom nene peanuzaiusi kinacca Factory B oubnuoreke Loki He ucronb3yeT kiacc
std: :map. BMecTo Hero oHa MpUMeEHsIET Kjlacc AssocvVector, ONTUMU3UPOBAHHBIN Ha pej-
KM€ BCTaBKM W 4acTO TMOBTOPSIIOLIMECS OMNepaluny MOoKucKa 3JIEMEHTOB. DTa CUTYallusl XapakK-
TepHa I KJlacca Factory. Kiacc Assocvector nmoapo6Ho omnucaH B rase 11.

B nepBoHauaibHOM BapuaHTe Kjacca Factory acCOllMaTMBHBIA MacCUB CUMTAJICS Ha-
CTpamBaeMbIM, TTOCKOJIbKY ObUI 111a0JOHHBIM TMapaMeTpoM. OmHAKO YacTo Kjiacc AssocVec-
tor MOJIHOCTHIO YIOBJIETBOPSIET BCEM TpeOOBaHUSIM Kiacca Factory. Kpome Toro, ucroJb-
30BaHME CTAHIAPTHBIX KOHTEWHEPOB B KavyeCTBE IIAOJOHHBIX 1IA0JOHHBIX MapaMeTpoB HeE
COOTBETCTBYET CTAaHAAPTY sI3bIKa. BOT mouemy mporpaMMUCTBI, 3aHUMAIOIIMECS pean3aiiy-
el CTaHJapTHBIX KOHTEMHEPOB, MOTYT JO00ABsATH HOBbIE 111a0JIOHHBIE ApPTYMEHTbI, 3a1aBast
WX 3HAYEHUSI TI0 YMOJYAHUIO.

CocpenoTounM Terepb CBOe BHMMaHME Ha 1abJoHHOM mapamerpe ProductCreator. Bo-
MEepBbIX, OH JODKEH 00aaaTh (QyHKIMOHAIBHBIM TTOBEICHUEM (JIOIyCKaTh TIPUMEHEHUE orepa-
Topa () ¥ He UMETh apryMEHTOB) Y BO3BpalllaTh yKa3aTellb, KOTOPbI MOXKHO MPeoOpa3oBbIBaTh B
UM AbstractProduct*. B KOHKpeTHOI peanu3aiivu, MoKa3aHHOW BbIille, OOBEKT Kiacca Pro-
ductCreator ObUT MPOCTO yKazaTejaeM Ha (QyHKIIMIO. DTOrO JOCTATOYHO, €CJIM HYXXKHO CO3/aBaTh
OOBEKTHI, BbI3bIBASI OMEpaTop new, Kak 3TO ObIBaeT B OOMBIIMHCTBE ciay4yaeB. CiienoBaTesibHO, B
KauecTBe TUMa ProductCreator, 3a1aBaeMoOro Mo yMOJTYaHUI0, MOXXHO BbIOpATh CIIEMYIOINIA:

AbstractProduct* (*)()

OTOT TUN BBHIIJISIAUT BeChbMa CTPAaHHO, TaK KaK He mMeeT MMeHHU. Eciu mociie 3Be3mouKkm
yKa3aTb MMsI, IIOMECTUB €TI0 BHYTPU CKOOOK, THII CTaHET yKa3aTeJieM Ha (PYyHKIUIO, HE IIOJy-
YaIoIIyl0 HUKAKMX IapaMeTpOB X BO3BpallalolIyIo yKa3aTe/lb Ha Kjiacc AbstractProduct.

AbstractProduct* (*PointerToFunction)()

Eciu Bce 310 Bac mo-IipexkHeMy YIUBIISIET, 00paTUTECh K IJIaBe 5, B KOTOPOIl 0OCY:KIAIOTCS
yKa3zaTem Ha (QyHKIIHIO.

Kcratn, B 3TOlf T71aBe oOImMcaH OYE€Hb WHTCPECHBINA IMAOJOHHBIM HapaMeTp, KOTOPBIA
MOXHO TepeaaBaTh KjacCcy Factory B KauecTBe mapameTrpa ProductCreator, a MMEHHO:
Functor<AbstractProduct*>. BTOT mapaMeTrp o0eCIeYNBACT OTINYHYIO THOKOCTh: MOXHO
co3maBaTh OOBEKTHI, BEI3BIBASI MPOCTYI0 (DYHKIINIO, (YHKIUIO-WICH WX (DYHKTOp, a TaKkKe
CBI3bIBAaTh C HMMU COOTBETCTBYIOIME MapaMmeTpbl. Kom, obecrieunBaioliunii CBSI3b MEXIY
HUMMU, COIEPKUTCS B KJlacce Functor.

OObsiBIIeHME IA0JIOHHOTO KJlacca Factory BBITJISIAUT CJIEAYIOIIMM 00pa3oM.

template

<

class AbstractProduct,
class IdentifierType,
class ProductCreator = AbstractProduct* (*)Q),
template<typename, class>
class FactoryErrorPolicy = DefaultFactoryError
>
class Factory;

Tenepb KJj1acCc Factory IOJIHOCTbIO T'OTOB.
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8.7. ®abpuka KNIOHUpPOBaHNSA

HecmoTrpst Ha TOo 4TO reHeTuueckue ¢HadpPUKK, KIOHUPYIOLIME YHUBEPCAIbHBIX COJI-
JaT, — Wjesl CTpalllHOBaTeHbKas, KJIOHWPOBAaTh OOBEKTHI sI3bika C++ — 3aHATHE COBEp-
IIEHHO Oe3BpenHoe M Aaxe Tosne3Hoe. Llenab KIOHWpPOBaHUS OOBEKTOB, KOTOPYIO MBI pac-
CMOTPUM, HECKOJIbKO OTJIMYAETCsl OT TOTO, YTO Mbl UMEIM B BUAY PaHbIIe: Mbl OOJIblIE HE
JIOJDKHBI CO3IaBaTh OOBEKTHI C CaMOTO Hayvaja. Y Hac ecThb yKasaTeJlb Ha TMOJIMMOpP(HBII
00BEKT, U Mbl XOTEJIM Obl CO3MaTh TOUHYIO KOIMMIO 3TOro 00bekTa. [TOCKOJbKY THUIT MOJM-
MOpGhHOTrO 00beKTa TOYHO HE M3BECTEH, MBI Ha CaMOM JieJic He 3HaeM, KaKoi MMEHHO 00b-
€KT co31aTh. B aTOM M 3akiiovaercs rnpobiema.

ITockonbKy OpUTMHAT Y HAC IO PYKOM, MOXHO TNPUMEHUTh KIACCUISCKUM TTOJUMOp-
usm. CrenoBatesibHO, TPU KJIOHUPOBAHUM OOBEKTa HYXXHO OOBSBUTHL B 0Aa30BOM Kjacce
BUPTYaJIbHYIO (DYHKIMIO-WIeH Clone M 3aMeCTUTh €¢ B MPOU3BOTHOM Kiacce. PaccMoTpum
KJIOHMPOBaHWE OOBEKTOB Ha MpUMeEpPe UepapXuu reoMeTPUUECKUX GUryp.

class Shape

public:
virtual Shape* Clone() const = 0;
1
class Line : public Shape
public:
virtual Line* Clone() const
{

return new Line(*this);

};

®yHkusg-wieH Line::Clone He BO3BpalllaeT yKasaTeslb Ha Kiacc Shape, MOCKOJBKY
Mbl MIPUMEHWIN CBOMCTBA si3bika C++, Ha3bIBaGMble KOBAPUAHMHbIMU MUNAMU 8038pauiae-
Mbix 3Hayenutl (covariant return types). biaromapsi atomy 3amenieHHasi BUpTyaibHasi (yHK-
LIMSI MOXET BO3BpAlllaTh yKa3aTesb Ha MPOU3BOIHBIN Kilacc, a HE Ha 0a3oBbIid. Temnepsp, cie-
Iysl UAMOME, MbI JIOJDKHBI pean30BaTh aHAIOTMYHYIO (yHKIMIO Clone B KaXIOM Kiacce,
KOTOpPBII 100aBsieTCsl B UepapXuio. OTU (YHKLUMU UMEIOT OHO U TO X€ COAEpXaHMe: CO3-
naercs o0beKT Kiacca Poligon, Bo3BpalllaeTcs ykaszareiab new Polygon(*this) u T.a.

OT1a uaroma paboTaer, HO UMEET Psill HENOCTATKOB.

e Ecnu 6a30BbIil Kilacc U3HAYAIBHO HE TpeaHa3Hayvascs sl KIOHUPOBaHUS (B HEM He
00bSBISIIaCh BUPTyasibHas (DYHKIIMSI, S3KBUBAJIeHTHas (pyHKiMu Clone) u Moaudu-
KaluM, TO 3Ty UAMOMY MPUMEHSTh Helb3s. Takasl cUTyallMsl BOZHMKAET, HallpuMep,
KOrja Bbl MUILIETE MPUJIOXKEHUE, UCTIONb3Ys] B KaueCTBe 0a30BBbIX KJIACChI M3 KaKOW-
HUOYIb OUOIUOTEKH.

e Jlaxke ecau Bce KJacChl MOXHO MOAUGDUIIMPOBATH, 3Ta UIMOMa TpedyeT 0coboii OCTO-
poxxHocTh. OTCyTCTBUE peanu3anuu GyHKIMKM Clone B TIPOM3BOMHBIX KJIaccax KOM-
MWISTOP HE 3aMeyaeT, YTO MOXET MPUBECTU B HEMpPencKa3yeMbIM MOCIEACTBUSIM MPU
BBITIOJTHEHUM TTPOTPAMMEBI.

IlepBbIit HEAOCTATOK OYEBUICH, MO3TOMY IepeiigeM K obcyxkaeHuwo Broporo. Ilpencra-
BUM ce0e, 4To, co3maBasi kiacc DottedLine, Mpou3BOAHBIM OT Kjacca Line, Mbl 3a0bLIv
3aMecTUTh PyHKIMIO DottedLine: :Clone. Kpome TOro, momyctum, 4TO y HAaCc €CTh yKa3a-
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TeJb Ha 00BEKT Kjacca Shape, KOTOpbIii HA caMOM Jiejie CChIJIaeTCsl Ha 00beKT Kiacca Dot-
tedLine, 1 MBI BbI3bIBa€M U3 3TOT0 00beKTa (pyHKIMIO Clone.

Shape* pShape;

éﬁépe* pDuplicateShape = pShape->Clone();

BrisbiBaeTcst yHKUuMs Line: :Clone, Bo3Bpalnamnias o0beKT Kiacca Line. DT0 O4eHb He-
MPUSITHO, TIOCKOJIBKY MBI IpEIITojiaraid, 4yTo yKasaTeldb pDuplicateShape mMeeT TOT Xe
JUHAMWYECKUI THUII, YTO M yKas3aTeib pShape. OKa3bIBacTCs, 3TO COBCEM HE TaK, YTO MOXKET
BBI3BaTh Maccy IpobjieM — OT BBIBOJA HEOXMAAHHBIX TUITOB IO Kpaxa MpPUJIOKCHHUS.

K coxaneHuIo, HaoeXHBIX CPEACTB, ITO3BOJISIOIINX KOMIIEHCHMPOBATH BTOPOI HEIOCTa-
TOK, He cymniectByeT. Ha si3pike C++ Henb3st ckaszath: “$ orpenelisiio 3Ty GYHKIIMIO W X04y,
4TOOBI OHA 3aMellajach BO BCEX IMPOM3BOAHBIX Kiaccax”. Ecau Bbl He XOTUTE HETPUSTHO-
CTeii, TIPUIETCS ONPENSIMTh 3aMelacMyo QYHKIMIO CTone B KaXXIOM Kiracce.

Eciu yka3aHHYI0 MOMOMY HEMHOIO YCJIOXHHTH, MOXHO OpPraHM30BaTh IIPUEMIIEMYIO
MPOBEPKY THITa BO BPEeMsl BBIIOJHEHUs ITporpaMMel. CaenaeM QyHKIHMIO Clone OTKPBITOW U
HEBUPTYyaIbHOW. BHYTpM Kiiacca oHa OyAET BBI3BIBATD 3QUUUCHHYIO GUDMYAAbHYIO (DYHKUUIO
DoClone, rapaHTUpys SKBHUBAJEHTHOCTb AMHAMUYECKMX TUIMOB. COOTBETCTBYIOIIMI KOII
MPOIIE, YeM €T0 OOBSICHEHHE.

class Shape

{
public:
Shape* Clone() const // HeBupTyanbHasa GyHKUUA
// NepeaapecoBbiBaem Bbi30B (GYHKLUUM DoClone
Shape* pClone = DoClone();
// NpoBepsieM 3KBUBANIEHTHOCTb TUNOB
// (3TOT TecT MOXeT 6bITb CJ/IOXHee, YeM Makpoc assert)
assert(typeid(*pClone) == typeid(*this));
return pClone;
}
protected:
virtual Shape* DoClone() const = 0; // 3awMmiueHHas ¢yHKUUA
};

EnuHCTBEHHBIM HEIOCTaTKOM 3TOTO ITOIXOAa SIBISIETCS] TOT (hakKT, YTO TEIeph HEJb3s
KCITOJIb30BaTh KOBAPMAHTHBIE TUIIbI BO3BPALAEMbIX 3HAYCHUI.

Bce HacienHuKmM Kiacca Shape JOJDKHBI 3aMeliath (YHKIMIO DoClone, OCTaBIsIS €e
3alUIIEHHO, YTOOBI KJIMEHTHI HEe MOIIM BbI3BaTh ee. DyHKuMs Clone JODKHA OCTABATHCS
B cTopoHe. KUIMEHTHI MCIONB3YIOT TOJBKO (DYHKIIWIO Clone, OCYIIECTBISTIONIYIO ITPOBEPKY
TUITOB BO BPEeMsI BBIIIOJHEHUST IMPOrpaMMbl. OUeBUIHO, YTO M 3[€Ch MbI HE TapaHTUPOBAHBI
OT TMOSIBICHUS IPOrPAMMUCTCKMX OIIMOOK, HampuMmep, 3aMeleHust GyHKuuu Clone wid
00bsBIeHNs (PyHKIMK DoClone OTKPHITOM.

He 3aGwIBaiiTe, 4TO eciM Bce KJIAcChl, BXOMSIINE B MEPAPXHMIO, U3MEHUTh HEBO3MOXKHO
(Takass mepapxusi Ha3bIBaCTCS 3aKpPbiMoll), U €CJIM OHU He IpeIHa3HAYCHBI I KJIOHMPOBA-
HHMSI, 3Ty WIMOMY peaii30BaTh BCe PAaBHO He ymacTcs. Takash CHTyallusi BCTpEUYaeTCs IO-
BOJIHO 4acTO, [TO3TOMY HaM CJICAYEeT IIOMCKATh aIbTEPHATHBY.

Ha momoris MoXeT NpuidiTH crieliuaibHas ¢dadpuka o6bekToB. OHA CBOOOIHA OT HEIOC-
TaTKOB, YKA3aHHBIX BBIIIE, HO HEMHOIO CHMXAET IMPOM3BOAUTEILHOCTh IIPOrPAMMEI — BME-
CTO BMPTYaJbHOTO BbI30Ba BBIMOJIHSIETCS IOMCK B aCCOLIMATUBHOM MAacCHBE M BBI30OB 4epe3
yKazaTeIb Ha (pyHKIMI0. [T0CKOIBKY KOJTMUYECTBO KIIAaCCOB MPUJIOKEHHMS Ha CaMOM JeJie HU-
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KOTJa He ObIBaeT OuYeHb OOJBIIMM (BeAb OHU CO3[AIOTCS JIOJbMM, HEe TaK Jau?), accolma-
TUBHBIIA MacCUB OOBIYHO HEBENMK, U 3a7epKKa CTAHOBUTCS HE3HAYUTEIbHOM.

OcCHOBHasI UAesd COCTOUT B TOM, YTO MACHTU(MUKATOP TUIIA U U3ICIME MUMEIOT OTMHAKO-
Bblii TMI. Ha BXxon (pabpuku 1octymnaer ayoaupyeMblii 00beKT B BUIE MIACHTU(MUKATOpPA TH-
Ia, a Ha BBIXOJ BO3BpAIlACTCS HOBBIII OOBEKT, IPEICTABIAIOIINI COOOM TOYHYIO KOITHIO
aToro wuieHTudukatopa. ToyHee TOBOpPSI, MX THUIl HE COBCEM OIMHAKOB: TuUm Identi-
fierType wu3 ¢abpuku KIOHUPOBAHUS — BTO YKasamenb Ha OO0BEKT Kiacca Ab-
stractProduct. Ha camom gene ¢abpuka ImojydaeT Ha BXOJ yKa3aTeIb Ha KIIOHUPYEMBIN
00BEKT, a BO3BpalllaeT — yKa3aTeJib Ha KJIOH.

A Kakue KJIIOYM XpaHSITCS B acColMaTUBHOM MaccuBe? OHU He MOTYT ObITh yKa3aTeJsaMu
Ha 00BeKTHI Kjacca AbstractProduct, MOCKOIbKY KOJIMYSCTBO JIIEMEHTOB aCCOLMATUBHOTO
MacCHhBa He 3aBMCUT OT KOJMYECTBAa O0BEKTOB B mporpamme. Kaxnblii 2J1eMEHT 3TOro mac-
CHBa JOJDKEH COOTBETCTBOBATH OTIAEIbLHOMY MUKy KIOHUPYEMOTO OOBEKTa, YTO BHOBb MpU-
BOAUT HAaC K CTaHAApTHOMY kiaccy std::type_info. MnenTudukarop Tuma, nepenaBae-
MBI (paOpuKe KIOHUPOBAHMS MPU HEOOXOAUMOCTU CO3IaTh HOBBIM OOBEKT, OTIMYACTCS OT
uaeHTU(UKATOpa TUIIA, XPAHSIIErocss B aCCOLMATMBHOM MacCuBe. DTO HE MO3BOJISIET Ham
IMOBTOPHO MCIIOJb30BaTh HAIMCAaHHBIN paHee Kod. Kpome TOro, mpou3BOAUTEIIO M3ICIIHS
Ternepb HYXEH yKa3aTeJib Ha KJIOHUpYeMblil 00beKkT. B (abpuke, KoTopyio Mbl pa3paboraiu
paHee, mapaMeTphl ObUIM HE HYXKHBI.

IMonBenem utorn. Pabprka KIOHMPOBAHUSI TOJIyYyaeT Ha BXOJA YKaszaTeslb Ha OOBEKT
ki1acca AbstractProduct. OHa IpUMEHSIET K 3TOMY OOBEKTY oIepaTop typeid u Imoaydaer
CCBUIKY Ha OOBEKT Kiyacca std: :type_info. 3areM oHa HUILET 3TOT OOBEKT B 3aKPHITOM ac-
couraTuBHOM MaccuBe. (DyHkuus-wieH before kmacca std::type_info ycraHaBiuBaer
OTHOLIEHUE TOpSJIKA MEXIY OO0BbEKTaMU 3TOr0 THUIA. DTO IO3BOJISIET MCIOJB30BAaTh aCCO-
LIMaTUBHBIA MacCUB M OCYIIECTBJISITh OBICTPBIN ITOMCK.) Ecim ayreMeHT He HaiineH, BBI3bIBA-
€TCsl TIPOM3BOAMTEb W3IENMUs, KOTOPOMY IepelaeTcsl yKa3zaTeJlb Ha OOBeKT Kiacca Ab-
stractProduct, BBeACHHbI MOJIb30BATEIEM.

ITockonbKy y Hac yXe ecTh 1IIa0J0HHBIN KJlacc Factory, peanm3auus kjacca CloneFac-
tory ynpouraercs. (Bl Mmoxere HaliTu ee B 6ubnuoreke Loki.) Kmacc CloneFactory He-
MHOTO OTJIMYaeTcsl OT Kjlacca Factory.

o Kiracc CloneFactory ucnoan3yeT kjacc TypeInfo, a He std::type_info. Kiacc
TypeInfo, pacCMOTpPeHHBIN B IJIaBe 2, TIPENCTaBIsIeT cO00I 00O0JIOUKY yKaszaTessl Ha
00BbeKT Kiacca std::type_info. B HeM omnpeneseHbl MHULIMAIU3ALUS, OIEepaTop
MPUCBaMBaHUS, OMEPATOPbl == U <, HEOOXOIMMBIC IJIST PabOTHI C aCCOLMATHBHBIM
MaccuBoM. [lepBblii omepaTop TepeagpecoBbIBACT BbI30B OMepaTopy Kiacca
std::type_info: :operator==, a Bropoit — ¢pyHkuuu std: :type_info: :before.

e B xiacce 6osbiie HeT Tuma IdentifierType, MOCKOJbKY UAECHTU(MUKATOP TUMA SIB-
JISIETCSI HESIBHBIM.

e [llabnoHHbIN mapameTp ProductCreator Mo yMOJYaHUIO 33[aeT TUIT
AbstractProduct* (*) (AbstractProduct*).

e Kiacc IdToProductMap Temepb 3aMEeHEH KJIaCCOM
AssocVector<TypeInfo, ProductCreators.

Kracc CloneFactory umeeT ciiefyoimuii Bu/I.

template
<
class AbstractProduct,
class ProductCreator =
AbstractProduct* (*) (AbstractProduct*),
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template<typename, class>
class FactoryErrorPolicy = DefaultFactoreError
>
class CloneFactory

public:
AbstractProduct* CreateObject(const AbstractProduct* model);
bool Register(const TypeInfod&,
ProductCreator creator);
bool Unregister(const TypeInfod&);
private:
typedef Assocvector<TypeInfo, ProductCreator>
IdToProductmap;
IdToProductMap associations_;

;

[laGnonHbI Ki1acc CloneFactory NpeacTaBisieT co0Oi TMOJHOe pelieHre 3a1aul KJIOHM-
pPOBaHMSI OOBEKTOB, MPUHAIEXKAIINX 3aKPBITOW HMepapXuu KIaccoB (T.e. UepapXuu, KOTOPYIO
HEBO3MOXHO MoauduipoBarb). CBoeil mpocTtoTolt U 3(GhEKTUBHOCTHIO 3TOT KjlacCe 00si3aH
KOHILIETILIUSIM, OMMUCAHHBIM B MPEAbIAYIIMX pasiesax, a Takke MHopMaluu o Tunax, npeaoc-
TaBJIsieMOl orepaTopamu typeid u kinaccom std: :type_info. Eciu 61 Mmexanuzma RTTI He
CYIIeCTBOBAIO, (habpHKy KJIOHWPOBAaHUSI ObUIO HAMHOTO TPY/IHEE PeaM30BaTh.

8.8. Ucnonb3oBaHne padpuku 00bLEKTOB B CO4ETAHUN
C ApyrmmMmmn o600 EeHHbIMU KOMIMOHEHTaMM

B mmaBe 6 ObuT pa3paboTaH BcOMOTaTeNNbHBINM Kiacc SingletonHolder. ITockoibKy
(babpuku UMEIOT TIO0AbHYIO MPUPOJY, ECTECTBEHHO MCIONb30BaTh KJacc Factory BMecTe
¢ KiaccoMm SingletonHolder. VX 1erko o0benMHUTH C TTIOMOIIBIO ornepaTopa typedef.

typedef SingletonHolder<Factory<Shape, std::string> > ShapeFactory;

PazymeeTtcsi, st yTouHeHUsS! MPOEKTHBIX pellleHNi B Kiacchl SingletonHolder u Fac-
tory MOXHO 100aBJIsiITb apIyMEHTbI, HO BCE TO MPOUCXONUT B omHOM MecTe. CrenoBaresib-
HO, TeTlepb MOXHO cOOpaTh I'PYyMITy BaXKHBIX PEIIEHWI B OMHOM MeCTe U MPUMEHUTH KJacc
ShapeFactory. C nmoMoliblo MPOCTOTr0O OMpeAeSeHUs] TUIA, YKa3aHHOTO BbIIIE, MOXHO BbI-
6upaTth criocod (yHKIMOHUpPOBaHUS (aOpUKU U cUHIITOHA. EAMHCTBEHHas cTpoka Koja
OTIA2eT KOMMUJSATOPY MPUKa3aHUE Cr€HEPUPOBAThb COOTBETCTBYIOUIWI KO, aHAJIOTUYHO TO-
My, Kak BbI30B (DyHKIIMU C Pa3HBIMU apryMEeHTaMM OIpejesisieT pa3Hbie MyTU €€ BbITIOTHEe-
Hus. [lockosbKy B HallleM Ciyvyae BCE€ 3TO MPOUCXOAWUT BO BPeMs KOMIWJISILMU, OCHOBHOM
yIop TIEPEHOCUTCS Ha MPOEKTHbIE PEIIeHUs, a He Ha BBIMOJHEHUE TporpaMmbl. Pazymeert-
Csd, 3TO HE MOXET HE€ BJIMSATh Ha BBIMOJHEHWE MPOrpaMMbl, ONHAKO 3TO BIUSHUE MMEET
KOCBeHHBIN xapakTep. Korma Bbl muinete “oObIYHBINA” KOM, Bbl OMNpenessiere, 4yro Oyaer
MPOVCXOJUTh BO BPEMsI BBIMOJIHEHUSI MporpaMmbl. Koraa Bel muuieTe omnpenesieHue TUIa,
MoAo0HOe MPUBEACHHOMY BBIIIE, Bbl YKa3bIBa€Te, UYTO IOJDKHO TMPOU3OWTU BO BPEMSI KOM-
MWISILUU TTPOTPaMMbl — 3TO MOXHO Ha3BaTh BbI30BOM (DYHKLMI, TEHEPUPYIOLLIUX KOJI.

Kak ykaspiBasioch B Hauyaje 3TOI IJIaBbl, OOJIbILIOW WMHTEPEC BBI3BIBAET KOMOMHALIMS
Kjacca Factory c KjaccoM Functor.

typedef SingletonHolder
<
Factory
<
Shape, std::string, Functor<Shape*, NullType>
>

>
ShapeFactory;
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Hcnonp3oBanme Kinacca Functor obecreuynBaeT OOJBIIYI0 TMOKOCTb IIPU CO3TAHUU OOBEK-
ToB. Tenepb HOBbIE OOBEKTHI Kjlacca Shape M ero MOTOMKOB MOXHO CO3/1aBaTh BCEBO3MOX-
HBIMH CITIOCOOAaMU, perucTpupys B pabpuke pasHble (PYHKTOPHI.

8.9. Pesiome

Dabpuku 00bEKTOB — BaXKHBI KOMITOHEHT TTPOrpaMM, WCITOJIB3YIOIINX MOJIMMOPMU3M.
OHU TIO3BOJISIIOT CO3/1aBaTh OOBEKTHI, KOTJAA UX TUM JUOO COBCEM HEAOCTYIEH, MO0 HEeCo-
BMECTHUM C KOHCTPYKLIUSIMU SI3bIKA.

B ocHOBHOM (habpuku OOBEKTOB MPUMEHSIOTCS B O0OBEKTHO-OPUEHTUPOBAHHBIX MPUJIO-
JKEHMSIX M OMOJIMOTEKaX, a TaKXKe B Pa3MYHbIX CXeMax YIpaBleHUsl MOCTOSHHBIMU OOBEK-
TaMM M moTokaMu. Cxema yIpaBjieHUsI MOTOKaMM NEeTaJbHO MPOaHAJIM3UMPOBAHA Ha KOH-
kpeTHOM npumepe. [lo cylecTBy, oHa CBOAUTCS K paclpeiesieHUI0 TUIIOB MEXIY Pa3HbIMU
(aitnamu peanusanuu, obecrieunBasi BICOKYIO MOAYJbHOCTb Mporpammbl. Hecmotpst Ha TO
yTo (habpuKa OCTAETCS OCHOBHBIM CPEICTBOM CO3[aHUSI OOBEKTOB, OHa He 00s13aHa coOu-
paTh MHMOpMaIMIO 000 BCEX CTAaTUYECKMX THUIIAX, BXOASIIMX B Mepapxuio. Bmecro aroro,
OHa 3aCTaBJIsIeT KaXIblil TUI 3aperucTpupoBatbcst Ha hadpuke. B aToM 3akiovaercs NMprH-
LUTTAAJIbHAS pa3HULA MEXIY “TIpaBUJIbHBIM” U “HENpPaBUIbHBIM” TTOAXOIO0M.

HNudopmanuio o tTumne Bo BpeMsl BBINIOJHEHUs MporpamMMmbl Ha sisbike C++ mepenaBaTh
TPYAHO. DTa 0OCOOEHHOCTh HOCUT MPUHLIMITMATBHBINA XapakTep [JIsi BCero ceMelcTBa SI3bIKOB,
KOTOPOMY TPUHAMIEXKUT s3bIK C++, MO3TOMY MPUXOMUTCS MPUMEHSITh BMECTO THUIMA €ro
naeHTuduKarop. MneHTMGUKATOPHl TUIOB TECHO CBA3aHBI C BHI3BIBAGMBIMU CYIIHOCTSIMU,
co3MaIIMMU 00beKThl (r1aBa 5). s onpeaeaeHusi 3TUX OrpaHUYEHUI peaM3oBaHa KOH-
KpeTHas ¢abpuka oOBHEKTOB, 0000IIEeHHAs B BUIE 111a0JJOHHOTO Kjacca.

B 3axitoueHun paccMoTpeHbl (HabpUKU KIOHHWPOBAHUSI, MO3BOJISIIOIIME CO3/aBaTh IyO-
JINKATBl TTIOTUMOP(MHBIX OOBEKTOB.

8.10. Kpatkuit 0630p wadbnoHHoro knacca Factory
e (OOBsIBIECHUE Kilacca Factory umeer CJIGI[YIOH_[I/Iﬁ BU.

template
<
class AbstractProduct,
class IdentifierType,
class ProductCreator = AbstractProduct®* (*)Q),
template<typename, class>
class FactoryErrorPolicy = DefaultFactoryError
>
class Factory;

e Kiacc AbstractProduct sBisieTcss 6a30BbIM KJIaCCOM MEpapXuu, IJisi KOTOPO CO3-
naercst pabpuka OOBEKTOB.

e Kiacc IdentifierType npeactapisier co00il TUII, BXOAAIIMI B uepapxuto. OH JO/DKEH
VMETh OTHOIIEHUE TIOpsiika, TMO3BOJISIIONIEE XPaHUTh €r0 B O0ObeKTe Kiacca std::map.
OObIYHO B KauecTBe MIEHTU(HUKATOPOB TUIA UCTIONB3YIOTCS CTPOKM U LieJIble YHUCIA.

e Kiacc ProductCreator mnpeacTapisieT cO0Oil BbI3bIBAEMYIO CYLIHOCTb, CO3AAIOIILYIO
00BEKT. DTOT KJIacc MOJDKeH TomaepXuBaTh orepatop (), HE MMETh MapamMeTpoB U
BO3BpalllaTh yKa3aTesJb Ha OO0BEKTHl Kjiacca AbstractProduct. OObeKT Kiacca Pro-
ductCreator Bcerma perucTpUpyeTcsl BMECTe ¢ MASHTU(PUKATOPOM THIIA.
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e B xiacce Factory pealm3yloTcs CIAeAyIOIIne IIPUMUTUBEI.
bool Register(const IdentifierType&, ProductCreator creator);

DTa (QYHKIUS PETUCTPUPYET MPOM3BOAUTETb WM3NEIUS BMECTE ¢ WUACHTU(MOUKATOPOM
tuna. Ecau perucrpaiius npoiijia ycreiHo, oHa BO3BpalllaeT 3HayeHue true, B Mpo-
TUBHOM cCJTy4ae BO3BpallaeTcs 3HaueHue false (ecam MpOU3BOMUTENb M3NCIUS C TEM
K€ MIEHTU(DUKATOPOM THUIIA YK€ 3aperMCTPUPOBAH paHee).

bool Ungeristered(const IdentifierType& id);

Ora GYHKUMS aHHYJIMPYET pPerucrpaluio MaeHTUgukaropa 3amaHHoro tumna. Ecmu stoT
WACHTU(UKATOP OBUT 3aperMCTPUPOBaH paHee, (DYHKIIMS BO3BpalllacT 3HaYeHUE true.

AbstractProduct* CreateObject(const IdentifierType& id);

OTa (PyHKIIMS BBIMOJHIET MOUCK WASHTU(DUKATOpPA TUIIAa BO BHYTPEHHEM accollua-
TUBHOM MaccuBe. Eciu umeHTUGhUKATOP HaWIeH, OHA BbI3bIBAET COOTBETCTBYIOIIMI
MPOU3BOAUTEL OOBEKTOB JAHHOTO TUIIA M BO3BpAIllaeT pe3yabTaT ero padotsl. Eciu
UaeHTU(UKATOP He HailleH, BO3BpalllaeTcsl pe3yabTaT padoThl (yHKIMU FactoryEr-
rorPolicy<IdentifierType, AbstractProduct>::0nUnknownType. [lo ymomnua-
HUIO peanu3alusl Kjacca FactoryErrorPolicy reHepupyeT WCKIIOYUTEIbHYIO CH-
TyallMIO BJIOKEHHOTO TUIA Exception.

8.11. KpaTtkuit 0630p wabnoHHoro knacca CloneFactory
e OObsaBneHue Kiacca CloneFactory UMeeT CIAeAyOlii BUI.

template
<
class AbstractProduct,
class ProductCreator =
AbstractProduct* (*)(const AbstractProduct®),
template<typename, class>
class FactoryErrorpPolicy = DefaultFactoryError
>
class CloneFactory;
e Kiacc AbstractProduct sBisieTcss 0a30BBIM KJIACCOM HEpPapXuM, IJIsI KOTOPOM CO3-

nmaetcs (abprKa KIIOHUPOBAHMS.

o Kiacc ProductCreator npencraBiseT OO0 BBI3BIBAEMYIO CYIITHOCTb, CO3AIOLIYIO Ty0-
JIUKAT 00BEeKTa, TIepelaBaeMoro Kak rapaMeTp, U BO3BpAIllAoIIyl0 yKa3zaTeslb Ha KJIOH.

e B xiacce CloneFactory pealm3yloTcs CIeAyIOIe IMPUMUTHBEI.
bool Register(const TypeInfo&, ProductCreator creator);

DTa GYHKIMS PETHCTPUPYET MPOU3BOOUTENIb M3ACIUs BMECTe C TUIOM TypeInfo
(4TO  TO3BOJISIET  HESIBHO  BbI3bIBATH  KOHCTPYKTOP  KOMMPOBaHMSI  KJacca
std: :type_info). Ecnu perucrpauus mpoliia ycreirHo, OHa BO3BpalllaeT 3HaYCHUE
true, B MPOTMBHOM CJlydyae Bo3BpauaetTcsl 3HayeHue false.

bool Ungeristered(const TypeInfo& typeinfo);

Dra QYHKIMS aHHYJIMPYET PETMCTPAIIAIO MPOM3BOIUTENST OOBEKTOB 3alaHHOIO THIIA.
Eciu aToT TMIT OBUT 3apeTHCTPUPOBaH paHee, (DYHKIIMS BO3BpalllacT 3HaAUYCHUE true.

AbstractProduct®* CreateObject(const AbstractProduct* model);
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OTta QYHKIINS BBIMIOJHSIET MOMCK AMHAMMYECKOTrO TUIa 00beKTa model BO BHYTpEeH-
HeM accouuMatTMBHOM MaccuBe. OOHapyXUB THUII, OHA BbHI3BIBAET COOTBETCTBYIOLLIMIA
MIPOM3BOAUTEbF OOBEKTOB JAHHOI'O TUIIA M BO3BpalllaeT pe3yabTaT ero padotel. Eciam
TUIl HE HaiilieH, BO3BpalllaeTcs pe3yjabTaT paboThl (YHKUMU FactoryErrorPol-
icy<OrderedTypeInfo, AbstractProduct>::0OnunknownType.

Mnasa 8. ®abpukmn 06HLEKTOB 237






LLIABJTOH ABSTRACT FACTORY

B oroil rnaBe obGcyxnaeTcss 00OOLIEHHasl peanv3alusl LalbJoHa MPOEeKTUPOBaHUS Ab-
stract Factory (Gamma et al., 1995). AGcTtpakTHasi (abpuka — 3TOo MHTepdeiic s
CO3[IlaHUsI CeMECTBa CBSI3aHHBIX WU B3aMMO3aBUCHUMbIX MOJUMOP(HBIX OOBEKTOB.

AOCTpakTHblE (haOpUKU MOTYT ObITh BaKHBIMU apXUTEKTYPHBIMU KOMIIOHEHTaMH, IO-
CKOJIbKY OHM TapaHTUPYIOT, YTO B CUCTEME CO3IAIOTCS MPaBUJIbHBIE KOHKPETHBIE OOBEKTHI.
Ecnu BBl He xoTHTE, YTOOBI KHOMKA FunkyButton mosiBisuiach B JMaJOrOBOM OKHE Conven-
tionalDialog, ucnonb3yiiTe 11a0JOH TpoekTUpoBaHUs Abstract Factory, rapaHTu-
pYIOLIMIA, YTO 3Ta KHOMNKA MOSIBISIETCS TOJbKO B OKHe FunkyDialog. lJIss 3TOro Hy>XHO
MPOKOHTPOJMPOBATh JIMILIb HEOOJBIIIYIO YaCTh KO/a, a OCTajJbHasl YacTb MPWJIOXEHUsST OyneT
pabotaTh ¢ aOCTpaKTHBIMU TMIIaMu Dialog u Button.

B rnaBe paccmaTpuBaroTCs ClaeIyOIIMe BOMPOCHI.

e OOGnacTe MpUMeHeHUs 11abJIOHa MPOeKTUpoBaHusl Abstract Factory .
e OmnpeneneHue U peajnsalvsi KOMIIOHEHTOB 11absioHa Abstract Factory.

e Hcnonb3oBaHWe OOOOIIEHHBIX (QYHKIIMOHATBHBIX BO3MOXHOCTEH 11absoHa Ab-
stract Factory, nmpegocTaBlIeHHbIX 6ubnauoTekoi Loki, 1 ux pacumpeHue.

9.1. ApxuTekTypHasa poJsib wadbnoHa Abstract Factory

IIpencraBbTe cebe, YTO Bbl pa3pabaTbiBacTe KOMIIBIOTEPHYIO UIpYy “HalTM U YHUUTO-
KUTh” Hanonooue Doom mnu Quake.

Bbl XoTuTe COOMa3HUTH MOTEHLMATBLHOIO TMOKYMNaTessi CBOEW WIpoii, MO3TOMY Mpery-
cMarpuBaeTe Jierkuii ypoBeHb. Ha 3TOM ypoBHE Bpaxkeckue cojiiaTthl aOCOJIOTHO TYTIbIE,
MOHCTPbI MPENCTABISIOT CO0OI Xeneodpa3Hylo Maccy, a CyepMOHCTPbl HACTPOEHBI KpaliHe
NPYXeIt00HO.

Bosiee KpyThix MTPOKOB Bbl COOJIa3HsieTe YPOBHEM MOBBILIEHHOMN cioxHocTU. Ha 3ToM
YPOBHE BPAXXECKME COJIIAThl COBEPIAIOT TPU BBICTPEJIa B CEKYHY M BIAACIOT MpUeMaMu Ka-
paTe, MOHCTPbI KOBapHbI U BEPOJIOMHBI, a CYyMIEPMOHCTPBI BCTPEYAIOTCSI MOCTOSIHHO.

Bo3moxxHast Moiesib 3TOTO y>KaCHOTO MUpa, HACEJIEHHOTO BparaMu U MOHCTPaMH, MOXET
colepxaTh 6a30Bblil KJlacC Enemy M MpPOM3BOJAHbBIE OT Hero MHtepdeiicsl Soldier, Monster
U SuperMonster. 3areM Ha OCHOBE 3TUX MHTEPGENCOB s peain3aliuy JIETKOTO YPOBHS
WUTPHl CO3AAI0TCS MpOM3BOAHbIE Kiacchl SillySoldier, SillyMonster u SillySuperMon-
ster. B 3aximoueHue sl ypOBHSI MOBBIIIEHHON CJIOXHOCTU PeaM3yIoTCsl Kilacchl BadSol-
dier, BadMonster u BadSuperMonster. B pe3yibTaTe BO3HUKAEeT Mepapxusl KJIacCOB,
npejacTaBieHHasl Ha puc. 9.1.



Enemy

Soldier SuperMonster

SillySoldier BadSoldier SillySuperMonster BadSuperMonster

Monster

SillyMonster BadMonster

Puc. 9.1. Hepapxus kaaccoe 045 uepvl ¢ 08YyMs YPOSHAMU CAONCHOCMU

CTOUT HANIOMHUTH, YTO B Ballleil UIpe KOHKpeTu3aluu kiaaccoB BadSoldier m Silly-
Monster HMKOIIa He “BCTpeYaroTCss” APYT € APYroM. DTO He uMeso Obl cMbicna. Mrpok Ha
JIETKOM YpPOBHE UMEET NeJio ¢ kinaccamu SillySoldier, SillyMonster u SillySupermon-
ster, a Ha ypOBHE MOBBIIIEHHON CJIIOXHOCTM — C Kjaccamu BadSoldier, BadMonster u
BadSuperMonster.

[IBe xareropuu TUIIOB (hOPMUPYIOT ABa ceMeiicTBa. Bo BpeMsi UTpbl Bceraa UCIOIb3YIOT-
cs OOBEKTHI JIMIIb OAHOTO KOHKPETHOTO CEMEWCTBA, a KOMOMHAUMKU OOBEKTOB, MpPUHAIJIE-
JKalllMX pa3HbIM CEMeNCTBaM, HUKOTIa HE BO3HUKAIOT.

bbuto 6b1 mpekpacHo, eciu Obl 3TO COOTBETCTBUE BBIMOJHSUIOCH aBTOMaTuyecku. B mpo-
TUBHOM CJlyyae, €CJM IPOTrpaMMMCT HE TPOSIBUI HEOOXOIMMOI OCTOPOXHOCTH, HOBUYOK,
pa3BiieKaroluiics ¢ odbekTamu Kiacca SillySoldier, MOXeT HEOXMIAHHO BCTPETUTHCS B
TEMHOM YIJIy ¢ 00beKTOM Kilacca BadMonster. B 3Tom ciyuyae oOMXXEHHBIE MTPOKU MOTYT
noTpedoBaTh OT BaC BO3BpAaTa JCHET.

[MockombKy Jsiydliie TIPOSIBJISITH OCTOPOKHOCTh 3apaHee, (PyHKIIMU, peTHa3HAYeHHbBIE IS
CO3MaHUsI OOBEKTOB, 3aJeICTBOBAHHBIX B UIpE, clelyeT o0beNMHUTh B OAHOM MHTepdelice.
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class AbstractEnemyFactory

{
public:
virtual Soldier* MakeSoldier() = 0;
virtual Monster* MakeMonster() = 0;
virtual SuperMonster®* MakeSuperMonster() = 0;

1

Torma ISt KaXmoro YpOBHSI CIOXHOCTHM CO3IaeTcsl KOHKpeTHas (abpuka BparoB, CO3-
Jaroias 00beKThl B COOTBETCTBUM C 33JJaHHOM CTpaTerveil Urphbl.

class EasyLevelEnemyFactory : public AbstractEnemyFactory

public:
soldier* MakeSoldier;
{ return new SillySoldier; }
Monster* MakeMonster()
{ return new SillyMonster; }
SuperMonster* MakeSuperMonster()
{ return new SillySuperMonster; }

1
class DieHardLevelEnemyFactory : public AbstractEnemyFactory

public:
soldier* MakeSoldier()
{ return new BadSoldier; }
Monster* MakeMonster()
{ return new BadMonster; }
SuperMonster* MakeSuperMonster()
{ return new BadSuperMonster; }

1

B 3akimouyeHue Mbl WHUIWAJIM3UPYEM yKa3aTeJib Ha 00BEKT Kiiacca AbstractEnemyFac—
tory COOTBETCTBYIOILETO KOHKPETHOTO KJlacca.

class GameApp

vo1 d SelectLevel()

{
if (noavzoeamensv vibpan aeekuii yposeHs uepul)
{
pFactory_ = new EasylLevelEnemyFactory;
}
else
{ .
pFactory_ = new DieHardLevelEnemyFactory;
3
private:

// Wcnonb3yem yka3aTenb pFactory_ Ans co3jaHus Bparos
AbstractEnemyFactory* pFactory_;

;
[MpeumyiiecTBa 3TOro MoAxona 3aKJIIOYAIOTCS B TOM, YTO OH COXPAHSIET BCE AETATM CO3MaHMS
Y COINOCTaBJIEHUsI BparoB BHYTPM JBYX peaiM3aliuii Kinacca AbstractFactory. ITockonbKy npu-
JIOXKEHVE MCTIONB3YeT yKa3areslb pFactory_ MCKITIOYUTENIBHO JJIS1 CChUTKM Ha OOBEKT MPOU3BOAM-
TeJIsl, COOTBETCTBUE OOBEKTOB YPOBHIO UIPhl 0OECTIEUBAETCS] aBTOMATUYECKHU.
[la6non mpoexktrpoBaHust Abstract Factory mpeanuchiBaeT, YToObl Bce (YHKIIMU,
MpeaHa3HaYeHHbIE JJIs1 CO3AaHUsI OObEKTOB, ObUIM COCPEIOTOUYEHBI B OTACIbHOM UHTepdeii-
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ce. 3aTeM MPOTrpaMMUCT JIOJIKEH BBITTOJIHUThL peajn3allvio 3TOro UHTepdeiica OTAebHO IS
KaXJ0ro ceMeNCTBa CO31aBaeMbIX OOBEKTOB.

Turnbl, aHOHCUpPOBaHHBIE A0CTPakTHBIM (abpuyHbIM MHTEpdeiicom (Soldier, Monster u
SuperMonster), Ha3bIBalOTCS abcmpakmHbimu usdeausmu (abstract product). Tumbl, KoTopble
(haxTruecku coznarorcs (SillySoldier, BadSoldier, SillyMonster u T.1.), Ha3bIBAIOTCS KOH-
Kpemubimu uzdeausmu (concrete product). DTU TEPMUHBI YK€ BCTPEUANICh B IJ1aBe 8.

OCHOBHOI1 HefoCTaToK 111absoHa Abstract Factory 3akiioyaeTcs B TOM, YTO 0a30BbIi
kiacc ¢habpuku (B HailleM NpumMepe AbstractEnemyFactory) IOJKeH BiaaaeTb UHbOpMa-
nMeil o0 KakIoM co3maBaeMoM abcTpakTHOM wmaaenuu. Kpome Toro, mo KpaiiHedt mMepe B
TOJIbKO UTO OTMUCAHHOM peajn3aliMu, KaXAblii KOHKPETHBIN (haOpuyHbIA Kilacc 3aBUCUT OT
KOHKPETHOTO M3/IEJIUsI, KOTOPOE OH CO3MaeT.

C moMolIIbIO TPUEMOB, OMUCAHHBIX B IJIaBe 8§, MOXXHO MOHU3UTH CTENEeHb dTOI 3aBUCH-
MocTH. B Toif ri1aBe MBI cO3maBajii KOHKPETHbIC OOBEKTBI, HE 3Has HMYEro 00 WX THUIIaX.
EnMHCTBEHHBIM JOCTYNMHBIM MCTOYHUKOM WHMOpMalMu ObUIM WAEHTU(MOUKATOPHI THUIIOB
(Hanmpumep, LeJIble YUCIa WIM CTPOKH).

OpHako, 4yeM 0oJibllie Mbl CHUXKAEM CTeTNeHb 3aBUCHUMOCTH MEXIy KjiaccaMM, TeM MEHb-
IIe CTAHOBUTCS 00beM HMHOOpPMALUM O THIAX, CJIEIOBATEIbHO, 3HAYMTEIHLHO CHIXKAETCS
CTeTIeHb TUITOBOI 0€30MacHOCTU MPUJIOXKEHUS. DTO ellle OAUH MPUMEP KJIaCCUUYECKOW AU-
JIEeMMBI, BO3HMKamolei B si3bike C++: BbICOKasi CTENEHb TUITOBOI GE30ITaCHOCTU WJIM Cla-
0ast B3aMMOCBSI3b MEXIY KJIacCaMu.

Kaxk 310 yacTto ObIBacT, MpaBUILHOE PEIICHNE MOXHO HAaWTH C TIOMOIIBIO KOMITPOMHUCCA.
B KaxaoM KOHKPETHOM TMPUJIOXKEHUM CJEAyeT MCKaTh CBOIO 30JI0TYyI0 cepeauHy. OOiuee
TPaBUJIO TaKOBO: MCIIOJIb3YyMTE CTATUYCCKYIO MOJENb, €CIU MOXETe, M TUHAMUYECKYI0 MO-
JIeJIb, €CJIU BBIHYKAEHDI.

OoOoOmmenHass peanu3anus ImabiaoHa Abstract Factory, ommcaHHasI B CISHYIOIIUX
paznenax, 061agaeT MHTEPECHBIM CBOMCTBOM, MO3BOJISIIOIIMM CHU3UTh CTEMEHb CTaTMYECKOM
3aBUCUMOCTHM MEXJIy KiaccaMu 06e3 CHUXKEeHUST CTeTICHU TUITOBOM 6e30MacHOCTH.

9.2. 06006LweHHbIN uHTepdelic wabnoHa Abstract Factory

Kaxk yxazpiBasioch B maBe 3, (hyHKIIMOHaIbHBIE BO3MOXHOCTU Kjlacca Typelist Mo3BoJsIIOT
peanu3oBaTh 00001eHHBI 11a0J0H Abstract Factory. B aToM pasiene mokazaHo, Kak Ompe-
niesisieTcsi 00001IeHHBINM MHTepdelic AbstractFactory ¢ MOMOIIBIO CITMCKOB TUTIOB.

ITpuMep, onucaHHBIA B MpeablayllieM pasfese, MpeacTaBiasieT co00i TUMUYHOE MpUMeE-
HeHue 11absoHa TMpoekTupoBaHUsi Abstract Factory. Ero umcnonb3oBaHue CBOAUTCS K
CJIEYIOLIEMY.

e OmpenernsieTcst aOCTPaKTHBIN Kitacc (KJacc abcTpakTHOM (DaGpHMKM), COmepKaIii o-
HY YMCTO BUPTYaJIbHYIO (DYHKIIMIO JUTS KaXKIOTO TWUTIA M3nenuii. BuprtyanbHast GhyHK-
1IMs1, COOTBETCTBYIOLIAsl TUIY T, OOBIYHO BO3BpallaeT ykazareab Thma T*. OHa Ha3bl-
BaeTcs CreateT, MakeT WM Kak-ToO elle.

e OmpenensieTcss OfHA WJIM HECKOJbKO KOHKPETHBIX (haOpuK, peau3yllIuXx WHTEep-
deiic, onpeneneHHbIl abcTpakTHOI (abpukoii. Peanmnsyercs kaxkmass u3 (QyHKLMIA-
YJIEHOB, CO3/IAIOIIMX HOBBI 00BEKT MTPOU3BOMHOTO TUMA C IMOMOIIBIO OMepaTopa new.

Bce 3TO BHINISIAUT TOBOJIBHO TIPOCTO, HO MPU BO3pAaCTaHWM KOJWYECTBA M3NEIUIA, cO3Ma-
BaeMbIX aOCTpakTHOi (haOpuKoii, mporpamMmma CTaHOBUTCS Bce Oosiee HeHalexHoil. bonee
TOTO, B JIIOOOK MOMEHT IMPOTPAMMUCT MOXET BHEIAPUTH B TIPOrpaMMy HOBYIO peau3aliuio,
KOTOpasi UCTMOJIb3YeT APYroil MeXaHU3M pacrpeneseHus] aMsTh, U TIPOTOTUN OOBEKTA.
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B 3T0i1 cuTyauuu Ha momolllb MPUXOAUT 11abJIoH Abstract Factory mpu YC/IOBUH,
YTO OH [TOCTATOYHO TMOOK W MO3BOJISIET JIETKO PEAIM30BaTh HOBBIM MEXaHW3M pacrpenese-
HUS MaMSTU U TIepeayu apryMeHTOB KOHCTPYKTODY.

HanmomHuM, 4TO 1IaOJIOHHBI Kilacc GenScatterHierarchy, ommcaHHBId B TjaBe 3,
KOHKPETU3UPYET 0a30BbIil 111a0JI0H, TPEAOCTABAEHHBIN TOJIb30BaTEIEM, I KaXKJA0ro THUIIA,
MPUBEACHHOTO B crucke TUMoB. [lo cBoeil CTpyKType MojyyeHHasi B pe3ysibTare KOHKPEeTH-
3a1us Kiacca GenScatterHierarchy Hacienyer Bce KOHKpETHM3alMu 11a0JIoHa, TIPe10CTaB-
JICHHOTO Tojb30BarejseM. MHbIMU cioBamMu, €ciid €CTh 1AabJIoOH Unit M CHHUCOK THUIOB
TList, TO Klnacc GenScatterHierarchy<TList, Unit> sBISeTCS HaCJIEOHUMKOM Kjacca
Unit<T> IJIs1 KaXI0ro Timna T, YKa3aHHOTrO B CIMCKe TList.

Krnacc GensScatterHierarchy MoXeT oka3aTbCsd O4Y€Hb IOJIE3HBIM IS OIpeAeSIeHUs
nHTepdeiica abcTpakTHOM (HaOPUKU — MPOrpaMMUCTY JAOCTATOUHO OMpPENeJUTh UHTepdeiic,
KOTOpPBII CITOCOOEH co3aaBaTh OOBEKTHI OMPEACIIEHHOIO TUIA, a 3aTeM MPUMEHUTh 3TOT UH-
Tepdeiic K HECKOJIbKUM TUIIaM € TIOMOIIbIO Kjiacca GenScatterHierarchy.

HMurepdeiic, cnocobHbIN co3maBaTh 00bEKTHI 0000IIEHHOro Kjacca T, BBILJISIAMT Clie-
IYIOLINM 00pa3oM.

template <class T>
class AbstractFactoryunit

public:
virtual T* DoCreate(Type2Type<T>) = 0;
virtual ~AbstractFactoryunit() {}

;

OTOT HEeOOJBIION 11a0JIOH BHIMISIAUT BITOJIHE MPUIMYHO — BUPTYaJIbHBIA JECTPYKTOP U
Huyero 6oJblie!, — HO 3aueM 3mech Kiace Type2Type? Kak ykasbiBanoch B IJIaBe 2, KJIACC
Type2Type — 3TO MPOCTON 1abJIOH, eMMHCTBEHHOE TIpeaIHa3HaYeHNEe KOTOPOro — obecrie-
YUTh OMHO3HAYHBIN BBIOOP IMeperpykeHHbIX (YHKIMHI. JlamHo, HO TAe TYT IMeperpyKeHHbIe
dyukuuu? Benp B kitacce AbstractFactoryUnit omnpeaensieTcsl TOJIbKO odxa (PyHKIUsI Do-
Create. OmHaKO OJHOM M TOM Xe MepapXuy KJIacCOB MOTYT MpUHAIIeXaTh pa3Hble KOHKPE-
TU3alMKM Kjiacca AbstractFactoryunit. Knacc Type2Type<T> MO3BOJSIET U30eKaTh HEOI-
HO3HAYHOCTH BHIOOpA pa3HBIX BapMAaHTOB TEpeTPY:KeHHOM (yHKIMKM DoCreate.

O600611eHHBII MHTepdeiic AbstractFactory Mcnoyb3yeT Kiacc GenScatterHierarchy
B COUYETaHUM C KJIacCoM AbstractFactoryunit.

template

<

class TList,
template <class> class Unit = AbstractFactoryunit

>
class AbstractFactory : public GenScatterHierarchy<TList, Unit>

{
public:
typedef TList ProductList;
template <class T> T* Create()
{
Unit <T>& unit = *this;
return unit.DoCreate(Type2Type<T>());

! BupTtyanbHble 1eCTPYKTOPBI TOAPOGHO 0GCYXKAANTUCH B IiaBe 4.
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Bot TyT-TO Ha apeHe mMosBIsIeTCS Kiacc Type2Type, YTOUHSIOUINM, 4TO (DYHKLIMSA Do-
Create BbI3bIBaeTCs (yHKIMel Create. [IpoaHanm3upyeM cieayroinuii hpparMeHT Koja.

// Kop npunoxeHus
typedef AbstractFactory

<

TYPELIST_3(Soldier, Monster, SuperMonster)
>
AbstractEnemyFactory;

B r1aBe 3 ObUIO TOKA3aHO, YTO LIAOIOHHBIN Kilacc AbstractFactory reHepupyeT uepapxuio
KJ1accoB, MoKa3aHHyo Ha puc. 9.2. Kiacc AbstractEnemyFactory sIBISIeTCSl IOTOMKOM KJIacCOB
AbstractFactoryuUnit<Soldier>, AbstractFactoryuUnit<Monster> M AbstractEne-
myUnit<SuperMonster>. B KaXIoM U3 HMX ONpENEsIeTCsl YUCTO BUPTyalbHasl (QYHKIUSI-YICH
DoCreate, Tak 4To KiacC AbstractEnemyFactory o0jamaeT Tpemsl Ieperpy:KeHHBIMU (DyHK-
musiMu DoCreate. Kopoue roBopsi, kiacc AbstractEnemyFactory NpakTUYECKH 3KBUBAJICHTEH
abCTpaKTHOMY KJIacCy C TeM K¢ MMEHEM, OIPEICICHHOMY B IIPEObIIYILIEM paszec.

AbstractFactoryUnit AbstractFactoryUnit
<Soidier> <SuperMonster>
GenScatterHierarchy GenScatterHierarchy
<SuperMonster,AbstractFactoryUnit> <NullType,AbstractFactoryUnit>
AbstractFactoryUnit
<Monster>
GenScatterHierarchy GenScatterHierarchy
<Monster,AbstractFactoryUnit> <TYPELIST_1(SuperMonster),AbstractFactoryUnit>
I
GenScatterHierarchy GenScatterHierarchy
<Soldier,AbstractFactoryUnit> <TYPELIST_2(Monster, SuperMonster),AbstractFactoryUnit>
I
AbstractEnemyFactory

Puc. 9.2. Hepapxus kaaccos, eenepupyemas kaaccom AbstractFactory
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[lla6nonHas dyHkuus-wieH Create U3 kjiacca AbstractFactory urpaer pojib AWCIIET-
yepa, HampasJSIIOLIEro 3alpoc Ha CO3AaHue 00bEKTa COOTBETCTBYIOLEMY 0a30BOMY KJIACCy.

AbstractEnemyFactory* p = ...;

Monster* pOgre = p->Create<Monster>();

ABTOMAaTHMYECKM TeHepupyemasi BepcHsl Kjiacca o0JafaeT OJHUM BaXKHBIM TPEUMYIIECT-
BOM — KJacc AbstractEnemyFactory MMeeT BbICOKUI YpOBEHb ModyabHocmu (granularity).
ITporpaMMHCT MOXET aBTOMaTUYECKU KOHBEPTUPOBATH CCHUIKY Ha OOBEKT Kjlacca Abstrac-
tEnemyFactory B CChUIKY Ha OOBEKT Kilacca AbstractFactory<Soldier>, AbstractFac-
tory<Monster> uiauM AbstractFactory<SuperMonster>. TakuM o00pa3oM, pazJIMYHbIM
YacTsIM TIPUJIOXKEHUS MOXHO TIepeaBaTh JUIb HeOosbliue pa3nesbl (Gadpuku. Hampumep,
JIOMYCTUM, YTO HEKUIl MOIyJb (Surprises.cpp) AOKEH CO3[AaBaTh TOJIbKO OOBEKTHI Kilacca
SuperMonster. DToMy MOIYJI0 MOXHO TepeaaBaTh TOJbKO YKa3aTelu WIX CChUIKM Ha 00b-
eKThl KJlacca AbstractFactory<SuperMonsters>, Tak 4YTO MOAYJIb SUrprises.cpp He CBs-
3aH HU C KJ1accoM Soldier, HU ¢ KJIaccoMm Monster.

Hcrnonb3yst MomyabHOCTh Kiacca AbstractFactory, MOXHO COKpPaTUTb KOJWUYECTBO
CBsI3ell, 3aeliCTBOBAHHbBIX B 111abJIOHE TIpoeKTUpoBaHus Abstract Factory. OTo He CHU-
3UT CTeMeHb 0e30MacHOCTH MHTepdelica abCTpakTHO (HaOPUKU, MOCKOJIbKY MOMIYJIbHBIM
SIBJISIETCSI TOJIbKO MHTEpdeiic, a He peasu3alus Kiacca.

Hrak, nepen Hamu BcTaeT mpobOsieMa peanusaliuu MHTepdeiica. Bropoe BaxkHoe Tmpe-
MMYIIECTBO aBTOMAaTUYECKU CTEHEPUPOBAHHOW BepcuM Kjacca AbstractEnemyFactory 3a-
KJIIOYaeTCsl B TOM, UTO €ro peajiu3alus TakKe TeHepupyeTcsl aBTOMaTUYECKU.

9.3. Peanusauusa knacca AbstractFactory

Omnpenenus uHTepdeiic, TepeiaeM K peaau3allid Kiacca, CTPeMsICh cIejiaThb 3TO Kak
MOHO IPOLIE.

IMockonbKy MHTEpGEC MCIONb3yeT CIUCKKM TUITOB, €CTECTBEHHO IOCTPOUTH OOOOIICH-
HYI0 pealn3alnio Kiacca AbstractFactory ¢ ITOMOIIBIO CITMCKOB THUIIOB KOHKPETHBIX W3-
ngemii. C MpakTUYeCKON TOYKM 3pEHMsI pealn3aliis Kiacca, COOTBETCTBYIOIIETO JIETKOMY
YPOBHIO WIPBI, JOJIKHA BHINISIACTH CJACAYIOIIMM 00Pa3oM.

// Kopa, npuioxeHus
typedef ConcreteFactory

<
// AbCTpakTHaa (abpuka, noanexauwas peannsauuu
AbstractEnemyFactory,
// CTpaTerus co3jaHus obbekToB
// (Hanpumep, C nomolubld onepaTopa hew)
OpNewFactoryunit,
// KOHKpeTHble Knacchl, co3JaBaemble AaHHOW (habpukon
TYPELIST_3(Sillysoldier, SillyMonster, SillySuperMonster)
>

EasylLevelEnemyFactory;

Tpu aprymeHTa TMIIOTETHUYECKOro (ITOKa) IIIabJIOHHOro Kiacca ConcreteFactory co-
JiepXaT JOCTaTOYHO MHMOPMAIUK, YTOOBI TTOJIHOCTBIO peain3oBaTh (GabpUKy.

e Kiacc AbstractEnemyFactory onuchiBaeT uHTepdeiic abcTpakTHoM (habpuku, Mo-
Jiexallieil peaqvsaluy, U HESIBHO 3a1a€T CIMCOK U3AETUIA.

o Kiacc OpNewFactoryUnit mpeactaBisieT cOOO CTpaTeTruio, ONpPenesIsIoniylo, KakKuM
00pa3oM ocyulecTBisieTcs: (haKTUUECKOe CO3/1aHne OObEKTOB.
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e CHuCOK THUIIOB CONEPXUT HAOOp KJIacCcoOB, co3naBaembix (hadpukoit. Kaxmplii KOH-
KPETHBIA TUII, YKa3aHHBIA B CIIMCKE, COOTBETCTBYET aOCTPAKTHOMY THUIY C TEM XK€
WHAECKCOM B CITMCKE TUIOB Kiacca AbstractFactory. Hanmpumep, kinacc Si11yMon-
ster (uHzmekc 1) mpeacrapisieT co0Oil KOHKPETHYIO Pa3HOBUIHOCTb Kjacca Monster,
WMEIOIIYIO TOT XK€ MHIEKC B OmpeeeHuu Kiacca AbstractEnemyFactory.

OnucaB kinacc ConsreteFactory, mornpoOyemM ero peaiau3oBaTb. HemMHOro mopasmbic-
JIUB, JIETKO MPUATH K BBIBOJY, UTO KOJMYECTBO 3aMEUICHUI YMCTO BUPTYaAJIbHbIX (YHKIIMUI
JIOJDKHO COBMAAaTh C KOJUYECTBOM oOlpedesieHuit kiacca. (B mpoTuBHOM ciyyae Mbl He
CMOrJiM Obl KOHKpPETM3MpOBaTh Kjacc ConcreteFactory.) CnemoBaTelbHO, Kjiacc Con-
creteFactory J0/DKeH ObITh MPOM3BOJHBIM OT Kjacca OpNewFactoryUnit, OoTBevalollero
3a peann3auuio pyHkUM DoCreate.

3mech 0oJblyI0O TIOMOIIL MOXET OKa3zaThb WIA0JIOHHBIA Kiacc GenLinearHierarchy
(tnaBa 3), MOCKOJIbKY B HEM TMPEAyCMOTPEHbI BCE AETAIU TeHepaliMi HY>KHbIX HaM pean3aluii.

Knacc AbstractEnemyFactory JokeH ObITh KOpHEeM uepapxuu. Bce peanuzanmm
(yHkuun DoCreate M OKOHUaTeJbHbIN Kiacc EasyLevelEnemyFactory JOJKHBI ObITh
MPOM3BOAHBIMU OT Hero. B Kaxmoil peanuzanum kiacca OpNewFactoryUnit J0oKHA 3aMe-
aThCcsl OHA M3 TPeX YMCTO BUPTYaIbHBIX (YHKIIMI DoCreate, OMpelesieHHbIX B Kjacce
AbstractEnemyFactory.

OnpenenuM kiacc OpNewFactoryuUnit. OueBuaHO, Kiacc OpNewFactoryUnit — aTo
WabJIOHHBIN KJacc, MOJIyYarolldii TN CO31aBaeMOro 00beKTa B Ka4eCTBE 1Ia0JOHHOTO Ma-
pametrpa. Kpome Toro, kiacc GenLinearHierarchy TpeOyeT, uToObl Kjiacc OpNewFacto-
ryunit moJjyyana JOIOJHUTENbHbIN 111a0JOHHBII MapameTp U Obul ero nmotoMkoM. (Kiacc
GenLinearHierarchy wucnoib3yeT BTOpOW apryMeHT ISl TeHepaluu JUHEeWHOou (string-
shaped) wepapxuy HacliemoBaHUS, N300paxeHHOM Ha puc. 3.6.)

template <class ConcreteProduct, class Base>
class OpNewFactoryuUnit : public Base

{

typedef typename Base::ProductList BaseProductList;
protected:

typedef typename BaseProductList::Tail ProductList;
public:

typedef typename BaseProductList: :Head AbstractProduct;

concreteProduct® DoCreate(Type2Type<AbstractProduct>)

{

return new cConcreteProduct;

}

1

YTtoObl  ompemenuTh, Kakoe  aOCTpaKTHOe  HM3Aeiue  CJemyeT  Cco3laTh,  KJacc
OpNewFactoryUnit J0JKeH BBIMOJIHSTH TOJIbKO OAHO BBHIYMCIEHUE THIIA.

Kaxnast koHKpeTu3alus Kiacca OpNewFactoryunit sIBIsieTCsI KOMITOHEHTOM HEKOeH
“nuuieBoit” nenu. Kaxmas KoHKpeTM3alMsl Kjacca OpNewFactoryUnit “oTKychiBaeT” ro-
JIOBY CITMCKA W3JAEMWii, 3aMelasi COOTBETCTBYIOIIYIO (YHKIMIO DoCreate W mepeaaBast
“0e3roJIoBbIil” cnmucoK ProductList BHU3 IO MepapXuu KiaccoB. TakuMm obOpa3oM, KOHKpe-
TU3alMs Kiacca OpNewFactoryunit, HaxomsInascs Ha BeplIMHe MepapXuu (cpasy 3a Kiac-
coM AbstractEnemyFactory), peanusyer (yHKLUMIO DoCreate(Type2Type<Soldiers), a
KOHKpETU3allus, Haxomdllascsd Ha [THE WepapXuu, peaqusyeT (yHKuIMio DoCre-
ate(Type2Type<SuperMonsters>).

Hrak, monpobyem pa3obparbes, ToueMy Kiiacc OpNewFactoryuUnit 3aHMMaeT TaKoe BbI-
COKOE TOJIOKeHUE B uepapxuu. Bo-mepBbiX, kiacc OpNewFactoryUnit MMMOOPTUPYET THII
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ProductList u3 0a30BOro kjacca M TIpUCBaMBaeT eMy HOBoe uMs BaseProductList.
(ITpocmoTpeB onpeneneHue Kiacca AbstractFactory, Jerko MoHsTb, YTO OH Ha CaMOM Jie-
Jie BKCIopTUpyeT TUll ProductList.) AOCTpakTHOe W3MENNe, pPeaM30BaHHOE KJIACCOM
OpNewFactoryUnit, mpencrasisieT co0Oi rojioBy crnucka BaseProductList B COOTBETCT-
BUU C ompeleeHreM Kiacca AbstractProduct. B 3akmoueHue kinacc OpNewFactoryunit
pesKcnopTUpyeT Kiacc BaseProductList::Tail B kauectBe Tvmna ProductList. OcraB-
1asicsl 4YacTh CIMCKa TMepeaaeTcsl BHU3 110 UEPaApPXUU.

OO6paruTe BHUMaHWE Ha TO, 4TO (YHKIIMSI OpNewFactoryUnit::DoCreate He BO3Bpa-
1IaeT yKazaTesb Ha 00BbeKT Kiacca AbstractProduct, Kak 3TO JefaeT ee HACTOSIIIUI Mpo-
ToTUIl. BMecTto »TOro oHa BO3BpalllaeT yka3aTelb Ha OOBEKT Kjacca concreteProduct.
MoXHO M 3TO TO-TMpEeXHEMY KBaau(UIIMPOBaTh KaK peaiu3alliid YUCTO BUPTYaJbHOM
byukuun? Jla, 6aarogapst KoeapuaHmHusiM MUnam 603eépauaemvltx 3Havenui (covariant return
types). fA3pik C++ mo3BosisieT BoO3BpalllaTh yKaszaTesib Ha OOBEKT Hpou3eo0H020 Kiacca.
B 3Tom ectb ryOokuii cmbici. biarogaps 3TUM TANaM MPOrpaMMUCT JIMOO 3HAET TOYHBINA
TUT KOHKPETHOU (habpuku, monydyasi MakCUMyM MH(popManuu, Jubo 3HAeT TOJIbKO ee 6a3o-
BbIil THUII, MOJyYasi MEHbIIUN 00beM MHGbOPMALIUK.

Krnacc ConcreteFactory A0KeH TeHEepUpOBaTh MEPapXUI0, MCIOJb3ysl Kiacc Gen-
LinearHierarchy. Ero peanusaius BIIOJHE OYe€BHIHA.

template

<

class AbstractFact,
template <class, class> class Creator = OpNewFactoryuUnit,
class TList

>

class ConcreteFactory

public GenLinearHierarchy<
typename TL:Reverse<TList>::Result, Creator, AbstractFact>

typedef typename AbstractFact::ProductList ProductList;
typedef TList ConcreteProductList;

;

HMepapxuss  kimaccoB, TeHepupyemas KiaccoM GenLinearHierarchy mns  Kkiacca
concreteFactory, roka3zaHa Ha puc. 9.3.

3mech CKpBIBAaeTCS OMHA MajJeHbKas XUTPOCTh: Kiacc ConcreteFactory JOKEH mepe-
BOpauMBaTh CMUCOK KOHKPETHBIX M3IENWi, NepenaBasi ero kiaaccy GenLinearHierarchy.
3auem? JIJisg 3TOTO HYXXHO BEpPHYThCS K pHC. 3.6, Ha KOTOPOM TOKa3aHO, KaK Kjacc Gen-
LinearHierarchy reHepupyeT uMepapxuio. DTOT Kjacc mepefaaeT TUIbl U3 CIUCKA TUIIOB B
aOJOHHBI apryMeHT Unit cHU3y BBepX. [lepBbIii 3JIEMEHT CITHMCKa TUIIOB TepemaaeTcs
KOHKpeTH3alMy Kjacca Unit, Haxoasuieiicss Ha JHe uepapxuu KiaccoB. OaHaKo Kiacc
OpNewFactoryUnit peamusyer meperpy3ky (yHkimu DoCreate cBepxy BHU3. CrenoBa-
TeJIbHO, KJlacC ConcreteFactory JHOMKeH MepeBopauuMBaTh CIMCOK TList, UCMOJb3YsS cTa-
TUYECKHWI aJirOpUTM TL: :Reverse (raBa 3), U TOJBKO ITOCJIE 3TOTO TepeaaBaTh €To Kiaccy
GenLinearHierarchy.

Ecnu BBl Bee ellle cuMTaere Kiaacchl AbstractFactory u ConcreteFactory CIOXHBIMU
Y 3amyTaHHBIMU, TIOTepnuTe. Tak KaxeTcs MOTOMY, YTO KJIACChl HEOPEXKHO oOpallialoTcs Co
criuckaMu TUTIOB. CITMCKU TUIIOB TPENCTABISIIOT CO00M HOBOE TOHSTHUE, M, YTOOBI TTPUBBIK-
HYTb K HeMy, TpeOyeTcsi Bpemsi. Eciu Bbl OyaeTe cuMTaTh CIMCKM THUIIOB MOJ00MEM
“yepHOro sIMKa” — “CIUMCKM TUIIOB IO OTHOIIEHUIO K TUIIAM MTPAIOT TY X€ POJib, UTO U
OOBIYHBIE CITMCKW TI0 OTHOIICHWIO K 3HAYEHWsIM”, — peaju3alusl KJIACcCOB cpa3y CTaHEeT
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noHstHee. Ecim YK BbI Ha camom dene PCIININ HCIIOJb30BaTh CIIMCKMU TUIIOB, TO BalllXd BO3-
MOXKHOCTU CTaHYT MOMCTUHE HECOTPaHUYCHHBIMU. He BepI/ITe? YuraiiTe nanbiie.

AbstractEnemyFactory

_>

OpNewFactoryUnit<SillySoldier, AbstractEnemyFactory>

_>

GenLinearHierarchy<TYPELIST_1(SillySoldier), OpNewFactoryUnit,AbstractEnemyFactory>

_>

OpNewCreator<SillyMonster, GenLinearHierarchy<TYPELIST_1(SillySoldier), OpNewFactoryUnit, AbstractEnemyFactory>>

_>

GenLinearHierarchy< TYPELIST2(SillyMonster, SillySoldier), OpNewCreator,AbstractEnemyFactory>

i

OpNewFactoryUnit<SillySuperMonster, GenLinearHierarchy
<TYPELIST2(SillyMonster, SillySoldier), OpNewCreator,AbstractEnemyFactory>>

i

GenLinearHierarchy<TYPELIST_3(SillySuperMonster, SillyMonster, SillySoldier), OpNewFactoryUnit,AbstractEnemyFactory>

i

EasyLevelEnemyFactory

Puc. 9.3. Hepapxusa kaaccos, eenepupyemas oas kaacca EasyLevelEnemyFactory

9.4. Peanuszauua waodbnoHa Abstract Factory Ha ocHOBe
NpPOTOTUMNOB

IIIa6non mpoektupoBaHust Prototype (Gamma et al., 1995) onuceiBaeT METOH CO31a-
HUs1 O0BEKTOB, HAUMHAsI C npomomuna, MPEACTaBIsIOlEro codboit Hekuil apxerun. HoBble
OOBEKTHI TTOYYaAIOTCS TYyTeM KIOHUpOBaHUs TpotoTuna. CyTh 3TOro crocoba 3aKiIiovaeTcs
B TOM, YTO (DYHKIIMSI KIIOHUPOBAHUS SIBJISIETCSI BUPTYaJIbHOM.

B rnmaBe 8 meranbHO oOcyXknmamach BaXkHas MpobjieMa, BO3HUKAIOIIAs TPU CO3MaHUU T10-
JIMMOPGHBIX 00BbEKTOB. DTa MpobiieMa Ha3bIBACTCS OUAEMMOU 8UPMYANbHO20 KOHCMPYKMOpQ.
MpU CO3JaHUM OOBEKTa C HyJIA HYXXHO 3HAThb TUIT CO3IaBaeMOTO OOBEKTa, XOTS IOJIMMOp-
u3M npenronaraeT omcymemeue TOYHON WHGOPMAITUN O THUIIE.
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[IIa6aoH TpoekTMpOBaHUSI Prototype m36eracT 3TOW OUIEMMbBI, MUCITONb3YsT TPOTOTHUII
obbekTa. MMesi mpoTOTUII, Mbl MOXEM HCMOJIb30BaTh MPEUMYIIECTBA BUPTYaJIbHbIX (DYHK-
umii. JlunemMma BUPTYaIbHOTO KOHCTPYKTOPA TT0 OTHOIIIEHUIO K CAaMOMY TTPOTOTHUITY OCTAaeTCs
HepelIeHHOM, HO Terepb OHa HOCUT HAMHOTO 0oJjiee JJOKaIbHBIN XapakTep.

B omucaHHOM BBIlIE MMpUMepe TOAXOI, OCHOBAaHHBIM Ha TMPUMEHEHUM TPOTOTHIIOB IPU
CO3MaHUU BparoB, 3a/le€iCTBOBAHHBIX B KOMITbIOTEPHON UTPE, BHIHYXIAET MCIONb30BaTh yKa-
3aTesid Ha O0BbeKThl 0a30BbIX KiaccoB Soldier, Monster u SuperMonster. B atom ciyuae
KOJl MOXET BBINIAAETh IPUMEPHO TaK.2

class GameApp

void SelectLevel()
{
if (noavzoeamens 6viOpan YpPo8eHb NOBbIUEHHOU CAONCHOCU)
{
protosoldier_.reset(new BadSoldier);
protoMonster_.reset(new BadMonster);
protoSuperMonster_.reset(new BadSuperMonster);
}
else
{ . . .
protosoldier_.reset(new SillySoldier);
protoMonster_.reset(new SillyMosnter);
protoSuperMonster_.reset(new SillySuperMonster);

soldier* Makesoldier()

{
// B KaxioOM BpPaxXeCKOM Kjiacce onpejaensiercs
// BupTyanbHasa ¢yHkumsa Clone
return protoSoldier_->Clone();
Knaccol MakeMonster u MakeSuperMonster onpenenswTca aHalOrM4yHo
private:

// Wcnonb3yeM 3TW MNPOTOTWUMbLI ANIA CO3JaHMA Bparos
auto_ptr<Soldier> protoSoldier_;
auto_ptr<Monster> protoMonster_;
auto_ptr<SuperMonster> protoSuperMonster_;

}

Pasymeetcs1, B peaibHOM Kojie Jiydllle ObLIO Obl pazaenuTbh uHTepdeiic u peanusanuio. Oc-
HOBHasl Mesl 3aKJII0YaeTcsl B TOM, UTOObI KJIacC GameApp XpaHWJ yKasaTeau Ha 0a3oBbie
BpaxKe€CKHe KJIacChl — MpOTOTUIIbL. Kilacc GameApp UCMOJb3YyeT 3TW MPOTOTUIIBI 1T CO3/a-
HUSI BPaXXECKUX OOBEKTOB, MMPUMEHSS K HUM BUPTyalbHyl0 GyHKUHMIO Clone.

Peanu3zaius mabiona Abstract Factory, ocHOBaHHasi Ha TIPUMEHEHUU MPOTOTUIIOB,
MOXET XPaHUTh yKa3aTejdb Ha KaXAbI TUM W3AENUS U UCMHOJb30BaTh JUISI CO3AAHUSI HOBBIX
uznenuii pyHkuuio Clone.

B xuacce ConcreteFactory, MCHOJIB3YIOIIEM MPOTOTUIT, OOJIbIIE HET HEOOXOAUMOCTU
MpeaycMaTprMBaTh KOHKPETHbIE TUIBI. B HaiieM mpumepe ais co3gaHusi 00bEKTOB KJIAaCcCOB
Sillysoldier u BadSoldier HyxXHO Jullb nepeaaTh (pabpUKe COOTBETCTBYIOLLIME IPOTO-
Tumbl. CTaTUYeCKU TUTT MPOTOTUIIAa — 6a30BbIi Kiacc Soldier. dabpuka He 0OsI3aHa HU-

2 YuTtute, 3TOT KOI HEBEPHO O6pa6aTbIBaeT UCKITIOYUTEIbHBIE CUTYaLlUU. I/ICHpaBLTe €ro camo-
CTOATEJIbHO.
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Yero 3HaTh O KOHKPETHBIX TUIIaX 00BeKTOB. OHa IIPOCTO BHI3LIBACT BUPTYAJIBbHYIO (PYHK-
LUIO-4JieH Clone U3 COOTBETCTBYIOIIETO MPOTOTHMNA. DTO OC/IA0IsIeT 3aBUCUMOCTh KOHKPET-
HbIX (paOpUK OT KOHKPETHBIX TUIIOB.
OpHako, Uil TOro 4YToObl MeXaHM3M Kiacca GenLinearHierarchy pabGotan nmpaBWIBHO,
HYX€H CIIICOK TUIIOB. HarmoMHMM, KakK BBHITJISIAUT OOBsIBIICHUE KJlacca ConcreteFactory.
template
<
class AbstractFactory,
template <class, class> class Creator,
class TList
>
class ConcreteFactory;

Knacc TList — 3TO cnMCOK KOHKpeTHBhIX M3neauil. B kmacce EasylevelEnemyFactory
KJIacc TList ObLT M3BeCTeH moa uMeHeM TYPELIST_3 (Sillysoldier, SillyMonster,
SillySuperMonster). [lpu wucnonb3oBaHuM 111abJOHA TIPOEKTUPOBaHUS Pattern kiacc
TList craHOBUTCSI HeyMecTHbIM. OgHaKO Kjacc TList mo-mpexxHeMy HeoOXOIMM KJaccy
GenLinearHierarchy mis reHepalny OTHASIBHOTO Kjacca IS KaXKIOro M3ACIMs, yKa3aH-
HOTO B CIMCKe aOCTpaKTHBIX u3naeaunii. Yto menatb?

B oT1oii cuTyauuu ecTtecTBEHHO TiepefaTh CHUCOK abCcmpakmHuuix u3deauil Kjaccy Con-
creteFactory B KayecTBe apryMeHTta TList. Temeppb Kilacc GenLinearHierarchy cMoxer
TeHepUpPOBaTh MpPaBWILHOE KOJWYECTBO KJIACCOB, a M3MEHSATH pealn3aluio Kiaacca Con-
creteFactory He ITOHagoOOUTCS.

OOBsBIIeHNE KJlacca ConcreteFactory IMpUHUMAET CIICAYIOIINI BUI.

template

<

class AbstractFactory,
template <class, class> class Creator,
class TList = typename AbstractFactory::ProductList

>
class ConcreteFactory;

HanomHuumM, uto ompeaeneHue Kiacca AbstractFactory, mpuBeieHHoe B pasaene 9.3, co-
JIEP>XUT BHYTPEHHUU Kiacc ProductList.

Ilepeitnem Tenepb K peayn3alMy 1Ia0JOHHOIO Kiacca PrototypeFactoryuUnit, comep-
JKalllero MPOTOTUIT M BbI3bIBatollero (yHkiuioo Clone. Ero peanusanusi HAMHOTO MpOILE,
yeM peanmsalus Kjiacca OpNewFactoryUnit, MOCKOJIbKY BMECTO dgyx CIIUCKOB TUITOB KJAcC
PrototypeFactoryUnit paboTaeT TOJbKO C OJHUM CIUCKOM aO0CTPAaKTHBIX U3IETIUM.

template <class AbstractProduct, class Base>
class PrototypeFactoryunit : public Base

typedef typename Base::ProductList BaseProductList;
protected:
typedef typename Base::ProductList::Tail ProductList;
public:
typedef typename Base::ProductList::Head AbstractProduct;
PrototypeFactoryunit(AbstractProduct* p = 0);
pPrototype_(p)

friend void DoGetPrototype(const PrototypeFactoryunit& me,
AbstractProduct*& pPrototype)

pPrototype = me.pPrototype_;

friend void DoSetPrototype(PrototypeFactoryunit& me,
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AbstractProduct® pobj)
{

}
template <class U>
void GetPrototype(AbstractProduct*& p)

me.pPrototype_=p0Obj;

return DoGetPrototype(*this, p);
}

template <class U>
void SetPrototype(U* pObj)
DoSetPrototype(*this, pobj);

AbstractProduct®* DoCreate(Type2Type<AbstractProduct>)

{
assert(pPrototype_);
return pPrototype_->Clone();
private:

AbstractProduct®* pPrototype_;

};

[Ia6aoHHbIA Kilacc PrototypeFactoryUnit OCHOBAaH Ha HEKOTOPBIX MPEANOJOXEHUSIX.
Bo-nepBbiX, OH He BiajeeT CBOMM MPOTOTUIIOM. MOXHO TOTpeOoBaTh, YTOOBI (DYHKIIMS
SetPrototype yaansja cTapblii MPOTOTUN Meped €ro nepenprcBavBaHueM. Bo-BTOpbIX,
Kj1acc PrototypeFactoryUnit ucrnonb3yeT yHKIMO Clone, MPEeAnoJoXUTEIbHO KIOHU-
pylolylo 00beKT. B KOHKpPETHOM MPUIOXKEHWHM MOXHO MCMOJb30BaTh APYroe MMsi, pyKOBO-
JICTBYSICb COOCTBEHHBIMU BKYCaMU WM TPEOOBAHUSIMU, TIPEABSIBISIEMbIMI OMOJIMOTEKOM.

Ecnu HykHO HacTpouThb (habpvKy, OCHOBAaHHYIO HA MPUMEHEHUM IPOTOTUIIOB, JOCTAaTOUYHO
HaIMcaTh 11a0JIOHHBIN KJIacC, aHAJIOTMUHBIN Kilaccy PrototypeFactoryunit. st aToro MoxHO
MPUMEHUTh MEXaHU3M HacJefoBaHusl, CiesiaB Kilacc PrototypeFactoryUnit 6a30oBbIM U 3ame-
1ast COOTBeTCTBYIoLME (DYyHKIMU. JIOMyCTUM, YTO MBI PElIMIM peau3oBaTh (yHKIMIO DoCre-
ate Tak, 4ToObl OHA BO3Bpalllajla HYJIEBOI yKa3aTesb, €C/IM yKa3aTe/lb Ha MPOTOTUIT PaBEH HYJIO.

template <class AbstractProduct, class Base>

class MyFactoryunit
public PrototypeFactoryuUnit<AbstractProduct, Base>

public:
// Peanusyem tyHkumiw DoCreate Tak, 4YTobbl OHa jAonyckana
// HyneBOW ykKasaTeNlb Ha NpoTOTUN
AbstractProduct®* DoCreate(Type2Type<AbstractProduct>)

return pPrototype_ ? pPrototype_->Clone() : 0;
}
1
BepHeMmcst K Hallleii KOMITbIOTEpHOU urpe. 11 TOro 4YToObl ONpEene]UTh KOHKPETHYIO
(habpuky, HaM HYXXHO HaIMcaThb CJICAYIOLINI KOJ MPWIOKEHUSI.

// Koa npunoxeHus
typedef ConcreteFactory

<
AbstractEnemyFactory,
PrototypeFactoryunit
>
EnemyFactory;
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I/ITaK, AyoT KJacCOB AbstractFacto ry/Conc reteFactory mnpeaocTaBisIEeT HaM Clie-
AYIOIIME BOSMOXKHOCTH.

o Jlerko OIIPEACIATD (1)a6pI/IKI/I C MOMOLIbBIO CITUCKOB TUIIOB.

e [lockonbky Knacc AbstractFactory HacjieiyeT KaXAblii U3 CBOMX KOMIIOHEHTOB,
ero wuHTepdeiic obmamaeT BBICOKOW MOMYJIbHOCTbIO. OTIOENbHBIC YyKa3aTeidu WIu
CCBUIKM Ha MOA00BEKThI Kiacca AbstractFactoryUnit<T> MOXHO MepeaaBaTh pas-
HBIM MOIYJISIM, YMEHBIIIas OOIIYI0 B3aMMO3aBUCHUMOCTD KJIaCCOB.

e Jlng peanusanuu kjacca AbstractFactory MOXHO TPUMEHUTH Kiacc Concrete-
Factory, MCMOJb3ysl CTpaTervio, AUKTYIOLIYI0O METOJ co3aaHusi o0bekToB. CTaTtnye-
CKM CBSI3aHHBIM CTpaTerusiM CO3laHusi OOBEKTOB (TakKMM Kak Kiacc OpNewFacto-
ryunit, HCNOJIb3YIOUIMI ONEepaTop new) HY>XKHO TMepeaaBaTh CIMIUCOK KOHKPETHBIX W3-
NeJInii, co3aaBaeMbix (HabpUKOIi.

e Haubonee pacmpocTpaHeHHON CTpaTerveil Co3maHus OOBEKTOB SBISICTCS I1abJIOH
MPOEeKTUPOBaHUsI Prototype. DTy cTpaTeruio MOXHO JIETKO peajn30BaTh B Kiacce
ConcreteFactory ¢ MOMOIIbIO 111a0JJOHHOTO KJlacca PrototypeFactoryunit.

[TorpoOyitTe TONYYUTH BCE TEPEYMCICHHBIC BBIIIE MPEUMYIIECTBA, PEaJu30BaB IIA0JIOH
MPOeKTUPOBaHUs Abstract Factory BpyyHYIO.

9.5. Pe3iome

[Ia6aoH mpoekTupoBaHusl Abstract Factory — uHTepdeiic st co3naHust ceMmeicTBa
CBSI3aHHBIX WJIM B3aMMO3aBUCUMBbIX MOJUMOPGHBIX 00bekTOB. McCrosb3ysi 3TOT 11a0JIOH,
MOXKHO Pa3feINTh KJIACChl peain3allii Ha pa3Hble HeTlepeceKarolnuecs CEMEenCTRa.

Hutepdeiic 060011eHHOI abCTpakTHOM (abprKy MOXHO peasiu30BaTh C MOMOILbBIO CIU-
CKOB THUIIOB M 1IA0JIOHHBbIX cTpareruit. CUCcKU TUMOB TMPEeayCMaTPUBAIOT CIIUCKW U3ACIUN
(KOHKPETHBIX 1 aOCTPAKTHbBIX) U 11AOJOHHbIE CTPATEernHu.

[la6nonHbIN KiMacc AbstractFactory TpeacTaBiseT CO0Oil CKeJIeT NIl OIpeaesieHus
abCcTpakTHBIX (abpUK B COUYETaHMU C IIAOJOHHBIM KjaccoM AbstractFactoryunit. Kiacc
AbstractFactory Mcmoyib3yeT Kjlacc GenScatterHierarchy (rasa 3) misi TeHEpUPOBAHUS
MonyJbHOro MHTep(eiica, Hacieaywliero kiacc AbstractFactoryUnit<T> Uid Kaxaoro
abCTpakTHOTO M31eausl T, YKa3aHHOTO B CIMCKE TUIIOB. DTa CTPYKTypa MO3BOJSIET YMEHb-
IIMTh B3aMMO3aBUCHMOCTbL KJIacCOB, MepenaBas B pasjMyHble YacTW MPWJIOXKEHUs TOJbKO
OTIEeIbHbIE MOMyIU (habpuK.

[Ia6aoH ConcreteFactory MO3BOJSIET pean3oBaTh MHTepdeiic Kiacca AbstractFac-
tory. Knacc ConcreteFactory UCMONB3YET ISl CO3daHUsI OOBEKTOB cTpaTeruto Facto-
ryunit u kiacc GenLinearHierarchy (raBa 3). B 6ubauoreke Loki mpenmycMoTpeHbl 1Be
peanuzauuu crpateruv FactoryUnit: kiacc OpNewFactoryUnit, co3maloliuii OObEKThl C
MOMOIIIbIO OfepaTopa new, U Kjacc PrototypeFactoryUnit, co3maloiuii oObeKThl ¢ TMOo-
MOILbIO KJIOHUPOBAHUS TTPOTOTHUIIOB.

9.6. KpaTtkuit 0630p knaccoB AbstractFactory
n ConcreteFactory

o OOmBsIBIEHUE KiIacca AbstractFacto ry BBITJIAOWUT CJICOYIOLIUM o6pa30M.

template
<
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class TList,

template <class> class Unit = AbstractFactoryunit
>
class AbstractFactory;

3nech Kjacc TList sIBAsSETCS CIMCKOM TUIOB, COCTOSIIMM U3 aOCTPaKTHBIX U3IEIUH,
co3naBaemMbix (abpuKoii, a ki1acc Unit — 5To 11abJIoH, ompenensonmii nHrepdeiic
KaxJoro Tuma M3 cnucka TList. Hampumep, nipuBeneHHOe HUXE BbIpaK€HUE OIpe-
neJisieT abCTpakTHY10 (padpuKy, CIIOCOOHYIO KJIOHUPOBATh OOBEKTHI KJIaccoB Soldier,
Monster u SuperMonster.

typedef AbstractFactory<TIPELIST_3(Soldier, Monster,
SuperMonster)> AbstractEnemyFactory;

e Kiacc AbstractFactoryUnit<T> ormpezaesisieT uUHTepdeic, COCTOSIIUNA M3 YUCTO
BUPTYIbHBIX (YHKIMIA, WMEIOIIMX CUTHATypy T* DoCreate(Type2Type<T>).
OO6bIyHO (YHKIMIO DoCreate He HYXHO BbI3bIBATh SIBHO. BMecTO Hee BbI3bIBaeTCS
(byHkuus AbstractFactory::Create.

e Kiacc AbstractFactory cCoaepXuT 1Ia0JIOHHYI0 (PYHKIIMIO Create, KOTOPYIO MOX-
HO KOHKPETU3UPOBATh IS JIIOOOTO U3 TUIIOB a0CTPAKTHBIX U3ICJIUM.

AbstractEnemyFactory *pFactory = ..
Soldier *pSoldier = pFactory- >Create<So1d1er>(),

o Jlng peanuzauuu nuHTepdeiica, onpeneseHHOTo KiaccoM AbstractFactory, 6udano-
Teka Loki comepuT 1mabJoHHbII Kiacc ConcreteFactory.

template

<
class AbstractFact,
template <class, class> class Factoryunit = OpNewFactoryunit,
class TList = AbstractFact::ProductList

>

class ConcreteFactory;

3nech knacc AbstractFact npeacTaBJisACT coboit KOHKPETU3AlUIO KJlacca Abstract-
Factory, moajexaluero peajiu3alniu. Knacc Facto ryunit sgBisgeTcs peanusanuvei
CTpaTeruun Factor‘yun'it , @ KJIacC TList — 3TO CIUCOK KOHKPETHBIX U3ICIUM.

e Kiacc FactoryuUnit uMeeT OOCTYII K aOCTPaKTHOMY M KOHKPETHOMY U3IEIIMSIM,
noyiexXalium co3aanuo. B 6ubiaumoreke Loki ompenenieHbl ABe crpateruu Creator:
Kiaccel OpNewFactoryUnit (pasmen 9.3) u PrototypeFactoryuUnit (pasmen 9.4).
MXx MOXHO MCITOJIb30BaTh JJIsI HACTPaMBaeMoOil peajiu3alluy cTpateruu Factoryunit.

e Kilacc OpNewFactoryUnit wucnonab3yer misl cO30aHUsI OOBEKTOB OIEpaTop new.
IIpuMeHsisi 3TOT Kjacc, HYXXHO TepenaBaThb CIKMCOK THUIIOB, COCTOSIIWI W3 TUIIOB
KOHKPETHbIX M3JeJNUil, B KauyecTBe TPEThero 111abJOHHOro MapaMeTpa kjiacca Con-

creteFactory.

typedef ConcreteFactory

<
AbstractEnemyFactory,
OpNewFactoryunit,
TYPELIST_3(Sillysoldier, SillyMonster,

SillySupermonster)
>

EasyLevelEnemyFactory;
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e Kiacc PrototypeFactoryunit XpaHUT yKa3aTeJId Ha TUIIBI aOCTPAKTHBIX U3ICIUIN 1
co37iaeT HOBbIe OOBEKTHI, BbI3bIBasI (YHKIIMIO-WIEH CTone U3 COOTBETCTBYIOLIMX MPO-
ToTMTOB. JIJIsT 3TOrO B Kilacce PrototypeFactoryUnit Ui KaXmoro abCcTpaKTHOTO
u3neaust T HY>XKHO OMNpeAeSUTh OTAEIbHYI0 BUPTYalibHYIO (DyHKUMIO Clone, BO3Bpa-
IAIOLIYIO YKa3aTeslb TUMa T* U AyOIUpYIOIIyI0 OOBEKT.

. HpI/I MCITOJIb30BAHUM KJlacca PrototypeFactor‘yUm’t B COYCTAaHUU C KJIacCoM Con-
creteFactory TpeTI/Iﬁ 11a0JJOHHBIN ApryMeHT KJlacca concreteFactory He HYXEH.

typedef ConcreteFactory

<
AbstractEnemyFactory,
PrototypeFactoryunit
>
EnemyProduct;
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10

LLIABTOH VISITOR

B 510i1 maBe ob6cyxaaroTcsi 0000LEHHbIE KOMITIOHEHTBI, UCTIONB3YIOIIME 11a0JIOH MPOEKTU-
poBaHus Visitor (Gamma et al., 1995). Bto MolHbBIN 11a0JIOH TTPOEKTUPOBAHUS, U3MEHSIO-
LIMIA 3aBUCUMOCTb MEXJTy MPOEKTHBIMU PELLIEHUSIMUA, IPUHSTBIMU MPY pa3paboTKe Kiacca.

[abnon Visitor (MHcnekTop) obecrieuynBaeT yAUBUTEIbHYIO TMOKOCTh: B MEpapXuio
KJIACCOB MOXHO N00aBJSITh BUPTYaJbHble (DYHKIIMU, HE Mpuberas K MOBTOPHON KOMIUJISI-
LIUW HU 3TUX (QYHKIUM, HU CYLIECTBYIOIIMX KIMEHTCKUX KOMoB. OgHaKo 3Ta TMOKOCTh J0C-
TUTAETCs 3a CUET OMpeAeSEHHBIX XEPTB: B UePAPXUIO Telepb HEBO3MOXHO J100aBUTh HOBBIM
TepMUHaIbHbBIN Kiacc (leaf class), He MOBTOPMB KOMITWJISILIMIO BCEW MEpPApXvMU U €€ KIIMEH-
ToB. CienoBaresbHO, 00JAcCTh MPUMEHEHUs 11abioHa Visitor orpaHMuYMBaeTCsl TOJBKO
OYeHb YCTOMUMBBIMU MEpapXvsiMM (B KOTOPbIE PEIKO JAO0ABJSIOTCS HOBBIE KJIACCHI) U TPO-
rpaMMaMM, B KOTOPbIE YACTO MPUXOAUTCSI 10OABJISATh HOBbIE BUPTYaJIbHbIe (DYHKIIUU.

[labnoH Visitor TNMpOTMBOPEYUT TMPOTPAMMUCTCKON WHTyuIMU. ClieqoBaTesIbHO, ISt
€ro YCIMEUIHOro MPUMMEHEHUsI HYXHbI TIIATeJbHasl peaausalus W cTporas IMCLUUIUIMHA. B
IJIaBe OIMChIBAeTCs 0000IeHHas peanu3anusl 1madjsioHa Visitor, ocTapisioliasl MpuKiai-
HOMY MPOTPaMMUCTY OYE€Hb MO pabOThI.

B rnaBe obcyxnaroTcs chaeayrouye TeMbl.

e [IpuHuuMn paboThl mabsoHa Visitor.

e Korma crienyer mpuMeHsITh 11a0JOH Visitor u, 4YTO He MeHee BaXHO, KOrjga ero
MPYMEHSITh HE CIIeayeT.

o bazoBas peanuzanus nHcnekropa (nmpemioxeHHas rpynnoit GoF).
o Kak ycTpaHUTbh HEKOTOpPbIE HEOOCTaTKM 0a30BOil peanm3aluu 1abdjoHa Visitor.

e Kak peanusoBarh pelleHUsI, Kacarolldecsl peaju3aluu IabnoHa Visitor, B Buie
OMOINOTEKN.

e MoiHble 00001IeHHEIS KOMITIOHCHTHI, obJeryaronue pfain3alinio UHCIICKTOPOB.

10.1. OcHoBbI LLaOGnoHa Visitor

PaccMoTprM repapxuio Ki1accoB, KOTOPYIO MBI XOTUM HaleJIWTh HOBBIMU (DYHKIIMOHAJb-
HBIMU BO3MOXKHOCTSIMU. [IJis1 3TOr0 B Hee MOXHO N00aBJSITh JMOO HOBbIE KJIacChl, IUOO HO-
BbIC BUPTYaIbHbIC (DYHKIIUU-YJICHBI.

[006aBUTh HOBBIE KJacChl JierKo. MOXHO MPUMEHUTh MEXaHU3M HacjleAOBaHUsl K Tep-
MUHAJIBHOMY KJIacCy M peaJn30BaTh HEOOXOOWMBIC BUPTYaldbHble (DYHKIMU. IS 3TOro He
HY>XHO M3MEHSITb WJIM KOMMWIMPOBaTh BHOBb CYLIECTBYIOIIME Kiacchl. X Koabl ocTaloTcs
HEM3MEHHBIMU U TOTOBBI K TTOBTOPHOMY MCITOJIb30BAHUIO.



B mpoTrBOMOMOXHOCTL 3TOMY, 100AaBUTh HOBYIO BUPTYalibHYIO (YHKUMIO TpyaHO. st
TOTO YTOOBI MOJIUMOP(MHHO MaHUMYJIUPOBATh OObEKTaAMU (C MOMOIIBIO yKa3zareaeil Ha 00beK-
Thl 6230BOTO KJlacca), BUPTYaIbHYIO (DYHKIMIO-UJIEH HYXXHO J100aBUTh HE TOJHKO B 0a30BbIi
KJIacc, HO M, BO3MOXHO, BO MHOTHE APYTUe KJIacChl, BXOASIIME B MepapXuio. DTO — OCHOB-
Has onepauusi. OHa MoaudUUUpyeT 6a30BbIN KIacc, OT KOTOPOrO 3aBUCUT BCSI MEpapxusl U
ee KJIIMEeHThI. B pesynbrate Bce MpUaETCs MOBTOPHO KOMITUIMPOBATD.

Kopoue roBopsi, ¢ TOUKM 3peHUsT 3aBUCUMOCTEN MEXIY KJlaccaMu HOBbIE KJIacChl 100aB-
JISITh JIETKO, @ HOBbIE BUPTYaJIbHbIE QDYHKIMU-UYJIEHBI — TPYIHO.

OpHako JOMYyCTHMM, YTO Y HAac €CTh Mepapxusi, B KOTOPYIO PEIKO MO00AaBISIOTCS HOBBIE
KJIaCChl U B TO K€ BPEMsl 4acTO JA0OABJSIIOTCS HOBbIE BUPTYyalbHble (DYHKIIMU-WIeHbl. B 3TOM
CUTYyallMM BO3MOXHOCTb JIETKO J00AaBJSATh HOBBIE KJIACCHI TMPEACTABISET COOON HEHYXHOe
MpeuMyI1lecTBO. BOT TyT-TO M mpuroaurtcs 1abiaoH Visitor. DTOT 11abJoH NpeaocTaBisieT
MPOrPaMMUCTy UMEHHO Ty (DYHKIIMOHAJIbHYI0 BO3MOXHOCTb, B KOTOPOW OH B JaHHBI MO-
MEHT HYXX/AeTcsl, TMO3BOJIsISI JIETKO BCTABJSATb B MEPApXMI0 HOBbIE BUPTYaibHble (DYHKIMU-
YJIeHbI, OJHOBPEMEHHO 3aTPyJdHSs BCTaBKY HOBBIX KJIACCOB. 3a 3TO TPUJIETCS 3arulaTUTh
BCEro-HaBCEero JIMIIHUM BUPTYaJIbHBIM BbI30BOM.

[labnoH Visitor Jjyuine BCero MpOSIBJISIET CBOM BO3MOXHOCTH, KOTJa OINepalnuu Ha
00BEKTaMM He CBsSI3aHbl Mexay coboit. [Tapangurma “coctosiHue W ornepauuu’” isi Kaxaoro
Kjlacca CTaHOBUTCSI HE COBCEM YMECTHOW. B nmaHHOW cuTyauuu Jjydiie MpUIepXKUBaThCS
MIPUHIIUIIA omdesenuss TUTIOB OT orepauuii. IMeeT cMbIC XpaHUTh pa3Hble peaiu3alvu oj-
HOI1 orepaiiuyi BMeCTe, a He pacrpeesisiTh UX M0 Uepapxuu KJiacCoB

HoryctM, 4To Mbl pa3pabaTbiBaeM TEKCTOBBIN pelakTop. DJeMEeHTbl TOKYMEHTa, TakKue Kak
ab3ailpl ¥ rpaduyeckue U300paKeHUs], TPENCTARISIIOTCS B BUIIE KJ1aCCOB, MPOM3BOAHBIX OT OfI-
HoOro 6a30Boro Kjiacca, ckaxeM, DocElement. JJOKyMEHT — 3TO CTPYKTYpPUPOBAHHbIN HAbOp yKa-
3atesiell Ha oObEeKThl Kilacca DocElement. [IporpaMMUCTy Hy:KHA BO3MOXHOCTb MEpEMEILaThCs
10 3TOM CTPYKTYPEe M BBITIOJHSTH OIEpalivu, HarpruMep, MpoBepKy opdorpaduu, nepedopmartu-
pOBaHME U BBIYMCIIEHUE CTAaTUCTMUECKMX Tokasateseil. B uaeane cieaoBano Obl peaM30BbIBATH
3T Ofepalvu, 100aBUB HOBbIN Kom 0e3 MoauGuKalMKM CyILECTBYIOIEH MporpaMmbl. bosee To-
ro, porpaMmy ObLJIO ObI JIErye COMPOBOXIATh, €C/IM Obl BECh KOM, CBSI3aHHBIM, CKaXXeM, C Bbl-
YUCJIEHWEM CTaTUCTUYECKUX MOKa3aTesieil, XpaHUICS B OTHOM MecCTe.

K cratuctuyeckum mokasatesisiM MOTYT OTHOCUTBCSI 00lliee KOJMYECTBO CHMBOJIOB, 3Ha-
yalMx CUMBOJIOB, CJIOB U PUCYHKOB. Bce 3T0O ecTecTBEHHBIM 00pa3oM MOXHO NMOMECTUTh B
Kjacc DocStats.

class DocStats

{
unsigned int,
chars_,
nonBlankChars_,
words_,
images_;
public:
void Addchars(unsigned int charsToAdd)
{

chars_ += charsToAdd;

}
knaccol Addwords, AddImages u ap. onpejensoTca TakK xe
// CTaTucTuka oTobpaxaeTcs B AMA/IOrOBOM OKHe
void Display(Q);
};
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Hcnonb3yst Kimaccmyecknii 00bEeKTHO-OPMEHTUPOBAHHBIN ITOAXON K COOpY CTaTHUCTUKMH,
MOXHO ONpeIeInuTh B Kjlacce DoCETlement COOTBETCTBYIOLLIYIO BUPTYalIbHYIO (DYHKIIUIO.
class DocElement

{

// 3Ta QyHKUMA-4YneH npeaHa3HayeHa Ana cbopa CTATUCTUKMK

virtual void UpdateStats(DocStats& statistics) = 0;

1

B sToM ciyyae Kaxmblii KOHKPETHBIA 3JIEMEHT OOKYMEHTA MOXET OIIPENeisITh 3Ty
(¢yukiuio nmo-ceoemy. Hampumep, kinacchl Paragraph u RasterBitmap, NMpou3BOAHBIC OT
KJacca DocElement, MOTYT peaan30BBIBaTh (PYHKIMIO UpdateStats ciemyiommM oopa3oMm.

void Paragraph::UpdateStats(DocStats& statistics)

statistics.AddChars(koauuecmeo cumeonoe é abzaue) ;

statistics.Addwords (kKoauuecmeo cao6 6 abzaue) ;
}

void RasterBitmap::UpdateStats(DocStats& statistics)

{

// 3TOT KNnacc yyuTbiBaeT TOJIbKO PUCYHKU W Bonblie HUYero
// (cvMBOMBI U ApYyrue 3NeMeHTbl UMHOPUPYHTCH)
statistics.AddImages(1);

}

B utore yHKLMSI, ynpaBisiioliasi COOpoM CTaTUCTUYECKUX JTaHHBIX, MOXET BBHIMISIACTh TakK.
void Document::DisplayStatistics()

DocStats statistics;

for (Kaxcobiil anemeHm 0OKyMeHma)
{
anemeHm->UpdateStats(statistics);

}
statistics.Display(Q);

3
DTO OYeHb Xopouiada peajm3anusia BO3MOXHOCTEW 10 C60py CTaTUCTUKU, OJHAKO Yy HEC
€CTb pAl HEAOCTATKOB.

e Omna TpeOyer, yTOOBI Kj1acC DocElement M TNPOM3BOIHBIE OT HETO KJACChl MMEIHU
IOCTYyIl K ompenesieHnio GpyHKumu DocStats. CiemoBaTelbHO, MPU KaXKIOil MOMIM-
¢ukanuu Kinacca DocStats npuaeTCs KOMIMJIMPOBATh 3aHOBO BCIO MEpapXuio Kjiacca
DocETlement.

o dakTruecKMe OIepalru Mo COOPY CTATUCTUKM PACCESHBI 10 Pa3HBIM Peaar3aliusIiM
dynkmm UpdateStats. [1pu omiamke WM paciiMpeHUN BO3MOXHOCTEM, CBSI3aHHBIX
€O COOPOM CTaTUCTUKM, IIPUAETCS MCKATh ¥ PEAAKTUPOBATh HECKOJIBKO (haiIoB.

e Peanuzanus He MaciITabupyeTcs Mo Mepe A00aBJeHUsI HOBBIX OIepaluii, aHaJIOTU4-
HBIX COOpY CTaTUCTMKU. JIJIsi TOro 4toObl JOOAaBUTH OIEpalvio “YBEJIUYUTH pa3Mep
mprudTa Ha OAWH MYHKT”, MOHAAO0UTCS 100aBUTH B KjiacCc DOCElement HOBYIO BUP-
TyaJbHY10 (DYHKIIMIO, MTPEOJI0JIeBasl BCe CBSI3AHHbIE C 3TUM TPYAHOCTH.

OpnHako CBsA3b, CYLICCTBYIOIIYIO MEXKIY KjacCaMU DocElement u DocStats, MOXHO pa3o-
pBarTb, €CIU MEPEMECTUTDh BCE OIEpallMv BHYTPb Kjlacca DocStats M IMO3BOJIUTb EMY CaMOMY OIl-
pPeaCIATh, KaKyro OIepaluio BBIIIOJIHATL I TOrO WMJIM MHOIO THIIA. ,Zl.]'[;[ 9TOIo0 HY>KHO, YTOOBI B
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kyacce DocStats cyiectBoBaia (pyHKuusi-wieH void UpdateStats(DocElement&). Toraa mo-
KYMEHT TIPOCTO ITpoCMaTpuvBai Obl CBOM 3JIEMEHTBHI U BbI3bIBAJ Ul KaXKIOrO M3 HUX (DYHKIIUIO
UpdateStats.

D10 pellleHUe cpa3y CKphIBaeT Kjiacc DocStats or kiacca DocElement. OmgHako Ternepb
Kj1acc DocStats 3aBUCUT OT KaXJI0ro KOHKPEeTHOTro o0bekTa Kiacca DoCcElement, KOTOPBIi
HeoOxomuMo oOpabotath. Eciau uepapxusi 00bEeKTOB 0oJjiee IOCTOSIHHA, Y€M MHOXECTBO
orepaunuii, 3Ta 3aBUCUMOCTh HMKOMY He MelnaeT. Termephb IpobjieMa 3aKIiouaeTcsl B TOM,
YTO peanm3alms Kjaacca UpdateStats JAo/KHA MCHOJIb30BaTh TaK HA3bIBAEMOE HepeKaoueHue
munoe (type switch). DTo mepexioyeHUe BO3HMKAET TPU OOpAllEeHUU K TOJIMMOPHHOMY
O00BEKTY IO ero KOHKPETHOMY THMITy M BBINOJHEHUW pa3HbIX OINepaluii B 3aBUCUMOCTU OT
atoro tumna. @yHKIMs DocStats: :UpdateStats cBs3aHa ¢ 3TUM TIEPEKITIOUCHUEM THUIIOB.

void DocStats::UpdateStats(DocElement& elem)
if (Paragraph* p = dynamic_cast<Paragraph*>(&elem))

chars_ += p->NumChars();
words_ += p->Numwords();

else if (dynamic_cast<RasterBitmap*>(&elem))
++images_;

else

dobasnsem no o0Homy onepamopy if 04 Kanwcooeo0 MuUna UHCNEKMUPYemo20 00seKma
}

(Onpenenenune ykasaTeliss p BHYTpM oreparopa if BIOJIHE 3aKOHHO, MOCKOJBKY 3TO Majo
M3BECTHOE CBOMCTBO si3bika C++. [lepeMeHHYI0 MOXHO OINpEAessiTh U MPOBEPSITh HEMO-
CPEeICTBEHHO BHYTpM orepatopa if. O6iacTh BUAMMOCTH 3TOM TMEepeMEHHON OrpaHWYeHa
oneparopoM if u ero yacteio else. HecMOTpst Ha TO UTO 3Ta BOZMOXHOCTb HE TMpPeNCTaBIIsI-
€TCSl HaM CYILIECTBEHHOW, M CO3JaBaTh OCTPOYMHBIE KOIBI B KaueCTBE CaMOILIEJM HE PEeKO-
MEHJIyeTcsl, OTMETUM, YTO OHa MpeJHa3HaueHa UMEHHO Ul TePeKIIoUYeHUs] TUMOB, TaK IMOo-
yeMy Obl HE BOCTIOJIb30BaThCS 3TUM?)

Korma mporpaMMUCT BUIMT YTO-TO MOAOOHOE, y HErO B IOJIOBE JAOJKEH cpasy Xe cpabo-
TaTh MpeAOXpaHUTeNb. [lepekiTioueHre TUTIOB He Bcerna XejaTeabHo. (B mmaBe 8 mpuBonut-
Cs JeTajJibHasl apryMeHTalusi 3TOro yTBepxaeHus.) Kom, ocCHOBaHHBIN Ha MepeKIIoYeHUU
TUTIOB, TPYAHO TOHWUMATb, PACIIMPATh U COMPOBOXAaTh. OH He 3alllMINEH OT CIyYaiHbIX
ommbok. Hampumep, 4To mpou3oiiner, eciu MOCTaBUTh BBI3OB onepartopa dynamic_cast
JUTst 6a30BOTO KJlacca Tepel BBI30BOM orepaTtopa dynamic_cast ajist Mpou3BOIHOTO Kiacca?
Bo BpeMs mepBoii MpoBepKU OYAyT COMOCTaBISITLCSI MPOU3BOAHBIE KIACChl, TOATOMY BTOpast
MpoBepKa HUKOTIa He OyaeT BbIMosHeHa. OmHa U3 leseit moruMopdu3Ma — usbexarh Te-
PEKITIOYCHUSI TUTIOB U CBSI3aHHBIX C HUM IPOOJIEM.

ITocMoTpUM, B KakuMx CUTyalMsIX MOXET OKa3aTbCs MOJE3HbIM 1Ia0jaoH Visitor. [o-
MyCTUM, HaM HYXXHO, YTOOBbI HOBBIE (DYHKIIMW PabOTaIu BUPTYaJbHO, HO MBI HE XOTUM BBO-
JITb HOBbIE BUPTyaJibHbIE (DYHKIIMU ISl KaXA0i ornepauuu. st 3TOro Hy>HO peaju3oBaTh
nepexaruarwyr supmyaivHyro yukyuro (bouncing virtual function), eIMHCTBEHHYIO BO BCeit
repapxuu Kiacca DocElement. Drta ¢byHKUUs OyaeT “mepecbuiaTh” 3alaHue B APYIYIO He-
papxuto. Mepapxuss DocElement Ha3bIBaeTCsl uncnekmupyemoi (visited), a omepauuu npu-
HaJJIeXXaT HOBOW MepapXuu uHcnexkmopa (Visitor).

Kaxnast peanusanus rmepekitovaronieil BUpTyaIbHOM (DYHKIIMU BBI3BIBACT Opyeyio (PyHK-
LIMI0O B Me€papXuu MHcIekTopa. Tak BbIOMpAlOTCSl MHCIEKTUpyemble TUIbl. DyHKIIMKU B Ue-

258 YacTb Il. KOMNOHEHTHI



papXyMu MHCIIEKTOpPA, BbI3bIBAEMbIE TepPEKIIIovatolieil QyHKIIMEN, SIBISIIOTCS BUPTYyaTbHBIMU.
Tak BbIOMparTCs onepaluu.

DTy ue0 WUIIOCTPUPYET TIPUBEACHHbBIN HUXE (PparMeHT Koaa. Bo-miepBbIx, Mbl ornpee-
JIsieM aOCTpakTHBINM Kjacc DocElementVisitor, B KOTOPOM OIpeNe/saeTcs omnepauus s
KaXII0oro TUIa 00beKTOB B MepapXxuu kiacca DocElement.

class DocElementVvisitor

public:

virtual void visitParagraph(Paragraph&) = 0;
virtual void VvisitRasterBitmap(RasterBirmap&) = 0;
... Apyrve nopobHole QyHKUUK

};

3aTeM B MepapxMio Kiacca DocElement mgoGaBisieTcsl epekitoyaoliasi BUpTyaibHas (QyHK-
Usl TIOJ Ha3BaHMEM Accept, mosydaroliasi mapameTrp DocElementVisitor& u BbI3bIBalO-
11asl COOTBETCTBYIONLYIO (PYHKIIMIO VisitXxx.

class DocElement

{ .
public:
virtual void Accept(DocElementVvisitor&) = 0;
1
void Paragraph::Accept(DocElementvisitor& v)
{
v.VisitParagraph(*this);
1
void RasterBitmap::Accept(DocElementvisitor& v)
{
v.VisitRasterBitmap(*this);
1

A BoT 1 (pyHKIMA DocStats Bo Bcell cBoell Kpace.
class DocStats : public DocElementVvisitor

t
public:
virtual void visitParagraph(Paragraph& par)
{
chars_ += par.NumcChars();
words_ += par.Numwords();

}
virtual void VvisitRasterBirmap(RasterBirmap&)
{
++images_;
};

(PazymeeTtcsi, peajibHYI0 peanu3aluio 3Toi (YHKUMU CIEAyeT MOMECTUTb B CaMOCTOSITENb-
HbII (haiisl, OTIEIUB ee OT OMpeleeHUs Kiacca.)

OTOT HEOOJbIIONW MPUMEP WUIIOCTPUPYET HENOCTaTOK 1absoHa Visitor: BUpTyalbHas
(yHkuusi-wieH Ha camoMm jene He nobOarnsieTcs. Hacrosinue BupTyasibHble (DYyHKIIMM UMEIOT
TMOJTHBIN JOCTYI K KaKIOMY OOBEKTY, JIIsl KOTOPOrO OHU OMpe/esieHbl, B TO BpeMsl KakK U3 (hyHK-
mu VisitorParagraph MOXHO MOJXYYUTh AOCTYII JIMIIb K OTKPBITON YacTh Kitacca Paragraph.
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Vnpasnstomas yHkuusi Document: :DisplayStatistics co3maer 00beKT Kiacca Doc-
Stats W BbI3bIBaeT (DYHKIMIO Accept ISl Kakaoro o0bekTa Kiacca DocElement, mepeaa-
Bag ero Kauectse rnapaMerpa. [TockoiabKy o0BEKT kiacca DocStats MHCIEKTUPYET pasHble
KOHKpPETHbIE OOBEKTHI Kjlacca DocElement, OH OTJIMYHO COOMpPAET BCE JAHHBIE, U MEPEKITIO-
YeHUE TUIIOB COBCEM HE HYXXHO.

void Document: :DisplayStatistics()

DocStats statistics;
for (Kaxcobili snemenm OOKYyMeHmMa)
{

anemenm->Accept(statistics);

}
statistics.Display();

}

[IpoaHanu3upyeM BO3HUKAIOIIMNA KOHTEKCT. MBI CO3aIM HOBYIO ME€papXUIo, KOPHEM
KOTOpO# sBjsieTcsl Kiaacc DocElementVisitor. OTo uepapxus onepayuii (hierarchy of
operations). Kaxablii kiacc, BXOAsSUIIMIl B Hee, Ha caMOM Jejie MpeAcTaBiseT co0oi
omepanuio, HampuMmep DocStats. Temepr mo0aBIsAITH HOBBIE OIlepallMd COBCEM HE-
CJIOXHO. JIJ1s1 3TOro HYXXHO JIMIIb CO3JaTh HOBBIA KJjacc, MPOM3BOAHBIN OT KJjacca Do-
cElementVvisitor. Hu ogmH sjeMeHT Mepapxuu Kijacca DocElement miIs 3TOTo Me-
HSATbh HE TpeOyeTcsl.

Hanpumep, mobaBuM OmHY omepaluio, cKaxeM, IncrementFontSize, CBI3aHHYIO C IO-
psAdeil KiaBuIlIei, TMpelHa3HAYEHHON IS yBeJIMYEHMSI pa3Mepa LipudTa Ha OAWUH IYHKT,
WM COOTBETCTBYIOIIEU KHOIKOIA.

class IncrementFontSize : public DocElementVvisitor
{
public:

virtual void visitParagraph(Paragraph& par)

{

}

virtual void VvisitRasterBitmap(RasterBitmap&)

par.SetFontSize(par.GetFontSize() + 1);

// Huyero He penaem

};

Bor m Bce. He HyXHO BHOCUTbL HUKAaKuMX U3MEHEHMH HM B Uepapxuio Kjacca
DocElement, HM B JApyrue omepanuu. Bwl mpocTto mobaBisieTe HOBBIM Kiacc. DYHKITUS
DocElement: :Accept mepedbupaeT Bce 00BEKThI Kjiacca IncrementFontSize coBeplleH-
HO TaK ke, KaK 00beKTHI Kjlacca DocStats. [MomyuyeHHas B pe3ybTaTe CTPYKTypa KJIacCOB
npenacrasieHa Ha puc. 10.1.

HamomHuM, 9TO MO yMOJYaHWIO HOBBIM KJIACC JIETKO HO0OABUTh, a BUPTYaIbHYIO (DYHK-
LMI0-WIeH — HeT. Mbl mpeoOpa3oBaiu Kjaacchl B (DYHKIMU C MOMOIIbIO Mepexoaa OT ue-
papxuu Kiacca DocElement K Mepapxuu Kiacca DocElementVisitor. Takum oGpaszom,
KJIaCChI, TPOM3BOAHBIC OT Kilacca DocElementVisitor, MpeACTaBIsIOT CO0OM GontoujeHHble
¢yukuyuu (objectified functions). Tak paboTaeT 11a6GJIOH NMpoeKTUpOBaHUs Visitor.
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DocElement

+Accept(visitor : DocElementVisitor&)

]

Paragraph RasterBitmap

Accept(vis : DocElementVisitor&) Accept(visitor : DocElementVisitor&)

DocElementVisitor

VisitParagraph(par : Paragraph&)
VisitRasterBitmap(bmp : RasterBitmap&)

DocStats IncrementFontSize

Puc. 10.1. Hepapxus kaaccoe 015 uepvl ¢ 08yMs YPOSHAMU CAONCHOCMU

10.2. Neperpy3ka n GyHKUUS-IOBYLLKA

VYnpasneHnue neperpy3koit ¢hyHKIui B s3bike C++ oka3biBaeT OueHb OOJIbIIIOE BIMSIHUE
Ha pealu3alivio MPOEKTOB HAa OCHOBE 1IabyioHa Visitor, XoTs Il caMoro 1abioHa rnepe-
rpy3ka yHKUMI 3HAYeHUS] HE UMEeT.

B xiacce DocElementVisitor KaXIoMy MHCIIEKTUPYEMOMY THITy COOTBETCTBYET OTAEIbHAs
(ynkuus-unen: visitParagraph(Paragraph&), visitRasterBitmap(RasterBitmap&) u T.A.
OTU GYHKUMU SIBHO M3OLITOYHBI. Kpome Toro, MMsi MHCIEKTUPYEMOTO THUIIA SIBJISIETCSl YacThbiO
caMoit (hyHKIIMH.

Kak mnpaBusio, M30BITOYHOCTH Jiydlne u3berath. g 3TOro ciaemyer NMPUMEHSITb Tepe-
rpy3ky GyHkuuid. Mbl pocTo Ha3oBeM Bce (DYHKLMM OIHUM MMEHeM Visit u mpegocra-
BUM KOMIUWJISITOPY peullaTh, KaKylo MeperpyxkeHHyo GyHKIMo Visit BbI3bIBaTh IS Mepe-
JlaBaeMOTO TapamMeTpa 3aJaHHOro TuMa. AJIbTEpHATUBOE OlpeaeieHne kiaacca DocEle-
mentVisitor BBINISIAUT CIAEAYIOLIMM O0pa3oM.

class DocElementvisitor

public:

virtual void visit(Paragraph&) = 0;

virtual void visit(RasterBitmap&) = 0;
apyrve nofobHole QyHKUUK
1
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Terepb MOXHO MPOIIE OMPEAETUTh (DYHKIIMU-YJICHBI ACCept, MOCKOJIbKY WX MOBEACHUE
CTAaHOBUTCSI €NMHOOOPA3HBIM.

void Paragraph::Accept(DocElementvisitor& v)

{
v.Visit(*this);
1
void RasterBitmap::Accept(DocElementvisitor& v)
{
v.Visit(*this);
1

OHU BBIMISIAST HACTOIBKO OJAMHAKOBBIMM, YTO MOXET BO3HUKHYTh COOJIa3H TMEPEHECTU UX B
0a3oBblii Ki1acc DocElement. DTto ObUIO ObI omMOKoi. Ha camom pdeiie 3TO COBEplIEHHO
pasuble ¢pyHkuuu. [lapamerp *this B ¢yHKMM Paragraph::Accept uMeeT CTaTUYECKUIA
TAN Paragraph&, a B pyHKiMM RasterBitmap: :Accept — Tum RasterBitmap& KMMeHHO
5TU CTAaTUYECKWE TUIbl MOMOTAIOT KOMITWISTOPY MPAaBUJIBHO OIpPEAEIsSiTh, KaKyl0 M3 Iepe-
Ipy>XeHHbIX (yHKIMI DocETementVvisitor: :Visit cienyer Boi3biBaTh. Ecnu Obl yHKIIMS
Accept ObLIa peajqu3oBaHa B Kjacce DocElement, mapameTp *this umen Obl CTaTUYECKMIA
TN DocElement&, KOTOpbIA HE MOXET MPEIOCTaBUTh KOMIMUJISITOPY BCIO HEOOXOOUMYIO
nHbopmanmio. TakuM obpazoM, dakTopuzalmsi KJIacCoB HE JOKHA ObIThb MPOW3BOJBHOM.
HenpaBuibHas (hakTopu3zaiiuss MOXET MPUBECTU NPOrPaMMYy B HETOIHOCTb.

ITeperpyska (yHKUMII MOpoXIaeT MHTEPECHYIO Uaek. JomycTiM, 4To BCe KJacchl, Mpo-
MU3BOJHBIE OT Kjiacca DocElement, peanu3yloT GyHKIUIO Accept, MPOCTO TMepeaapecoBbIBast
BbI30OB (pyHKIIMM DoCElementvisitor::Vvisit. Torma B ki1acce DocETement MOXHO OIpe-
JIEJTUTh CJIEAYIONIYIO TIeperpykeHHyo QyHKIMo-10BylIKy (catch-all overload).

class DocElementVvisitor

public:
Kak u npexje ...
virtual void Vvisit(DocElement&) = 0;

;

Korma Gynmer BBI3BIBaThCS 3Ta MeperpyxeHHast GyHKiuss? Eciu HOBBIN Kiacc SIBISICTCS
HETOCPENCTBEHHBIM HaCJIeIHUKOM Kjacca DocElement M B Kiacce DocElementVisitor
JUTST HETO HET MOAXOMISIIEeH MeperpyKeHHOoW (GYHKIMU Visit, TO BCTYMAlOT B CHIY TpaBuia
Meperpy3Kd M aBTOMaTMUECKOTo TPeoOpa3oBaHUs TTPOU3BOMHBIX TUTIOB B 6a3oBbie. CchlTKa
Ha 0OBEKT HEM3BECTHOTO KJlacca aBTOMATHMYECKM KOHBEPTHUPYETCS B CCBUIKY Ha OOBEKT Oa-
30BOTO Kjlacca DocElement, W BbI3bIBaeTCS (DYHKIMSI-TOBYIIKA. Ecim Takoil (hyHKIIMU HET,
BO3HMKAET OIMMOKa KoMIMWIsTivK. I1pemycMarpuBath GYyHKIIMIO-JIOBYIIKY WJIM HET, 3aBHCHT
OT KOHKDPETHOM CUTYalLlH.

B neperpyxeHHOH (YHKUMU-JOBYIIKE MOXHO BBITIOJHUTb MHOIO TOJIE3HON PabOThI.
IMpumepsl nipeacrabieHsl B paborax Biuccupeca (Vlissides, 1998, 1999). B takoit ¢pyHKIUM
MOXHO BBITIOJIHSITh TTPOU3BOJIbHBIE AEMCTBUSI BeCbMa 00OOIIEHHOIO XapakTepa Wu Npuoer-
HYTb B TIEPEKITIOYEHUIO TUIOB (MCTOJbL3ys orepaTop dynamic_cast), 4ToObI pacrio3HaTh
akTryeckuii TMN Mmapamerpa DocElement.

10.3. YTOo4HeHue peanusauumn: wabnoH Acyclic Visitor

HTtak, Bbl peliwaM NMpUMEHMTH 11abjgoH Visitor. Bac mHTepecyeT, KaKk 3TO caeaaTh B
peajbHOM TpoeKTe?
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AHau3 3aBUCHUMOCTE MEXAY KiaacCaMu B MPEAbIAYLHIEM MPUMEPE ITPUBOIUT HAC K CJIC-
AYIOLIM BbIBOJaM.

e Jlns TOro 4ToOBl CKOMITUIMPOBATH OMNpeneeHre Kiaacca DocElement, HEOOXOAMMO
3HaTh O CYIIECTBOBaHUM Kjiacca DocElementVisitor, MOCKOIbKY OH YIIOMUHAETCS B
curHatype GyHKIMK-4ieHa DocElement: :Accept. [l 3TOro mOCTaToOYyHO clejiaTh
HemoyiHoe oObsiBiieHue Kiacca (forward declaration).

e Jl;ms1 TOoro 4ToOB CKOMIMJIMPOBATH OMpeaesieHne Kiacca DocElementVisitor, HEOO-
XOIMMO 3HaTh O CYILIECTBOBAHMMU 6ceX KOHKPETHBIX KJIACCOB, BXOSILIMX B UEPAPXUIO
Kjnacca DocElement, IOCKOJBKY MMEHA 3THX KJIACCOB BCTPEYalOTCS B (DYHKIIUSIX-
YyjaeHax VisitXxx Kiacca DocElementvisitor.

Takoii ™M 3aBUCUMOCTU HasbiBaeTcst yuxauueckum (cyclic dependency). Lluknuuyeckue
3aBMCUMOCTH CO3JIAIOT XOPOIIIO M3BeCTHBIE TpyaHOCTH. [ Kiacca DocElement HeoOXomuM
Kji1acc DocElementVvisitor, a ki1accy DocElementVisitor HyXHBI BCe KJIacChl M3 Hepap-
XMM Kiacca DocElement. CiemoBaTelIbHO, KiacC DOCElement 3aBUCHUT OT BCEX CBOMX ITOJI-
KiaccoB. PakTUUECKU 3[eCh TPOSIBISIETCS yuKkAuveckas 3agucumocms no umeru (cyclic name
dependency), T.e. 1T KOMITWJISIIMU OTpEAEICHUM KJIACCOB HYXXHBI JIMIIb UX umeHa. Takum
00pa3oM, KJiacchl CIAEAYeT pa3aeuTb Mo (aiiaam.

// ®anmn DocElementvisitor.h

class DocElement;

class Paragraph;

class RasterBitmap;
HenosHble 0b6bABIEHUA BCeX MOAKIACCOB kjacca DocElement

class DocElementVisitor

{
virtual void visitParagraph(Paragraph&) = 0;
virtual void visitRasterBitmap(RasterBitmap&) = 0;
Apyrue nopobHbie ¢yHKUUK
};

// ®amn DocElement.h
class DocElementvisitor;

class DocElement

public:
virtual void Accept(DocElementVvisitor&) = 0;

b

Bosiee Toro, mis Kaxaol OgHOCTPOYHON peann3aiiuyd QyHKIMU Accept HEOOXOAMMO 3HATh
omnpeneseHue kiacca DocElementVisitor, a KaxIblii KOHKPETHbIA WHCIEKTOP AOJKEH
OBITh BHEJIPEH B KJIacC, KOTOPbI OH JOJKEH MHCIEKTUpOBaTh. Bce 3TO mopoxmaeT Bechbma
3aMyTAaHHYIO CXEMY B3aMMO3aBUCUMOCTE.

[loGaBieHre HOBBIX MOAKJIACCOB Kilacca DOCElement CTaHOBUTCS kpatiHe cloxHbIM. Ho Benb
Mbl U HE COOMpaIMCh A00ABISITH B UEPApXMIO Kilacca DOCElement HMKaKuUX HOBBIX 3JIEMEHTOB!
[Ia6noH Visitor npemHa3HayeH MpeXae BCETo ISl YCTOMYMBBIX ME€papXuii, B KOTOpbIe J00aB-
JISIIOTCS JIMUIb OTepaluu, a He HoBble Kiacchl. CTOUT HAMIOMHUTb, YTO 1a0JIOH Visitor mo3Bo-
JISIET 3TO CeJaTh 3a CUET YCIIOXKHEHUS TIPOLEAYPhl T0OaBIEHMsT HOBBIX TTPOM3BOMHBIX KJIACCOB B
MHCIIEKTUPYEMYIO MepapXxuio (B HallleM MpUMepe — B UepapXUio Kiacca DocElement).

OnHako XM3Hb — CJIOXHas 1TykKa. B peaibHOM Mupe yCTOMYMBBIX Mepapxuii BoOOIIe
He ObiBaeT. Korma-HuOynb BaM noHadobumcs NOOABUTH HOBBIM KJAacC B MepapxXMIo Kjacca
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DocElement. B mpenpiayiieM mpuMepe IJIs 3TOrO MPUAETCS O00aBUTh HOBBIM KilacC Vec-
torGraphic, mpon3BomHbII OT Kiacca DocElement. CieayiiTe HAIIMM YKa3aHHSIM.

e Ortkpoiite ¢aitn DocElementVisitor.h u nob6aBbTe HOBOE HEMOJIHOE OOBSIBICHUE
KJlacca VectorGraphic.

e Bximounte B K1acc DocETement HOBYIO YMCTO BUPTYAIBHYIO HEPErpyKeHHYIO (DYHKIIMIO.
class DocElementvisitor

{
Kak u npexae
virtual void VvisitvectorGraphic(vectorGraphic&) = 0;

;

e Peanu3yiiTe B KaX/I0M KOHKPETHOM HMHCIEeKTope (PyHKIMIO VisitVectorGraphic. DOra
(yHK1IMS MOXET ObITh MyCcTOi. B KauecTBe albTepHATUBBI YMCTO BUPTYAJIbHON (DYHKIIMU
MOXHO OIpeae/uTh MycTylo (GyHKIMIO DocElementvisitor::VisitvectorGraphic,
O[IHaKO B 3TOM CJIyyae KOMIIWJISITOP HE COOOLUMT HUYErO, €CJIM Bbl 3a0yAeTe pean30BaTh
€€ B KOHKPETHbIX MHCIIEKTOpaX.

e Peanmuzyiite dyHKuMIO Accept B kiacce VectorGraphic. Cderatime 3mo 0653amensHo.
Ecnu, npuMeHsisi ipsiMoe HacjieoBaHKWEe OT Kjacca DocElement, Bbl 3a0ydeTe peain3o-
BaTh (DYHKIMIO ACCept, HUYEro CTPAILIHOTO HE MPOM30MIET — BbI MOJTyYUTE COODIIEHUE
00 ommbke kKomnusgumu. OMHAKO, €CIU Bbl BBITIOJIHUTE HACIEIOBAHME OT APYroro Kijac-
ca, Harpumep, Kiiacca Graphic, B KoTopoM orpeaeneHa GyHKIMsS Accept, KOMITWIATOD
He TIPOPOHUT HU CJIOBA O TOM, YTO Bbl 3a0bUIM CAeaTh Kjacc VectorGraphic MHCIEKTU-
pyeMbIM. DTa olMbKa MPOSIBUTCS JIMIIb BO BPeMsl BLITOJTHEHUST MPOrpaMMbl, KOT/IA Bbl C
YIUBJIEHUEM OOHApyXXWTe, YTO HU OfHa peanu3auus GyHKIMU VisitvectorGraphic He
BbI3bIBaeTcs. HaiiTu Takyto olmbKy J0CTaTOYHO CIIOXHO.

Caedcmeue: Bce vepapxum KiiaccoB DocETement u DocElementVisitor OyayT CKOMIWJIM-
pPOBaHbI TTOBTOPHO, M BaM TIPHMICTCS JO0ABISTH TOBOJBHO OOJIBIIOE KOJTUYECTBO MEXaHUYe-
CKOTO KOJa JIMIIIb JUISl TOTO, YTOObI COXpaHUTb PabOTOCMOCOOHOCTh MpOrpamMmel. B HeKoTo-
PBIX CTydasx TakKoe pellicHHe MOXET 0Ka3aThCsl COBEPIICHHO HEMPUEMIIEMBIM.

PoGepr Maptun (Robert Martin, 1996) m300pen WHTEPECHYIO Pa3HOBHMIHOCTH IMAGIOHA
Visitor, B KOTOpOM LIMKJIMYHOCTb JIMKBUIMPYETCS C MOMOIIbI0 omnepatopa dynamic_cast. B
paMKax STOro rmnoaxoma JJisi MepapXuu WHCIEKTopa co3naeTcs (DUKTUMBHBINA 0a30BbIii Kiacc
BaseVisitor, BEICTYMAONIMI B poiu HocuTesns nHbopMmamu. OH He MMeeT HUKAKOro comep-
JKaHUsl, a cliefloBaTesIbHO, COBEPIIEHHO He3aBUCUM. DyHKIMSI-UeH Accept U3 MHCIIEKTUPYeMOi
MepapXuu TTOJydaeT CChIIKY Ha OOBEKT Kilacca BaseVisitor u mpuMeHseT K HeMy oreparop dy-
namic_cast, yToObl OOHAPYXWUTh COOTBETCTBYIOIIMI MHCTIEKTOP. ECau cOOTBETCTBUE NOCTUTHY-
TO, (DYHKIIMST ACCept MEePEeXOIUT OT MHCIIEKTUPYEMOM MepapXuu K MepapXuy MHCIEKTOpa.

DTO 3BYYMT JOBOJIBHO 3arajioyHo, HO Ha CaMOM Jejie Bce oueHb MpocTo. [TocMoTpuM,
Kak MOXHO peanu3oBaTh 11abgoH Acyclic Visitor B mpoekte DocElement/
DocElementVisitor. Bo-nepBbiX, onpeneavM 6a30BbIA KjIacc MHCHEKTOPA.

class DocElementVisitor

public:
virtual ~DocElementvisitor() {}

};

[TycToii BUPTYyalbHBII IECTPYKTOP BBIMOJHSET B BaxKHble BelUW. Bo-mepBbIX, OH mpe-
JIOCTaBJISIET B pacIopsoKeHMe Kilacca DocElementVisitor GyHKIIMOHAIbHBIE BO3MOXHOCTU
MexaHu3ma RTTI (runtime type information). (Oneparop dynamic_cast MOXHO MPUMEHSITh
JIUIIb K TeM TWUIaM, KOTOpbIe COIEpXKaT XOTS OBl OAHY BUPTYyaJbHYIO (yHKIMIO.) Bo-
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BTOPBIX, BUPTYAJIbHBIN JECTPYKTOP TapaHTUPYET KOPPEKTHOE MOJUMOPGHOE YHUUTOXKEHUE
00BbeKTOB KJlacca DocETlementVvisitor. IlomumopdHast uepapxust 6e€3 BUPTYaJbHBIX IECT-
DPYKTOPOB BbI3BIBA€T HEMPEIBUICHHbBIE TMOCJIEACTBUS, €CIM OOBbEKT MPOM3BOJHOIO Kiacca
paspyliaeTcsl yepe3 ykasaTesib Ha 00beKT 6a3oBoro kiacca. TakuM oO6pa3oM, 006e OMacHOCTU
YCTPaHSIIOTCS BCETO OTHOM CTPOUYKOM KOJa.

OnpeneneHue Kiacca DocElement octaeTcsl mpexXHUM. JIJIsi Hac MpencTaBisieT WHTepeC
orpejieJieHue YUCTO BUPTyalibHOU (hyHKIMU Accept(DocETementVvisitord).

3aTeM Ui Kaxaoro MpoM3BOJHOTO Kjlacca B MHCIEKTUPYEMON uepapxuu (KOpHEM KOTO-
poit sBisieTCsl Kjacc DocElement) orpenejnM HEOOJbIIOW WHCIEKTUPYIOUINI KJlacc,
MMEIOIIUI TOAbKO OfHY (dyHKIMIO VisitXxx. Hanpumep, mnsa kinacca Paragraph HyXHO
ONPEIENUTD CIEAYIOIIMI Kiacc.

class Paragraphvisitor
{
public:

virtual void visitParagraph(Paragraph&) = 0;
};
Peanuzanus dyukimu Paragraph: :Accept BBITJSIIAT TaK.
void Paragraph::Accept(DocElementVvisitor& v)

if (Paragraphvisitor* p =
dynamic_cast<Paragraphvisitor®>(&v))

p->VvisitParagraph(*this);

else
{
30ecb MOJCHO 6bl36aMb (DYHKUUIO-A08VUIKY

}

Benyuyto poab B 9T0M (DyHKLIMU UTrpaeT oreparop dynamic_cast, MO3BOJISIONINI cCUCTEMe
MOAACPXKKM BEITIOJIHEHUSI TIPOTpaMM PacIlO3HaTh, SBISETCS JM OOBEKT Y THOIOOBEKTOM
KJacca Paragraphvisitor, u, eciu aa, IOJYyYUTh yKa3aTelb Ha 3TOT ITOA00BEKT.

AHajornuHble peanm3any GYHKIMU ACcept OIpenelioTcs BO BCex Kilaccax, IIPOM3BOIHBIX
OT Ky1acca DocElement. B 3akioueHre KOHKPETHBIM MHCIIEKTOP BBIBOAUTCS U3 Kilacca DocEle-
mentVisitor u 6a30BBIX MHCIEKTOPOB JIST BCEX KIIACCOB, IIPEICTARIISTIOIINX MHTEPEC.

class DocStats :

public DocElementvisitor, // Heobxoaum

public Paragraphvisitor, // HyXeH Ans WHCNeKTUPOBaHUA
// obbekToB knacca Paragraph

public RasterBitmapVvisitor, // HyxeH Ans WHCNEKTUPOBAHUA
// obbekToB knacca RasterBitmap

{
public:
void visitParagraph(Paragraph& par)

chars_ += par.NumcChars(Q);
words_ += par.Numwords();

void VisitRasterBitmap(RasterBitmap&)
++images_;

1
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CrpyKTypa KJ1accoB, TMOJyYeHHasl B pe3ysbTare, rnmokasaHa Ha puc. 10.2. BepTukanbHble TyHK-
TUPHBIE JIMHUM M300paXaloT 3aBUCMMOCTHU, CYIIECTBYIOIIME B ME€PApXWUU, a TOPU3OHTAIbHAS —
rpaHuIly Mexay uepapxusiMu. O6patute BHUMaHUE Ha TO, Kak omeparop dynamic_cast Mo3Bo-
JISIET BOJIIIEOHBIM 00pa30oM TMepecKaKrBaTh C OJHOTO MEPAPXMUECKOTO JepeBa Ha APYroe, UCTOb-
3ysl B KA4eCTBe MPYXMHbI (DMKTUBHBIM K1acc DocETementVisitor.

DocElement

+Accept(visitor : DocElementVisitor&)

Paragraph RasterBitmap
Accept(vis : DocElementVisitor&) Accept(visitor : DocElementVisitor&)
DocStats
ParagraphVisitor RasterBitmapVisitor

v

DocElementVisitor

Puc. 10.2. Cmpykmypa Kaaccoe 045 ayukau4ecko20 UHCneKmopa

XoTs1 onmucaHHasi CTPYKTypa COAEPXKUT B cebe 00sbllioe KOJUYECTBO JeTaleil U B3auMo-
NEeUCTBUI, Oa30Basi CTPyKTypa JOBOJIBHO TMpocTa. YOenumcsi B 3TOM, NpoaHaIu3upoOBaB I0-
TOK CcOObITHIA. JIOMyCTUM, UTO Y Hac €CTh yKa3aTesJb pDocElem Ha 0OBEKT Kilacca DocEle-
ment, MMEIOLIEro IUHaMuYeckuit (“peasbHbIii”) TUN Paragraph. Torma moctynuMm cie-
IyIolIMM 00pa3om.

DocStats stats;

pDocETem->Accept(stats);

DTO MOBJIEUET 32 COOO0I TaKue COOBITHSI.

1. O0BeKT stats aBTOMAaTUYECKU HpeOGpa?:OBLIBaCTCH B CCBLIIIKY Ha 00BEKT Kilacca Doc-
ElementVisi tor, MOCKOJIBKY OH SIBJISIETCSI OTKPBITBIM HACJICAHUKOM 2TOTO Kjacca.

2. BrI3bIBaeTcst BUpTyanbHas (yHKIUS Paragraph::Accept.
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3. ®yukuus  Paragraph::Accept TBITaeTCd  NPUMEHUTH  omepatop  dy-
namic_cast<Paragraphvisitor*> K aapecy o0bekTa DocElementVisitor, mo-
JIYYEHHOTO €10 B KauecTBe mapamMeTpa. [1oCKOJIbKY 3TOT OOBEKT MMEET NTMHAMUYE-
CKMI TN DocStats, KOTOPBIM SIBJASETCS OTKPBITHIM HACJIEIHUKOM KJIacCOB DO-
CElementVvisitor um Paragraphvisitor, BBIIIOJHSIETCS NPUBENCHUE TUIIOB.
(BoT rae mpoucxoauT Teaenopranus!)

4. Tenepb pyHkuusi Paragraph: :Accept A0o/KHA MOJAYYUTh yKazaTeslb Ha 4acThb Kjacca
Paragraphvisitor, KoTopyo yHaciemoBal oO0BeKT DocStats. ®yHkuus Para-
graph::Accept InpuMeHsSET K 3TOMY yKasaTello BHUPTyaJdbHYIO (QYHKIMIO Visit-
Paragraph.

5. BupryanbHblii BbI30B gocturaeT ¢yHKUMU DocStats::VisitParagraph. Kpome To-
ro, OHa IMOJIy4yaeT B KauyecTBE MapaMeTpa CChbIJIKY Ha WHCIEKTUpYyeMblil ad3au. WMH-
CIIEKTUPOBaHUE 3aKOHUYEHO.

[1poBepuM HOBYIO TUArpaMMy 3aBUCHMOCTEH.

e OmnpeneneHue Kiacca DocElement 3aBUCUT OT KJlacca DocElementVisitor mo ume-
HU. 3aBUCUMOCTh 110 MMEHM O3HayaeT, YTO HEIOJIHOrOo OOBSIBICHMS Kiiacca DocEle-
mentVisitor BOOJHE HOCTATOYHO.

o Kiacc Paragraphvisitor — u BooOI1lle Bce 0a30BbIe KJIACChl XXxVisitor — 3aBU-
CAT MO UMEHU OT KJIaCCOB, KOTOPbIe OHU MHCIIEKTUPYIOT.

o Peanuzanusa (pyHKL[I/II/I Par‘agraph: Accept MNOJHOCTBbIO 3aBUCUT OT Kjacca Para-
graphV'i sitor. IlomHasa 3aBUCUMOCTD O3HA4acT, 4YTO M1 KOMITMIIALIMM KOJa HEe00Xx0-
JHUMO ITOJIHOEC OIPEACJICHUE Kiacca.

e Bce KoHKpeTHbIe ompeeseHHsT KJIAaCCOB MHCIEKTOPOB MOJHOCTBIO 3aBUCST OT KJlacca
DocElementVisitor u Bcex 6a30BbIX MHCIEKTOPOB XxxVisitor.

[abnon Acyclic Visitor JUKBUAMPYET HUKIMYECKUE 3aBUCUMOCTH, HO B3aMEH OC-
TaBJIsIET MPOrpaMMUCTY ellle OoJibiie padboThl. Tenepb Mbl JOMKHBI MOANEPKUBATh 06a Ta-
paJUIeJIbHbIX MHOXECTBA KJIACCOB: MHCIIEKTUPYEMYIO MEpapXvio, KOPHEM KOTOPOW SIBJISIETCSI
Kjacc DocElement, U MHOXECTBO MHCIIEKTUPYIOLIMX KJIACCOB XxXVisitor, 1o OLHOMY Ha
KaXIIblii MHCTIEKTUPYEeMbIii Kjacc. PaboraTh ¢ ABYMSI MapauieIbHBIMU MEPAPXUSIMU KJIACCOB
HeXXeJlaTeJIbHO, MOCKOJIbKY JJIsSl 3TOTO TpeOyeTcsl cTporasi AMCLUMIUIMHA U BHUMaHME.

CpaBHuBas 3(hGheKTUBHOCTh “TpocToro” 1mabysoHa Visitor u 1mabinoHa Acyclic
visitor, cienyer 3aMeTUTh, YTO BO BTOPOM Ciyyae MpM KaxJIOM MpPOXOJe UepapXuu BO3-
HUKAaEeT OJHO JOTOJHUTEIbHOE NUHAMUYECKOe TMpuBeAeHUe TUIMOB. Bpems, 3aTpaunBaemMoe
Ha 9TO MPUBEACHUE, MOXET ObIThb MOCTOSIHHBIM, @ MOXET 3aBUCETb OT KOJMYeCTBa IMOJIU-
MOpP(MHBIX KJIacCOB, BO3pacTasi Mo JiorapuMUYeCKOMY WJIM JUMHEWHOMY 3aKoHy. Bun srtoit
3aBUCUMOCTHU 3aBHCUT OT KOHKPETHOro KoMmuisitopa. Ecin ahdeKTuBHOCTD sIBIsSIETCS BaX-
HBIM KpUTEpPUEM KadecTBa IIPOrpaMMBI, TO 3TH 3aTpaThl BPEMEHU MOTYT CTaTh CYIICCTBEH-
HbIMU. TakuM 00pa3oM, MHOTrAa CleayeT MCIO0Jb30BaTh “MpOCTOil” 1abloH Visitor u
MOAIEPXKUBATh LIMKJINUECKUE CBSI3U.

I'msaa Ha 3Ty MpauyHyl0 KapTUMHY, CJelyeT NMpU3HaTh, 4To 11abJoH Visitor npeacTasisi-
€T co0Ooil NMPOTMBOPEUYMBYIO KOHCTPYKIIMIO. DTO HE YIUBUTEIBHO, MOCKOJBbKY Iaxe Dpux
I'amma (Erich Gamma) u3 rpynnbl GoF 3asiBiisii, uTo 11abyIoH Visitor 3aMbIKaeT IeCSITKY
caMbIX HermonyJ/sipHbIX 1adsoHoB (Vlissides, 1999).

[[Ta6noH Visitor rpyObiii, HETMOKUIA, €ro TPYIHO PACLIMPATh U MoxaepxuBaTh. OnHa-
KO, OyIy4n HAaCTOWUYMBBIMU U TIPUJIEXKHBIMU, MBI MOXEM CO3/1aTb OMOJIMOTEUHYIO peain3a-
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oMo 1abdjioHa Visitor, MpeIcTaBIsIoNIyl0 co0Oi TMOJHYIO MPOTHUBOIOJIOXHOCTh CKa3aH-
HOMY BbIllIE: €€ JIeTKO MCIMOJb30BaTh, PACIIMPATb U MoaaepxkuBaTh. Kak 3To caenaTb, Mbl
MOKaXXeM B CJIeIyIOlleM paszerie.

10.4. 0000w eHHaa peann3auuns wabnoHa Visitor
PaB,Z[GJII/IM pfajim3alinio Ha AB€ OCHOBHLIC YaCTH.

o Uncnexmupyembie Kaaccobl. DTO KIACCHI, BXOMSIIIUE B UEPAPXMIO, KOTOPYIO MBI COOM-
paeMcsl MHCIIEKTUPOBATh (MOGaBJISISI B Hee Orepariuu).

e Uucnexmupyruwjue Kaaccoi. DTH KJIACCHI ONMPEOEIISIOT M PEATU3YIOT (HaKTUYECKUE
OIlEepaLu.

Hamr metom mpocTt: Mbl CTpeMUMCST BBIHECTH B OMOJIMOTEKY MaKCUMAaJIbHYIO 4acTh KOja.
Eciu Ham aTO ynactcsi, B3aMMO3aBUMCMMOCTU MEXIY KjiaccaMM 3HAYUTENbHO YITPOCTSITCS.
TakuM 00pa3oM, WHCIIEKTOp W WHCIIEKTUPYEMBI OyIyT 3aBUCEThb HE OPYr OT Ipyra, a OT
OMOIMOTeKU. DTO OYEeHb XOPOILLIO, MOCKOJIbKY OMOJIMOTEKa CUMTAeTCsl HAMHOro 0OoJjiee Io-
CTOSIHHOW, YeM TIPUJIOXKEHHUE.

CHauajna Mbl TonpoOyeM peajan3oBaThb 000OIIEHHBIN 11a0J0H Acyclic Visitor, mo-
CKOJIBKY OH 00J1alaeT JIyJyllIMMU KaueCTBaMU C TOYKM 3PEHUsI 3aBUCMMOCTE MEXIY ero yac-
TaMu. [lo3aHee Mbl ero yCOBeplLIEHCTBYEM, MOBLICUB 3Gh(eKTUBHOCTb. B 3akioueHue Bep-
HeMCs K peajiM3aliM KJIacCMYecKoro IabsoHa Visitor, mpemioxeHHoro rpymnmnoir GoF,
obJanarolero 6oyiee BBICOKMM OBICTPONEHCTBUEM 3a CUET MOTEPU T'MOKOCTH.

IIpu oOcykxaeHUU BOMIPOCOB peaju3alluv Mbl OyldeM T0JIb30BaTbCsi UMEHAMM, Tepeuuc-
JIECHHBIMU W onpeneseHHbIMU B Tab. 10.1. HekoTopble M3 3TUX UMEH Ha CaMOM Jiejie OIU-
CHIBAIOT 1IA0JIOHHBIE KJIACChI, TOYHEE TOBOPSI, CIMAH08amMcs AO0JIOHHBIMU KJlaccaMU 10 Mepe
MOBBILIEHUS CTENEeHW O0000ILIEeHHOCTU Halleil nporpammbl. [loka Hac OymyT uMHTepecoBaTh
JIUIIIb OTIPeesIEHUsI CYIIIHOCTEN, K KOTOPbIM OTHOCSITCSI 3TU MMEHa.

Ta6nuua 10.1. AMeHa KOMNOHEHTOB

Nma IIpunamaexxnocts Onucanue
Basevisitable bubnuotexka OcHoOBa Bcex WHCIIEKTUPYEMBIX UepapXuit
visitable bubnuotexka CwmetraHHBI Kiace, 61arogapst KOTOpOMy Kjlacc B
MHCIIEKTUPYEMOIM MEpapXuu CTAHOBUTCS
WHCIEKTUPYEMBIM
DocElement [Mpunoxexnue OcHoBa vepapxuu, KOTOPYIO MBI XOTUM CHeJaTh
UHCIIEKTUPYEMOW
Parag raph , [MpunoxeHue JIBa KOHKpPETHBIX MHCIIEKTUPYEMBIX KJacca,
RasterBitmap MPOM3BOAHBIX OT Kjacca DocElement
Accept bubnuoteka u @OyHKIMS-WIEH, KOTOpast BHI3BIBACTCS ST
NPUJIOXKEHUE MHCIIEKTUPOBAaHUS MepapXuu
Basevisitor Bubnaunoreka OcHOBa MHCIIEKTUPYIOLLEH HepapXuu
visitor Bbubnnoreka CMeluaHHBIN KJace, 6jarogapsi KOTOpoMy Kiacc B
WHCIEKTUPYIOLLEH UepapXuu CTAHOBUTCS
HMHCIIEKTUPYIOLLUM
Statistics IMpunoxenue KOHKpEeTHBI MHCIIEKTUPYIOLINIA KJTacc
Visit bubnuoreka u DYHKIMSA-YIEH, KOTOpasi BbI3bIBACTCS
MPUWIOXEHUE WHCIIEKTUPYEMBIMU 3JIEMEHTAMU U MPUMEHSETCS K
MHCIIEKTOpaM
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CHavana oOpaTMM BHMMAaHKWE Ha WHCIIEKTUMPYIOUIYI0 Hepapxuio. 3/1ech BCE TOBOJLHO
MPOCTO — MbI JOJDKHBI MPEAYCMOTPETh HEKOTOPbIE 06a30BbIE KJIACChI ISl MOJb30BaTeNs, T.€.
KJIacChl, OMpenessolyre onepauno Visit s 3agaHHoro tuna. KpoMe toro, HeoOxoaumMo
co31aTh (PUKTUBHBIN KJIAaCC, UCIOJIb3YeMbIil OMEpaToOpoM IWHAMUYECKOTO TMPUBEACHUS TH-
MOB B COOTBETCTBUM C I1abJoHOM Acyclic Visitor.

class Basevisitor

{
public:
virtual ~Basevisitor() {}
;
Kopma misi moBTOpHOro MpUMEHEHMSsl 3[€Ch HEMHOIO, HO MHOTJAA MPUXOAUTCS CO3[aBaTh U
TaKue MaJIEeHbKUE KJIacChl.
Tenepp HanuieM OPOCTOM 1IAOJOHHBIN KJacc Visitor.

template <class T>
class Vvisitor

public:
virtual void visit(T&) = O;

};

B obiiem ciyyae (yHKims Visitor<T>::Visit MoXeT Bo3BpallaTh 3HaYeHUE, TUIT KO-
TOpPOro omIMyaeTcsi oT Thna void. DTa (PyHKUMS MOXeT MepenaBaTh MOJE3HBI pe3yiabTaT
yepe3 yHkuMIO Visitable: :Accept. CienoBaTenbHO, B Kjiacc Visitor HY:XHO 100aBUTH
BTOPOM 111a0JIOHHBIN MTapaMeTp.

template <class T, typename R = void>
class Vvisitor

{ .
public:
typedef T ReturnType;
virtual ReturnType Visit(T&) = 0;

};

[ Toro 4To6bl MPOMHCIEKTUPOBATh UEPAPXUIO, MBI JOJDKHBI CO3[aTh Kjlacc SomevVisi-
tor, MPOM3BOMHBIA OT Kjacca BaseVisitor, a KOJWYECTBO peaiM3alUii kjiacca Visitor
JIOJDKHO COBMAAATh C KOJWYECTBOM MHCITEKTUPYEMBIX KJIACCOB.

class Somevisitor

public Basevisitor, // Heobxoaum

public Vvisitor<RasterBitmap>,
public Vvisitor<Paragraph>

{

public:
void Vvisit(RasterBitmap&); // WHcnekTupyeT knacc RasterBitmap
void Vvisit(Paragraph&); // WHCnekTupyeT knacc Paragraph

1

DTOT KO BBIIVISITUT MTPOCTHIM, SICHBIM U JITKMM B MCIOJIB30BaHMK. ETo CTpYKTypa 4eTKO
YKa3bIBAET, KAKKMe KJIACCHI MMOMIEXKAT UCIIEKTUPOBaHUIO. Y, 4TO elle Jydile, KOMITWISTOP He
MTO3BOJISIET KOHKPETH3MPOBATh KJTacC SomeVvisitor, ecr Mbl He ONpEeneIMIN Bce YHKIIUU
Visit. B 9TOM mposBisieTcst CBSI3b MEXIY OIpelecHuEM Kiacca SomeVisitor U MMeHaMu
WHCIIEKTUPYEMBIX UM KJ1accoB (RasterBitmap u Paragraph). DTa 3aBUCHMOCTH BITOJIHE
ITOHSITHA, MTOCKOJIbKY KJIACC SomeVisitor shaem 00 3THX TUIAX U Hyxcdaemcs B CIIELIMATIb-
HBIX OTIepaIUsIX UIsI pabOTHI C HUMHM.

Ha sTtoM MBI 3aBepiiMM OOCYXIEHHE YACTH pealM3allii, Kacaloleiicss WHCIIEKTUPYIO-
IIMX KJIacCOB. MBI OINpene/MIM IPOCTOi 0a30BbIi KiTacC BaseVisitor, MeiCTBYOIIUIA Kak
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ob6osouka onepaTtopa dynamic_cast, ¥ abJOHHBIN Kji1acc Visitor, reHepupyrolnuii YucTo
BUPTYaJbHYIO (QYHKIIMIO Visit.

HecMotpst Ha TO 4TO KOA, HANMMCAHHBIH HAMU JJII 3TOTO, BECbMa MaJ, €r0 TOTEHIIMA
MOBTOPHOTO MCMNOJIb30BaHUsI orpoMeH. LllaGioHHBIi Kiacc Visitor reHepupyeT OTAETbHBIN
TUAT JUIST KaKI0TO MHCIeKTUupyemoro kiacca. Ilonb3oBatenb OMOIMOTEKM Terepb MOXET He
pa3buBaTh peaiM3allMio Ha TaKWe MaJleHbKWE KJlacchl, Kak Paragraphvisitor u Raster-
Visitor. Tumbl, reHepupyemble AOJOHHBIM KJaccoM Visitor, camu obecreyar CBsI3b
MEXAY BCEMU MHCIEKTUPYEMBbIMU KJIACCAMU.

[lepeitnem K uHcnekTupyemoit mepapxuu. Kak ykasbiBajJoch B TpeIbUIyllieM pasielie,
WHCHEKTUpyeMasl uepapxusl B peaaus3alvu 1madnsoHa Acyclic Vvisitor npenHazHauyeHa ISt
pelleHus CAeayolunX 3a1ay.

e  OOBABIATH YUCTO BUPTYyAIbHYIO (DYHKIIUIO ACCept, ITOTYJaloIyl0 CCBUIKY Ha OOBEKT
KJlacca BaseVvisitor B 0a30BOM KJjacce.

e 3amemiaTh M C€O31aBaTh pcain3almrio (pYHKI_lI/II/I Accept B KaxIoM IIPOU3BOIHOM
KJ1acce.

s Toro 4yTOOBI BBITIOJIHUTH NIEPBYIO 3aauy, Mbl JJ00aBUM B KJjlacc BaseVisitable uuc-
TO BUPTyaJbHYI0 (DYHKIMIO U MOTpedyeM, YyToObl Kjaacc DocElement HaciemoBal ee. DTO
OTHOCUTCS U KO BCEM KOPHSM MHCIEKTUPYEMBIX MEpapXuii, CYIIECTBYIOIIMX B TPUIIOXE-
Huu. Knacc Basevisitable BBINISIAUT cleAyOlIUM 0Opa3oM.

template <typename R = void>
class Basevisitable

{
public:

typedef R ReturnType;

virtual ~Basevisitable() {}

virtual ReturnType Accept(Basevisitor&) = 0;
};

Bce ouenb mpocto u cKyyHo. MIHTepecHble Bellly MPOUCXOIST, JUIb KOTIA Mbl TIHITAEMCS
BBIMOJHUTbH BTOPYIO 3ajauy, T.e. peaM30BaTh (QyHKLMIO Accept B OMOIMOTEKe (a HEe B KJIMEHT-
ckoM kofe). Peanmzanust ¢hyHKIMM Accept HeBelMKa, HO BKIIIOYATh €€ B KaXKIbI KIMEHTCKUIA
KJIaCC — CJIMILKOM YTOMUTENIbHOE 3aHsTHe. bbuio Obl 3M0poBO, €cu Obl 3TOT KOI MPUHAIJIEXAT
oubmoteke. Kak mpeanuceiBaeT 11adsoH Acyclic Vvisitor, ecau Kiace T SIBISIETCS MHCIIEK-
TUPYEeMbIM, TO peaiu3aius T::Accept mpuMmeHsieT orepatop dynamic_cast<Vvisitor<T>*> K
TUIy BaseVvisitor. Eciu npuBeneHue BBIMOMHEHO YCMelHo, GyHKUus T: :Accept Bo3BpallaeT
ynpasyieHue GyHKIMU Visitor<Ts>: :visit. OgHako, Kak ykasbiBajgoch B pazaesne 10.2, mpocroe
onpeneneHre QyHKIIMU Accept B Kiacce Basevisitable He paboTaeT, MOCKOJbKY MapaMeTp
*this MMeeT craTMyecKuil TWN BaseVisitable, KOTOPBIA HE MOXET MPENOCTABUTh MHCIIEKTO-
pam JI0CTaTOYHbINA 00beM MH(OPMALIMK O TUTIE.

HyxHo Haittu criocod peann3oBath (yHKIMIO Accept B OMOIMOTEKE, a 3aTeM BCTaBUTH €€ B
Mepapxuio Kiacca DocETement. YBbI, B g3bike C++ TaKoro HEMoCpeICTBEHHOrO MEXaHU3Ma HeT.
Ectb cpenctBa mist paboThl ¢ BUPTyaIbHBIM HAC/IEIOBAHUEM, OIHAKO OHU PabOTAIOT HE JIy4lIUM
0b6pa3zoM. MBI JO/DKHBI MPUOETHYTh K MAaKpOCy M MOTPeOOBaTh, YTOObI KaxKIbliA KJIacC B MHCIIEK-
TUPYEMOI MepapX1K UCIIOb30BaJT 3TOT MAKpOC B CBOEM OIMPEIEIEHUM.

[MpuHATH penieHre UCMOob30BaTh MaKpoC (CO BCEMU BBITEKAIOIIMMU OTCIOAA MOCIEACT-
BUSIMU) HEJIETKO, HO Apyroro 6ojee ynooHoro u 3¢hGEeKTUBHOTO PEIIeHUS HE CYIIECTBYET.
IMockobKy TmporpaMMuUcCThl Ha s3blke C++ JM0aM NMpakTU4YHbIC, 3(PHOEKTUBHOCTL SIBISIETCS
JIOCTATOYHOW MPUYUHOW ISl MCTIOJIb30BaHUS MMEHHO MakKpoca, a He Jpyroro, 330Tepuye-
CKOro, HO Hea(hdEeKTUBHOIO CpeaCTBa.
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OCHOBHOE TIPaBUJIO TJIACUT: MAKpOC MOJIKEH BBITIOTHSITh KaK MOXHO MEHbIlE paboThl U
KaK MOXHO OBICTpee MepechliaTh JaHHbIE “pealbHbIM” CYHIHOCTSIM ((DyHKLIMU WU Kjaccy).
Makpoc 17151 MHCTIEKTUPYEMbIX KJIACCOB OMPEIENSIeTCs CAEAYIOIIUM 00pa3oM.

#define DEFINE_VISITABLE() \

virtual ReturnType Accept(Basevisitor& guest) \
{ return AcceptImpl(*this, guest); }

IMonb3oBaTenb OOJKEH BCTaBUTh Makpoc DEFINE_VISITABLE() B KaXZIblil KJacc WH-
CIIEKTUPYEMOI Mepapxuu. DTOT MaKpoc mepeonpenessier GyHKIU-4IeH Accept Kak 1ab-
JIOHHY1I0 (yHKUMI0O AcceptImpl, mapaMeTpuM30BaHHYIO TUIOM TMapameTpa *this. Takum
o0pa3om, GyHKuMs AcceptImpl mMmojyyaeT AOCTYN K HEOOXOIMMOMY CTaTMYEeCKOMY THITY.
®yHkiuss AcceptImpl ompezaefieHa B caMOM HM3y MEpapxuM, B Kjiacce Basevisitable.
DTO TO3BOJISIET BCEM MPOM3BOJHBIM KjlaccaM MMETh K Hel AocTyn. BoT Kak BBIMISAUT U3-
MEHEHHBII Kjlacc Basevisitable.

template <typename R = void>
class Basevisitable

{
public:
typedef R ReturnType;
virtual ~BaseVvisitable() {}
virtual ReturnType Accept(Basevisitor&) = 0;
protected: // OTKpbiBaeT AOCTyn K uepapxum
template <class T>
static ReturnType AcceptImpl(T& visited, Basevisitor& guest)
{
// TNpuMmeHaeM wabnoH Acyclic Vvisitor
if (visitor<T>* p = dynamic_cast<Visitor<T>*>(&guest))
{

return p->Vvisit(visited);

return ReturnType();
}

};

To, uro Mbl oTnpaBuan (GyHKIMIO AcceptImp] B OMOIMOTEKY, OYEHb BaXXHO. DTO CHe-
JIaHO HE€ TOJIBKO U1l aBTOMaTu3aluuu pabotsl nosb3osatens. [IpucyrcTeue GpyHKumMu Accep-
tImpl B OMONMOTEKE JAeT HaM BO3MOXHOCTb HACTpaWBaTh €€ peain3aliiio Ha KOHKPETHBIC
YCJIOBUSI TIPOEKTA

Peanu3zaius npoexkra Visitor/visitable ckpbIBaeT OT Mojb3oBatesiss OOJIbIIOE KOJIM-
YECTBO JIeTajieil, MpeACTaBisisg co00i BOIEOHbINA YepHbId suk. Huke npuseneH kon pea-
Jm3auny 00001IeHHOro 1madiioHa Acyclic Vvisitor.

// WHCnekTupywlasa 4acTb
class Basevisitor

public:
virtual ~Basevisitor() {}

)
template <class T, typename R = void>
class Vvisitor

public:

typedef R ReturnType; // LOCTyneH Ans KJINEHTOB
virtual ReturnType Visit(T&) = 0;
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// WHCnekTupyemasa 4acTb
template <typename R = void>
class Basevisitable

{
public:
typedef R ReturnType;
virtual ~Basevisitable() {}
virtual Accept(Basevisitor&) = 0;
protected:
template <class T>
static ReturnType AcceptImpl(T& visited, Basevisitor& guest)
{
// TNpumeHsaem wabnoH Acyclic Visitor
if (visitor<T,R>* p = dynamic_cast<Visitor<T,R>*>(&guest))

{

3
return ReturnType(Q);

return p->Vvisit(visited);

}
1

#define DEFINE_VISITABLE() \
virtual ReturnType Accept(Basevisitor& guest) \
{ return AcceptImpl(*this, guest); }

I'oToBbI K TeCTOBBIM McTbITaHUSIM? HauHem!
class DocElement : public Basevisitable<>

public:
DEFINE_VISITABLE(Q)
1
class Paragraph : public DocElement
public:
DEFINE_VISITABLE(Q)
1
class MyConcretevisitor
public Basevisitor, // Heobxoaum
pubTlic visitor<DocElement>, // WHCneKTUpyeT 06BLEKTHI
// knacca DocElements
public Vvisitor<Paragraph> // VHcnekTupyeT 06bekTbl
// Kknacca Paragraph
public:
void Visit(DocElement&)
{ std::cout << "visit(DocElement&) \n"; }
void Vvisit(Paragraph&)
{ std::cout << "visit(Paragraph&) \n"; }
1

int mainQ)

MyConcretevisitor visitor;

Paragraph par;

DocElement* d = &par; // CKpblBaeT cCTaTUYeCcKuh Tun obbekTa par
d->Accept(visitor);
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OTa MajieHbKasi MporpaMMa BbIBOAMT Ha 9KpaH COOOIIEHUE, O3HAYarollee “Bce B MOpsiKe”.
Vvisit(Paragraph&)

Pazymeetcs, 3TOT UCKYCCTBEHHBIN MPUMep HE MOXKET IPOIEMOHCTPUPOBATH BCIO MOIIb
paspaboraHHOro HaMu Koma. OIHAKO, €CJIM BCIIOMHMTD, ¢ KAKMMM TPYIHOCTSIMUA MBI CTOJIK-
HYJIUCb B MpeIblayllieM pasfesie Npyu pealu3aluyd MHCIEKTOPOB “C HyJs”, CTAHOBUTCS SICHO,
YTO TEMEPh B HAILEM PACIOPSDKEHUU €CTh CPEACTBO IJISI KOPPEKTHOIO CO3MAHMUS MHCIICKTHU-
PYEMBIX MepapXuil ¥ UX JaJbHEHIIIero MHCIICKTUPOBAHWS.

IepeunciuM AEUCTBUSI, KOTOPbIE HEOOXOAMMO BBHINOJIHUTH IPU OIPEICICHUN WHCIIEK-
TUPYEMOI MepapXuu.

e BriBecTu KopeHb Mepapxuu M3 Kjiacca BaseVisitable<YourReturnTypes>.

e Jl00aBUTH B Kaxablil Kiacc SomeClass, BXOASIIMI B WHCIEKTUPYEMYIO UepapXulo,
Makpoc DEFINE_VISITABLE(). (Tenepb mepapxuio MOXHO MHCIEKTUPOBATh, OJHAKO
HUKaKHX 3aBUCUMOCTEI OT Kijiacca Visitor Oojblie Het!)

e BhIBecTu Kaxkblii KOHKPETHBI MHCIEKTUPYIOIIUIA KJlacC M3 Kjlacca BaseVisitor.
Kpome Toro, misa Kaxmoro kiacca X, IOMJIEXKAIIer0 MHCIIEKTUPOBAHMIO, HYXXHO BBI-
BECTM KJIacc SomeVisitor M3 Kjacca Visitor<X, YourReturnType>. OGecrnieyuTh
3aMellleHre (PYHKIMU-WIeHa Visit B KaXXIOM MHCIIEKTHPYEMOM KJiacce.

JunarpamMma 3aBUCUMOCTElN, BO3HUKAIOIAsI B pe3yjbTaTe 3TUX JAEHCTBUI, OYeHb IMPOCTA.
OrnpesenieHre Kjiacca SomeVisitor 3aBUCUT MO HMMEHU OT KaxIOro WHCIEKTUPYEMOro
kinacca. Peanuzauuu dyHKUUM-4ieHa Visit MOJHOCTBIO 3aBUCST OT KJIACCOB, KOTOPBIMU
OHU MaHUMYJUDPYIOT.

Bce a3To mpekpacHo. [lo cpaBHeHMIO C peanun3alusiMu, OOCYXIABIIMMUCS paHee, Jyd-
1Iero 1 ObITh HEe MOXeT. biaromapst peanuzanuu 1abdjoHa Visitor y Hac eCThb YHOPSAO-
YEHHBIN CMOCO0 CO3MaHUsI UHCTIEKTUPYEMbIX MEepapXuii, TIO3BOJSIIOIINN COKPATUTh KIIMEHT-
CKUI KOJ 1 3aBUCUMOCTb KJIACCOB.

B ocobbix ciyyasix GyHKIMIO Accept Jiydille peaM30BbIBaTh HEMOCPEACTBEHHO, a HE C T0-
MOILIbI0 Makpoca DEFINE_VISITABLE(). JlomyctrmM, 4TO Mbl OIpedessieM Kiacc Section, mpo-
M3BOHBIN OT Kj1acca DocElement U comepkallnii HECKOJIbKO O0BEKTOB Kiiacca Paragraph. Mbi
Obl XOTeJIM MHCIIEKTUPOBaTh BCe 0OBEKThI Kilacca Paragraph, comepxaliuecs: B 00beKTe Kjacca
Section. B atom ciayyae Mbl MOITH Obl peanu3oBaTh (hyHKIMIO ACCept BPy4YHYIO.

class Section : public DocElement

// ®YHKUMA Accept peasn3yeTcs HenocCpeacTBEHHO,

// a He yepe3 Makpoc DEFINE_VISITABLE(Q)
{

virtual ReturnType Accept(Basevisitor& v)
{
for (kaxcowiii napaepag 6 danHom pasdene)
{

}

current_paragraph->Accept(v);

}

};

OueBUIHO, YTO C MOMOIIbIO 11a0J0Ha Visitor MoxXHO nenaTth éce, uto yrogHo. Ko,
MPUBEACHHbIN BbIlIE, OCBOOOXAAET MPOrpaMMUCTa OT TSIKEJIONM HEeOOXOAMMOCTH CO31aBaTh
BCE C HYyJIs.

Mpl 3aKOHYWIM pa3paboTKy sapa pealM3aluu ImadjoHa Visitor, comepxallero mnpak-
TUYECKU BCE, YTO HEOOXOAMMO IIJIsI MHCIIeKTUpoBaHus. [IponomkeHue ciemyer.
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10.5. Hazapg — K ““npocTtomy”’ wabnoHy Visitor

Peanuzanust o6o61eHHOro mabiaoHa Acyclic Vvisitor, onpenejieHHas B NpeAblIyleM
paznesie, BIIOJIHE YIOBJIETBOPUTEJIbHO paboTaeT BO MHOTMX cuTyauusix. OQHaKo, eciu HyX-
HO €O3aTh OBICTPOACICTBYIOINICEe MPUIOXKEHUE, ITMHAMUYECKOEe MPUBEJACHNE TUIIOB, BbIMOJ-
HsieMoe B (byHKIIMM Accept, MOXET MOBEprHyTh BaC B YHbIHME, a UBMEPEHUSI CKOPOCTU pa-
0OThbl Ballleli MpPOrpaMMbl — TMPSIMO B cocTosiHMe aemnpeccuu. [louemy 3To mpoucxoauT?
Korna Bbl mpumeHsieTe omeparop dynamic_cast K HEKOTOpPOMY OOBEKTy, cHCTeMa MOj-
JIEPXKKU BBIMIOJIHEHUST TIPOTpaMM JIOJKHA MPOU3BECTU HECKOJIbKO neiicTBuii. Kom mexaHus-
ma RTTI momkeH ompeneaunTb, AOMYCTUMO JM JaHHOE IMpeoOpa3oBaHME, U B CiIydyae IOJO-
JKUTEJIbHOTO OTBETA BBIYMCIIUTD yKa3aTelb HA OOBEKT Pe3yJbTUPYIOIIETO TUTIA.

ITorpobyeM pa3o0paThbcsi, Kak 3TOr0 MOXKHO JOCTMYbL MPU CO3AaHMM KOMIWisiTopa. Mox-
HO TPUCBOUTH KAXKIOMY TUITY, KOTOPbI (DUTYpupyeT B TNporpamMme, YHUKAJIbHBINA 1EJI0YKC-
JIEHHbI UAEHTU(UKATOP. DTOT WASHTU(PUKATOP OKA3bIBAETCS MOJIE3EH U MPU 00pabOTKe UC-
KJIIOUMTENIbHBIX cuTyaluii. Toraa B BUPTYaIbHYIO TaOJMIYy KaXKIOTO Kiacca KOMITUJISITOP 3a-
MUChIBAET YyKaszaTesJb Ha TaOaUIly WAEHTU(MMKATOPOB BCEX €ro MOATUIIOB. Bmecte ¢ HuMuU
KOMIUJISITOP MTOJDKEH XPaHUTh CMEIIeHUs] TOJ00BEKTOB OTHOCUTENbHO 0a30BOTOo OOBEKTa.
D10l MH(pOpPMALIMKU TOCTATOUHO ISl TPABUILHOTO BBIMIOJHEHUS TUHAMUYECKOTO MPUBENEHUS
tunoB. Koraa BeimonHseTcs: onepatop dynamic_cast<T2*>(pl), a mapameTp pl rnpeacrasisi-
eT coboil “yKazaresb Ha OOBEKT TUIA T1”, cucTeMa MOAIePKKU BBITIOJHEHUST MPOrpaMM Tpo-
CMaTpuBaeT TabJIMIly TUIIOB B MOMCKAX TUIIA, COOTBETCTBYIOIIETO TUITy T2. Eciau cooTBeTcTBUE
C TUIMOM T2 OOHapyXeHO, cUcTeMa MOAAEPXKKHU BbIMOJIHEHUS] TTPOrpaMM BBITIOJTHUT HEOOXOIM-
Mble apuMeTHIYecKre orepalnu ¢ yKazareJeM U BepHEeT pe3yabTar. B mpoTtuBHOM ciydae Oy-
JIeT BO3BpallleH HYJIeBOl ykazaTesb. JleTanu, B YaCTHOCTH MHOXECTBEHHOE HacJieoOBaHue, ellle
0OJIbIIIEe YCIOXHSIOT Y 3aMEISIIOT IMHAMUYECKOE TIPUBEACHUE TUTIOB.

CJI0KHOCTb OMUCAHHOTO BbIllIe pelleHus1 paBHa O(#n), e 7 — KOJMYECTBO 0A30BbIX KJIACCOB
JaHHOTO Kiacca. MHBIMM ClloBaMu, BpeMsi, 3aTpauylBaeMoe Ha ITMHAMUUYECKOE MPUBEACHUE THU-
OB, BO3PACTAET JIMHEWHO 10 Mepe YIIIYOJIeHUSI M PaCIIUPEHUs] MEPApXUil HAC/IETOBAHMSI.

B kayecTBe ajibTepHATHBBI MOXHO MCITOJIb30BAaTh TAOIULbI X3IIMPOBAHMSI, TTO3BOJISIIOLINE
MOBBICUTh OBICTPONEWCTBME MpPOrpaMMbl 3a cueT OofbpluMx 3arpaT mnamsTtu. Kpome Toro,
MOXHO MPUMEHUTH OOJIbIIYI0O MaTPUILy IJIsSi BCErO MpuioxkeHus. B aTom ciayyae Bpems, 3a-
TpaurvBaeMoe Ha IMHAMUYECKOE TMPUBEICHNUE TUIIOB, MTOCTOSHHO, OMHAKO pa3Mep Iporpam-
MbI PE3KO BO3pacTaeT, 0COOEHHO, €ClAM B Heil MHoro kjaccoB. (MoXHO Obulo Obl cXaTb
MaTpuily — TOTJA XXM3Hb CO3/aTesieil KOMITUISITOPOB si3bika C++ craja Obl HAMHOTO Jierye.)

Hrak, oneparop dynamic_cast 3HAYMTEIbHO CHUXKAET MPOU3BOAUTEIBHOCTh ITpOrpam-
MbI, MPUYEM MpeAcKa3aTb BEJIUUYMHY ITOTO CHUXKEHMSI HEBO3ZMOXHO. B HEKOTOpBIX ciyyasx
3TO OKa3bIBACTCSl COBEPILIEHHO HernpuemsiembiM. CremnoBaTebHO, Mbl JOJIKHBI PACIIMPUTh
Hally peaju3alMio 11abjioHa Visitor, 4ToObl amanTUpOBaTh “UMKIMYECKUI” 111a0JI0H
Vvisitor, npemnoxeHHslii rpynmnoit GoF. DTo Mo3BOIUT MOBBICUTH OBICTPOAECHCTBUE Ha-
1IEro MPUJIOXKEeHHUsI, TaK KaK B “LIMKIMYECKOM” 111a0JioHe Visitor He MCHoJb3yeTcs AUHa-
MUYECKOEe TIPUBENCHUE TUTIOB, XOTS MOMIEPKUBATh €TO TPYIHEE.

Pabora mab6nona visitor, npemioxenHoro rpymnmnoit GoF, yxe omnuchiBajgach B Hauaje
riaBbl. Huke mepevyucisiioTcsi OCHOBHBIE Pa3fiMuus MeXay “OObIYHBIM” 111a0JJ0OHOM Visi-
tor u mabsoHoM Acyclic Visitor, peanmnszoBaHHbIM B 6uGnnoreke Loki.

o Kiracc Basevisitor Oosblue He sIBIAsIeTCSI (PMKTUBHBIM. B HeM ormpenensieTcss ogHa
YUCTO BUPTYyajbHasl (YHKUMS-YJIEH Visit sl KaXI0ro MHCIEKTUPYyeMOoro Tuma (B
MPEANOJIOXKEHUM, YTO Mbl UCIIONb3YEM Teperpy3Ky (GpyHKIuii).
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o Dynkius AcceptImpl mokHa U3MeHUThbCA. B uaeane makpoc
DEFINE_VISITABLE() ocTaeTcst HEU3MEHHBIM.

Bce aT0 cBOIMTCH K cieaytolleMy. Y Hac ecTb HaOOp TUITOB, MOMJIEXAIUX UHCIEKTUPO-
BaHWIO: Harpumep, DocElement, Paragraph u RasterBitmap. Kak Bbipa3uth 3TOT HaboOp
TUMOB U MaHUMYJMpoBaThb ¢ HUM? ECTeCTBEHHO B 3TOT MOMEHT Ha YM MPUXOASAT CIIMCKU
TUTIOB, OTIMUCAHHbBIE B TJaBe 3.

CHycKY TUIIOB — 3TO UMEHHO TO, YTO HaM HYXHO. Mbl XOTUM MepeaaBaTh CIIUCOK TH-
MOB 1IabJJOHHOMY Kjaccy Cyclicvisitor B KayecTBe 1IA0JIOHHOIO mapaMeTpa, Kak Obl Io-
Bopst: “S1 xouy, 4yTOOBI JAaHHBINA Kjacc CyclicVvisitor MOr MHCIEKTUPOBaTh JAHHBIE TH-
nbl”. Caenatb 3TO MOXHO CJAEMYIOIIUM 3JIETAaHTHBIM CITIOCOOOM.

// HenonHoe obbABneHWe, HeobxoauMoe ANA CNUCKa TUNOB

class DocElement;

class Paragraph;
class RasterBitmap;

// VHcnekTupyeT knaccel DocElement, Paragraph u RasterBitmap
typedef Cyclicvisitor
<

void, // Tvn BO3BpaWaeMoro 3Ha4yeHus
TYPELIST_3(DocElement, Paragraph, RasterBitMap)

>

MyVisitor;

Knacc Myvisitor 3aBUCMT 1O UMEHM OT KJjaccoB DocElement, Paragraph wu
RasterBitmap.

I[TocMoTpuM, Kakue HOIIOJHEHMS HYXHO cAejaTh B HalleM Koxae. Mcmoiab3yeM mpo-
Lieaypy, ONMCAaHHYIO B IJ1aBe 9 Mpu omnpeneseHUMM 00OOIICHHON peanu3aliuu 1iabioHa
Abstract Factory.

// OnpepeneHne knacca Private::VisitorBinder<R>

// copepxuTcsa B danne Visitor.h

template <typename R, class TList>

class Cyclicvisitor : public GenScatterHierarchy<TList,
Private::visitorBinder<R>::Result>

{
typedef R ReturnType;
template <class Visited>
ReturnType Visit(visited& host)
Visitor<visited>& subObj = *this;
return subobj.visit(host);
3
};

Cnemyer OTMETMThb, YTO KJjacc CyclicVisitor ucmonb3yeT Kiacc Visitor B KayecTBe
CTPOMTENIBHOTO 0JIoKa. AHAJOTUYHBIN CITOCOO OBLT MPOJEMOHCTPUPOBAH B TjiaBe 3, a MoXo-
KU npuMep OblT paccMoTpeH B riaBe 9 Ilo cyuiectBy, Kiacc CyclicVvisitor HacnemyeT
KJIacc Visitor<T> Ui KaXI0ro TAma T, YKa3aHHOTO B CIHUCKE TList.

Ecnu nepenarp kiaccy Cyclicvisitor cnuMcok TUMOB, OH 3aBEPLIMT HacjelIOBaHUE OT
Kj1acca Visitor, KOHKpeTU3UPOBAHHOTO JUISI KOKIOTO TUIA, YKa3aHHOTO B JaHHOM CITHCKE,
00BSIBUB TAKUM 00pa3oM MO OJHON YUCTO BUPTYaTbHON (PYHKUMM Visit AJIsl Kaxaoro TU-
na. MHpiMu cioBamu, ¢ (yHKIIMOHAIBHON TOYKU 3pEHUsI OH 3KBUBAJIEHTEH 0a30BOMY KJac-
¢y Visitor, Kak 3To npeanuchiBaeT 1abioH Visitor, npemioxeHHblid rpynmnoit GoF.
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IMocne mepemMeHoBaHus kiacca Cyclicvisitor c momoiblo omneparopa typedef,
CKaxeM, B KJIacc MyVisitor, HamM oOcTaeTcsi JIMIIb TPUMEHUTb MaKpoc DEFINE_
CYCLIC_VISITABLE(MyVisitor)! B COOTBETCTBYIOLIMX MHCIIEKTUPYEMBIX KJaccax.

typedef Cyclicvisitor
<

void, // Tvn BO3BpawaeMoro 3Ha4yeHus
TYPELIST_3(DocElement, Paragraph, RasterBitMap)
>
MyVisitor;

class DocElement

public:
virtual void visit(Myvisitor&) = 0;
1

class Paragraph : public DocElement

public:
DEFINE_CYCLIC_VISITABLE(MyVisitor);
};

Bor u Bce! Kak m B kjaccuyeckoil peanusanuu 1nabioHa Visitor, NpemioXeHHOM
rpynmnoit GoF, HyXHO Jullb ObITh TUCHUIUIMHUPOBAHHBIM. OTIUYME 3aKII0YaeTCsl B TOM,
YTO Terepb BaM IMPUIETCS AepXaTh B TOJOBE HAMHOTO MeHble uHbopmauuu. s Toro
YTOOBI CleaTh UepapXvio MHCIEKTUPYEMON B paMKaxX peajM3allMu “IpocToro” 1abjgoHa
Visitor, Hy>KHO BBITIOJTHUTH CJIEIYIOIIME NECUCTBUSI.

e (CrenmaTh HEIIOJHOE OOBSIBICHUE BCEX KJIaCCOB, BXOIOAIIMX B UECPAPXUIO.

e Hanucare onepatop typedef mns kiacca CyclicVisitor, KOHKPETU3UPOBAHHOTO
TUMOM BO3BpAIllaEMOTr0 3HAYE€HUs] U CIHUCKOM WHCHEeKTUpyeMbiX TUMoB. (Hazosem
9TOT KJ1acc MyVisitor.)

e Ompenenuth B 6a30BOM KJIACCE YMCTO BUPTYAJIbHYIO (DYHKIIMIO ACCept.

e Jlo6aBuTh Makpoc DEFINE_CYCLIC_VISITABLE(MyVisitor) B KaXIblil Kjiacc ue-
papxuu WM pean3oBaTb GYyHKIMIO AcCcept BPYYHYIO.

e Cpenarb Kaxnablit KOHKPETHBIA MHCIIEKTOP HACJIECIHUKOM KJlacca MyVisitor.

e OOHOBISATH KOHKpETH3alMIO0 111abJOHHOTo Kjacca MyVisitor (omepatop typedef)
KaX/blii pa3, KOrja B MEPapXUi0 MHCIEKTUPYEMbIX KJIACCOB MO0ABISIETCS HOBBIN
KJ1acc, U — yBbl! — KOMIWJIMPOBATh €€ CHOBA.

Ilo cpaBHeHUIO C peanuzaiueit “oObIMHOrO” 11a0oHa Visitor o000IIeHHbIN Mmomxon Oonee
noHsiTeH. [TporpaMMUCTy HYXKHO JIMIIL CAaMOCTOSITEIbHO OIpPENesuTh Kilace MyVisitor.

C mpakTUYecKON TOYKM 3peHMs JIydllle HauMHaTh ¢ 1abnaoHa Acyclic Visitor, KoTopblii
Jierye TIOIEPKUBATh, a Ha 1A0JIOH Visitor ciiemyeT NnepexonuThb JUILb TOraa, KOrna OnTUMU3aLus
CTaHOBUTCS JNEMCTBUTEIbHO HeoOxomumoi. O000IEHHbIE KOMIIOHEHThI TMO3BOJISIIOT JIETKO 3KC-
MEPUMEHTUPOBATL — JJISI 3TOTO HYKHO M3MEHMTH JIMIIb OJHO OObsiBleHUe. OCTabHON KO OC-
TaeTcs 0e3 u3MeHeHus. Jletaau peanusanyy 1mabdoHa Visitor xpaHsrcs B oubauoreke. HyxHo
JIMITb HATAAUTh CBSA3b MEXIY KIMEHTOM M OMOJIMOTEKOM, YTOOBI MOMTYyYUTh AOCTYIT K JABYM Da3-
HbIM peaju3alusiM 1uabjaoHa Visitor.

1 Onpenenenne makpoca DEFINE_CYCLIC_VISITABLE(MyVisitor) comepxurcs B daitiae
visitor.h 6ubmmoreku Loki. — Ilpum. peo.
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10.6. OTnapka BapmaHTOB

[1a6goH Visitor uMeeTr MHOTO BapMaHTOB M HAacTpoeK. B 3ToM pasznene Mbl MOKaXeM,
KakK €r0 MOXHO MPUMEHSTh B COOCTBEHHBIX TTPUJIOXKEHUSIX.

10.6. 1. PyHkuns-10ByLLUKA

Ota ¢yHKuMs paccmarpuBaiach B pasnesne 10.2. Kiacc Visitor MoOXeT CTOJKHYTbCS C
HEM3BECTHBIM THUIIOM, MPOU3BOJHBIM OT 0a30BOro Kkjacca (Hampumep, KJIaccoM
DocElement). B atom ciyyae n11G0 KOMMUJISITOP BBIAACT cOOOIEHUE 00 olmoKe, J1ubo BO
BpeMsl BBITIOJHEHUS MPOrpaMMbl OyIyT MPOU3BENEHBI KaKUe-TO NEUCTBUS, MPEIyCMOTPEH-
HbI€ TI0 YMOJUYAaHUIO.

ITocMoTpyM, Kak pellaeTcsi 3Ta mpobieMa B pealu3alusax 11a0JoHOB Visitor um Acy-
clicvisitor c nomMoiibio 0000IIEHHBIX KOMITOHEHTOB.

Hns “obbryHOro” 1abdjaoHa Visitor cutyauus npocra. Ecau 6a3oBblii Kiiace Ballieil ne-
papxvuu BXOOWUT B CITMUCOK TUIIOB, MepeaaBaeMbiX Kjaccy CyclicVisitor, cyllecTByeT BO3-
MOXHOCTb peaiu30BaTh (HDYHKIIUIO-JIOBYLIKY. B TPOTMBHOM cilydyae BO3HMKHET OILIMOKA
KOMITWISIIMU. DTU ABE BO3ZMOXHOCTU WITIOCTPUPYIOTCS CJIEAYIOLINM KOIOM.

// HenonHole 06bABNEHUsA, Heobxoaumble WABNOHY “0bbMHOMY” Visitor
class DocElement; // Ba3oBbiM Knacc

class Paragraph;

class RasterBitmap;

class VectorizedDrawing;

typedef Cyclicvisitor
<

void, // Tvn Bo3BpallaeMoro 3Ha4yeHus
TYPELIST_3(Paragraph, RasterBitmap, VectorizedDrawing)
>
Strictvisitor; // Onepauuu nepexBaTa He NpeayCMOTPEHbI .
// Tpu NOMbITKE WHCNEKTUPOBAHUA HEU3BECTHOIro
// Tvna BO3HMKaeT ownbka KoMNUAAauuu
typedef Cyclicvisitor
<

void, // Tvn Bo3BpallaeMoro 3Ha4yeHus
TYPELIST_4(DocElement,Paragraph, RasterBitmap,
VectorizedDrawing)
>
NonStrictvisitor; // 0bbsaBnaeT dyHKuuwo Visit(DocElement&),
// KoTopas byaeT Bbi3bIBATbCA MPU MOMNbITKE
// NPOUHCNEKTUPOBATb HEWU3BECTHbIN TUM

Bce 310 moBosibHO MpocTo. Tenepb paccMOTPUM (DYHKIMIO-JIOBYIIKY B 000OIIEHHOMN peanu-
3auuu 1abjgoHa Acyclic visitor.

3aech MPUMEHSIETCSl MHTEPECHbI TpueM. XOTsl MO CYILIECTBY TepexBaT KacaeTcs WH-
CIEKTUPOBAHMSI HEM3BECTHOTO KJlacca M3BECTHBIM MHCIIEKTOPOM, TpobJieMa TepeBopaynBa-
€TCSI: HEM3BECTHBIN MHCIEKTOP MHCIEKTUPYET U3BECTHBIN Kiacc!

BepHemcs k peanuzauuu hyHKuMu AcceptImpl mis mabiaoHa Acyclic Visitor.

template <typename R = void>
class Basevisitable

KaK W paHblie

template <class T>
static ReturnType AcceptImpl(T& visited, Basevisitor& guest)
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if (visitor<T>* p = dynamic_cast<Visitor<T>*>(&guest))

{
3

return ReturnType(); // BHuMmaHue!

return p->Vvisit(visited);

}

};

HorycTtuM, MbI 100aBJIsSIEM B MEpapXyIo Kiacca DocElement Kiacc VectorizeDrawing, HU-
yero He cooOufasi 00 3TOM KOHKpPETHbIM WHcrekTtopaMm. [lpy morbITKe MPOMHCIIEKTUPOBATh
KJIacc VectorizeDrawing OIMHAMUYECKOE MpPUBEIEHME K TUIY Visitor<vectorizeDrawing>
3aBEpPILNTCS] aBApUITHO, TTOCKOJIBbKY KJlaccy Visitor HMYero He M3BECTHO O Kiacce Vectorize-
Drawing. CrienoBaTesibHO, KO aKTUBUPYET abTePHATUBHYIO MPOLEAYPY U BEPHET 3HAUEHUE THU-
rna ReturnType, IPeAyCMOTPEHHOE 10 YMOTUaHuto. IMEHHO B 3TOM MecTe BCTyMaeT B IEHCTBUE
(DYHKIMS-JIOBYILKA.

IMockonbky Haia yHkius AcceptImpl comepxXuT orepauuio return ReturnType(),
MpocTopa /ISl Bapualuii He ocTaeTcsl. 31ech caeayeT NMPUMEHUTh CTpaTeruio rnepexsara.

template

<

typename R = void.
template <typename, class> class CatchAll = DefaultCatchAll

>
class Basevisitable

{
Kak U paHblie
template <class T>
static ReturnType AcceptImpl(T& visited, Basevisitor& guest)

{
if (visitor<T>* p = dynamic_cast<Visitor<T>*>(&guest))
{
return p->Vvisit(visited);
1

// W3MeHeHue
return CatchAl1<R, T>::0OnUnknownvisitor(visited, guest);
}

};

Crparerusi CanchAl11 BrosHe coOTBeTCTBYeT TpeboBaHUsSIM 11abjioHa. OHa MOXET BO3-
BpallaTh 3HaYeHWE MO YMOJYAHUIO WM KOJ OLUMOKU, FeHEPUPOBATh UCKIIOUUTEIbHYIO CU-
TYalllio, BBI3BIBATb BUPTYAIbHYIO (DYHKIMIO-WICH [UISI MHCTIEKTUPYEMOTO OOBEKTa, THITaTh-
Cs1 BBITIOJIHATh AMHAMMUYECKOE MPUBEAEHUE TUMOB U T.A. Peanuzauusi GyHKMU Onunknown-
Visitor 3HAUUTENbHO 3aBUCUT OT HYXJ KOHKPETHOTO NPUJIOXKEHUSI. B HEeKOTOphIX ciydasix
HEOOXOAMMO, YTOObI MHCIIEKTUPOBAHUE ObLIO BBHIMOJIHEHO ISl BCEX TUIOB, BXOMSIIMX B Ue-
papxuio. B apyrux ciydasx 3T0 OTHOCUTCS JIMIIIbL K HEKOTOPBIM THUTIaM, a OCTaJIbHbIE MOKHO
npourHopupoBaTh. B peanuszanuu mabioHa Acyclic Visitor B OCHOBHOM MHpPUMEHSIETCS
BTOPOi1 MOMXO, TTO3TOMY 1O YMOJIYaHUIO cTparerust CatchAll umeer crneayromuii Bu.

template <class R, class Visited>

struct DefaultCatchAll
{
static R onuUnknownvisitor(Vvisited&, BaseVisitor&)
{
// 30eCb yKa3biBawTCA AENCTBUA, KOTOpble cneayeTt
// NPeAnpuHATb NPU HECOOTBETCTBUU MeXAY WHCMNEeKTOPOM W
// W WHCNeKTUpyembiM 06beKTOM. OObIYHO [OJIXHO
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// BO3BpawaTbCA 3HayeHue, 3ajJaHHOE MO YMOJYAHMUI0
return RQ;
}
};
Ecin HyXHO, 4TOOBI BBINOJHSUIMCH APYIME ACUCTBUS, JOCTATOYHO 3aMEHUTH 1IA0JIOH B
KJlacce Basevisitable.

10.6.2. HecTporoe nHcnekTtupoBaHue

JI1060i1 IporpamMMuCT XOTeJ Obl MMETh OBICTPbIE, HE3aBUCHMbIE U TMOKME WHCIIEK-
TOPbI, CIOCOOHBIE YUTATh €r0 MBICIU U OTJIMYaTh OOBIYHYIO OIIMOKY OT BBIHYXAEHHOIO
pemreHusi. C apyroil CTOPOHBI, MMPOTPAMMUCTBI — JIIOAM MPAKTUYHBIE, U ¢ HUMH MOXHO
JIOTOBOPUTHCS.

I'mbxocte cTpareruu CatchAl1 BbI3bIBaeT 3aBUCTh Yy MOJb30Bateei 1abaoHa Visitor,
npemioxeHHoro rpynmnoit GoF. Peanuzauust aroro 1absoHa BecbMa CTpora — OHa OOBSIB-
JITeT OMHY YMCTO BUPTYaJbHYIO (DYHKIIMIO JUIS KaXXIOro WMHCHEKTHpyeMoro tuma. Kaxmyio
neperpy3ky GyHKuMM Visit Hy>XHO BbIBOJMThH M3 Kjacca BaseVisitor M peajlu3oBbIBaTh
oTaenbHO. Eciii 3TO He chenarh, Kom He OyIeT KOMITMIMPOBAThCSI.

OpnHako MHOIJA UHCIEKTUPOBATh BCE TUIIbI, YKAa3aHHbIE B CIKMCKE, COBEPLIEHHO He 00s-
3arebHO. [IporpaMMHUCTBI XOTIT UMETh BHIOOD: JIMOO peasnu30BBLIBATh (GYHKIMIO Visit ms
KaXJ0ro THUIIa, JMOO aBTOMAaTUYECKM BBI3bIBATbH (PYHKIMIO OnUnknownVisitor ans cobcr-
BEHHOI peanu3anuu crpaternu CatchAll.

Hns Takux cutyauuii oubavoreka Loki mpemycMmaTpuBaeT kjiacc BasevisitorImpl. OH
SIBJIIETCSl TPOM3BOJHBIM OT Kjlacca BaseVisitor W MCIOb3yeT adanTUPOBAHHBIC CITUCKU
tunoB. Ero peannzanuio MoxHo HaiiTu B 6ubaunoreke Loki (daiin visitor.h).

10.7. Pe3iome

B rnaBe obGcyxpancs 1abjoH Visitor v cBiI3aHHbIe ¢ HUM Mpobjemsbl. [lo cyiecTy,
wabyoH Visitor nmo3BojsieT N00aBisITh BUPTyaldbHble (DYHKIIMM B MepapxXvio KiIaccoB 0Oe3
MonubuKaluu 3TUX KjaaccoB. B HeKoTophix ciayyasix uiabjgoH Visitor mo3BojsieT aenaTh
MpOTpaMMBbI 60Jiee ICHBIMU W THOKWUMH.

OpHako ¢ 1wabjJoHOM Visitor cBsg3aHO MHOro mpobseM. Jleao B TOM, YTO €ro MOXHO
MIPUMEHSTD JIUIID ISl OYeHb YCTOMYMBBIX MepapXuii KJIacCOB, IJIST OCTATbHBIX MepapXuii 3TO
c/lesaTh MPAKTUYECKU HEBO3MOXHO. B 3TOM cilydyae MOXHO BOCIOJIb30BaThCs 111a0JIOHOM
Acyclic Visitor, nmoxepTBoBaB 3()(HEeKTUBHOCTHIO TTPUTOXKEHUS.

Hcnonb3ys TiaTeabHO MPOAyMaHHbIE U CJIOXHBIE MPUEMbl, MOXHO CO31aThb 00OOIIEH-
HYyIO peayiM3aiuio 1abiaoHa Visitor. CoxpaHss NMpakTUYECKU BCE MPEeUMYIlecTBa 11abjJoHa
Vvisitor, ero o6o0lIeHHAas peaqn3alus Mo3BoIsIeT U30eKaTb MHOTMX MTPOOJIeM.

B KOHKpEeTHBIX MPUIIOKEHUSIX MOXET OKa3aTbCsl TOJe3HBIM 11absoH Acyclic Visitor,
MpaBjia, 3a CUET CHUXEHUs ObICTponeicTBUSI TporpaMmMbl. Eciu cKopocTh paGoThl MpUIIO-
JKeHUSI OYeHb BaXKHa, CJIEAYET UCIOIb30BaTh 00OOILEHHYIO peasn3aiuio 1abgoHa Visitor,
00JIeTYaoIILYI0 MOJIEPXKKY MPUIOXKEHUST (HY>)KHO KOHTPOJMPOBATh TOJIbKO OAMH KJIacC) U He
3aMEISIOLIYI0 KOMITUJISILIUIO.

O60061IeHHas1 peanu3alysli MCMOJb3yeT CaMble COBEPILIEHHbIE MPUEMbl MPOTPaMMMU-
poBaHMs Ha si3pike C++, TakMe KaKk TMHAMW4YecKOoe MPHUBEICHNWE TUTIOB, CITUCKU THUITOB
M YyacTUYHas crneluanusauus. B pesynbTaTe MOSIBASIETCS] BO3MOXHOCTDL BbIACJUTh Hau-
Oosiee oOlIME W TOBTOPSIIOLIMECS YacTW peaju3aluu 1abioHa Visitor B OTHENbHYIO
OMOINOTEKY.
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waosnoHa Visitor

Hnsa peannzanuu madioHa Acyclic Visitor ucnonb3yloTcs Kiacchl Basevisitor
(B KauecTBe (PMKTUBHOTO 0a30BOro kjacca), Visitor u visitable.
class Basevisitor;

template <class T, typename R = void>
class visitor;

template
<
typename R = void,
template<class, class> CatchAll = DefaultCatchAll
>
class Basevisitable;

Bropoii 1mabsoHHbIN TapaMeTp Kjacca Visitor M mepBblil 11a0JOHHBIN TTapaMeTp
Ki1acca BaseVisitable 3amaioT TUI 3HAYeHWiI, BO3BpalllaeMbIX (QYHKLUSIMU-
yjaeHaMu Visit u Accept, coorBercTBeHHO. [lo ymomuanuio 3To — tin void (kak B
OOJIBILIMHCTBE MTPUMEPOB, MpuBeaeHHbIX B KHUTe GOF (2000), u onucanuii madioHa
visitor).

BropbeiM 111a6JJOHHBIM TTapaMeTpoM Kjacca BaseVisitable siBiaseTcs cTpaTerusi me-
pexsara (pazaen 10.2).

OCHOBY MHCHEKTUPYEMOIl MepapXuu CJeayeT BbIBOOUTH M3 Kilacca BaseVisitable. 3a-
TEM CJIeMyeT MPUMEHSTh MaKpoc DEFINE_VISITABLE() B KaXJOM KJlacce MepapXxuu Wiv
MPEeIyCMOTPETh COOCTBEHHYIO pean3aiuio hyHKIMM Accept (Basevisitors&).

KoHKpeTHBIE MHCIIEKTUPYIOIINE KJIACChl ClieayeT BHIBOAUThL M3 Kilacca Basevisitor.
Kpome Toro, mx MOXHO BBIBOAUTbH U3 Kjacca Visitor<T> IJsl KaXJA0ro MHCIEeKTHU-
pyemMoro Turma T.

Hdnsa “o0blyHOrO” 11ab70HA Visitor cieayer MpUMEHsSTHh 11aOJOHHBIN Kjacc Cy-
clicvisitor:

template <typename R, class TList>

class Cyclicvisitor;
HMHcnekTupyemble TUITBI HYXKHO YKa3bIBaTh B IIA0JIOHHOM apryMeHTe TList.

Kmacc Cyclicvisitor MOXHO HCIIOJIb30BaTh HApaBHE C KIACCMYECKMM KJIACCOM
Vvisitor.

Ecmu HyXHO peanu3oBaTh JIMIIL OTAEIBHYIO YacTh ImabjoHa Visitor (HecTporuit
BapyaHT), MepapXuio MHCIIEKTOPOB CJIEAYyeT BBIBOAMTH M3 Kiacca BasevisitorImpl.
DTOT KJIacc peaqusyeT Bce Meperpy3kKr GYyHKIMM Visit, HeOOXOMMMBIE UIST BbI30Ba
dyHkMM OnunknownVvisitor. YacTh 3TOTO Kjlacca MOXHO 3aMelllaTh COOCTBEHHBIMU
byHKUIMSAMU.
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MYJIbTUMETObI

B oT0i1 r1aBe onpenessitoTcsi, 00CYXAAI0TCS U pealu3yioTcsl MyJbTHUMETOIbl B KOHTEKCTE
s3pika C++.

MexaHu3M BUPTYaldbHBIX (YHKIUI B s13bike C++ MO3BOJISIET MTPOU3BOAUTE AUCTIETUEPU-
3aIMI0 BbI30Ba B 3aBUCUMOCTH OT ITWHAMUYECKOTO THITa 00BbeKTa. MyJIBTUMETONbI MpeaHa-
3Ha4YeHbl VISl AMCMEeTYEpU3allUU BbI30Ba (DYHKIMU B 3aBUCUMOCTU OT THUIIOB HECKOAbKUX
00beKTOB. 151 YHUBEpCaTbHON pealmn3aliiy si3blka HeoOXOomMMa CIieliMaibHas TMoaaepxkKKa.
MmenHo Tak ocyuiectsisietcs: peannzanus s3bikoB CLOS, ML, Haskell u Dylan. OnHako B
sa3bike C++ Takoi MommaepKKu HET, TTO3TOMY €T0 SMYJISIINUS OCTaeTCs B KOMITIETEHIIMU pa3-
paboOTYMKOB OMOJIMOTEK.

B raBe oGCyXmaroTcsl TUMMMYHBIE PEIIeHUST 1 HEKOTOpbIe 000OIIeHHbBIE peaTnu3alnuy Ka-
JKAOTO U3 HUX. DTU peuleHUs MPeNCcTaBIsiioT co00il pa3Hble KOMITPOMUCCHI MEXIy ObICTPO-
NEHACTBUEM, TMOKOCTBIO W YIPaBJIEHUEM 3aBUCUMOCTAMU. YTOOBI omucaTh CIIOCOO AMCTIET-
yepu3alMu BbI30Ba (PYHKIHUM B 3aBUCMMOCTU OT HECKOJbKUX OOBEKTOB, MbI MCIOJb3YeM
TepMUH myasmumemod (multimethod), mozanmcrBoBaHHbINM Yy si3bika CLOS, u mHodcecmeeH-
Has ducnemuepusayus (multiple dispatch). B yacTHOCTHM, MHOXECTBeHHasl AMCIIETYCPU3ALNS
IUIs1 ABYX OOBEKTOB Ha3bIBaeTCs d6ouiHol duchemuepusayueti (double dispatch).

Peanuzaiiuss MyJbTUMETONOB — 3TO YPE3BbIYAMHO CIIOXHAsi M YBjIeKaTeJlbHasl 3ajaua,
JIMILMBIIAS] CHA Y [TOKOSI MHOTHMX pa3pa0OTYMKOB U IIPOrPaAMMUCTOB. !

B rnaBe paccMmarpuBaloTcs caeaylole BOMpoChI.

L OHPEZ[CJ'ICHI/IC MYJIBbTUMETOOB.

e UpmeHTudukanus CUTyalMii, B KOTOPHIX HEOOXOAMMO IPUMEHSTH IOJUMOPGU3IM
MYJIBTHOOBEKTOB.

L4 O6Cy}KIICHI/IC n pajimsalusa TpeExX JBOMHBIX JUCIIETYCPOB, IMPCACTABIAIOLINX BOILIO-
HICHUA Pa3HbIX KOMIIPOMUCCOB.

L yCOBCpLHCHCTBOBaHI/IC MEXaHu3Ma JBOMHOM JUCIETYEPUALIUU.

[TpounTtaB 3Ty IIaBy, Bbl JETKO CMPAaBUTECh C TUMMMUYHBIMU CUTYAIIUSIMU, BBIHYXAAIOIIU-
MM TIPUMEHSITh MYJbTUMETOAbl. KpoMe TOro, Bl CMOXeTe WCIO0Ib30BaTh U PaclIMpsTh He-
KOTOpbIe Ha/leXHble 0000IIEHHbIE KOMIIOHEHThI, MpeaocTaBlIeHHble 6ubnauorekoit Loki, Ko-
TOPbIE PEATU3YIOT MYJIbTUMETOIBI.

MpbI orpaHUYMMCSI OOCYXXKIEHWEM MYJbTUMETONOB JJIsl IBYX OOBEKTOB (JBOMHAsI AUCIIET-
yepuzauusi). OBlageB 3TOW METOAMKON, BbI CMOXETE CaAMOCTOSITEIbHO PACIpPOCTPAHUThH €e

1 Ecnu Bam He yIacTcs peaJn30BaThb MYJIbTUMETOLbI, paCCMaTPUBAMTE 3Ty IJIaBy B KayeCTBE CHO-
TBOPHOI'O CpE€ACTBA, XOTA s HaACIOCh, YTO OHA HE obnanaer YCBIITALIUM 3(1)(1)€KTOM.



Ha JI000¢ KOJIMYECTBO O0BeKTOB. OOHAKO B OOJBIIMHCTBE CUTyalldii MOXHO OOONTHUCH
JIBOMHOW AMCIIeTYepU3alueii, HEIMOCPEACTBEHHO BOCIOJIb30BaBIINCh OubMoTekoit Loki.

11.1. Y710 Takoe mynbTmeToAbI?

B sa3bike C++ moaumopdusM, Mo CyLIECTBY, O3HAYaeT, YTO BbI3OB JaHHOW (YHKIIMU
MOXET OBbITh CBSI3aH C PA3HBIMU peaM3alUMsIMU, B 3aBUCMMOCTU OT CTaTUYECKOTO WJIU Iv-
HaMUYeCKOro KOHTEKCTa.

B si3pike C++ peanusoBaHbl 1Ba TWMa NojJuMopdusmMa.

e Cratuyeckuii monumopdusm (compile-time polymorphism), ocyiecTBiaseMblit ¢ Mo-
MOLIBIO TIEPETPY3KU U IIAGIOHHBIX (PYHKIIUIA. 2

e JluHamuueckuit monuMopdusm (run-time polymorphism), peasnsyembiii BUPTyalib-
HBIMU (DYHKLMSIMU.

ITeperpyska — 3TO MpoCTOi BUI MOJAMMOPMU3MA, TO3BOJSIIOIIMNI HECKOJIbKUM OJHO-
MMEHHbIM (YHKIMSAM CYIIEeCTBOBaTh B ONHOW M TOM ke obnacth BUAMMOCTU. Eciu atu
(byHKIIMM UMEIOT pa3Hble CMUCKM MapaMeTPOB, KOMIUJISATOP MOXET pa3jinvyaTrh UX BO BpeMs
komnwisiuvu. [leperpyska mpeacrabiseT coO0OM YAOOHYIO CHMHTAaKCHYECKYI0 KOHCTPYKIIUIO,
MO3BOJISIIONLYIO COKPATUTh TEKCT MPOrPAMMBI.

[Ia6aoHHbIE (YHKIUU SIBJISIOTCSI OCHOBOI CTAaTMUECKOTO0 MEXaHU3Ma JUCIeTYepu3alluu.
OHU OCYUIECTBJISIIOT 00Jiee CIOXHbBIN CTaTUUECKUN MOJTUMOPGHU3M.

Hms BUpTyasnbHOM (DYyHKIIMU CBSI3bIBAETCSI C €€ KOHKPETHOM peajin3aleil BO BpeMsl Bbl-
MOJHEeHWS MPOTrpaMMbl B 3aBUCMMOCTU OT AMHAMUYECKOTO TUMA O0BEKTa, K KOTOPOMY OHa
MPUMEHSIETCS.

[MTocmoTpuM, Kak MacIITAOMPYIOTCS OTU TPU BUIA MOJMMOpdU3Ma A1 HECKOJIBKUX 00b-
eKTOB. JIJ1s1 meperpyKeHHbIX W LAOJOHHBIX (GYHKUMNA 3TO NPOMCXOAUT BIOJHE €CTECTBEHHO.
O6a MexaHM3Ma JOMYCKAIOT MCIOJIb30BAHWE HECKOJIbKMX TMapaMeTpoB, a BbIOOp (YHKIUU
MPOW3BOAUTCS HA OCHOBE 3aITyTaHHBIX CTATUYECKUX MPaBUJIL.

K coxaneHuto, BUpTyajdbHble (DYHKIIMM — EIUHCTBEHHBIH MEXaHU3M, DPEATU3YIOLINI
IUHaAMUYecKuit moauMopdusm B s3bike C++, — MOryT paboTaTh TOJBKO C OJHUM OOBEK-
TOM. Jlaxke CMHTaKCUC BbI30Ba BUPTYaIbHON (PyHKUUM — obj.Fun(apeymenmsl) — oTaaeT
npeanouyTeHne oobekTy obj mepen aprymeHtamu. (PakTuyecku oObeKT obj siBasieTcs IuUIIb
OIHUM M3 apryMeHTOB (PYHKIMU Fun, JOCTYN K KOTOPOMY OCYIIECTBJISIETCSI C IOMOIIbIO
ykazatenst *this. B s3bike Dylan, HanpuMep, ornepartop “Touyka” sIBJsIeTCS JIMIIb OOHUM M3
MHOTUX KOHKPETHBIX BOILJIOIIEHUI OOIIEro MexaHn3Ma Bbi3oBa (hyHKIIMM.)

Mpb1 OyzieM HasblBaTh MYAbMUMENOOAMU, VTN MHONCECMBEHHOU Oucnemyepusayuell, MEXaHu3M,
CBSI3BIBAIOIINI BBI30OB C Pa3HBIMU KOHKPETHBIMU (DYHKIIMSIMU B 3aBUCIMOCTU OT JMHAMUYECKUX
TUIIOB HECKOJIbKUX OOBEKTOB, YUACTBYIOLIUX B BbI30Be. [TOCKONbKY CTaTUYECKUT MYJbTUOOBEKT-
HbI/ TOTMMOPGU3M YK€ CYIIECTBYET, OCTAETCSI TOJIbKO Peain30BaTh €ro JMHAMUYECKUI aHAJIOT.

11.2. Korpga Hy)XXHbl MYJIbTUMETOAbI

OrnpenenuThb, KOraa caeayeT MCIONb30BaTh MYJIBTUMETOIbI, OUeHb TTpocTo. JomycTuMm, B
MporpaMMe ecTh orepalusi, MaHUMYJIUPYIOLIash HECKOIbKUMU MOJIUMOPMHBIMU 0ObEKTaMU

2 ABTOMATUYECKOE IPEOOPAa30BAHME TUIIOB MOXHO ObUIO 6bl KBAIM(ULIMPOBATh KAK MPOCTEHILIMIT BUI
Mo IMMOpGM3Ma, TTOCKOJIBKY OHO, HallpyMeEp, MO3BOJISIET BBI3BIBATH (PYHKIMIO SiN::Sin ¢ mapameTpoM,
VIMEIOIIUM THIT 1Nt, XOTS M3HAYAIBHO MapameTp 31oil ¢pyHKkumu nmeet tun double. OmHako 5T0 MHUMBIA
noaMMopdu3M, TTOCKOJIBKY K TlapaMeTpaM 00OMX TUTIOB MTPUMEHSIETCSl OHA U Ta e (DYHKIIMSI.
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C TIOMOIIBIO yKa3zaTesiell WM CChIJIOK Ha uX 0a3oBble Kiacchl. HeobxoguMo moaudunimvpo-
BaTh OMEPaLMIO B COOTBETCTBUU C TMHAMUYECKUMU TUIIAMU 3TUX OOBEKTOB.

CronkHoBeHuUs (collisions) MpeAcTaBasIOT OO0 TUMTMYHYIO KaTeropuio MmpoodyieM, KOTo-
pBbIe JIy4yllle BCEro peuiaTh ¢ MOMOILLIbIO MYJIbTUMETOAOB. [1peanonoxum, 4To Mbl pa3padaTbi-
BaeM BUIEOUTPY, B KOTOPOHW ABMKYILIMECS OOBEKTbl BBIBOASTCS M3 aOCTPAKTHOTO Kjacca
GameObject. Ham xotesnoch Obl, YTOOBI MX CTOJKHOBEHWE 3aBHCEJIO OT TUIIOB CTAJIKABAIO-
IIUXCSI OOBEKTOB: KOCMMYECKOTO KOpalJisi ¢ acTepouaoM, KOpabysi ¢ KOCMUYECKOUN CTaHIM-
€il WIK acTepoua co CTaHIueil.?

[omyctiM, 4To MBI XOTMM BBIAESTh OOIACTM MEPEKPBITUST JBYX HAPUCOBAHHBIX OOBEKTOB.
Hanwuiiem nporpammy [uisi pucoBaHMSI, TTO3BOJISIIONIYIO TTOJTb30BATENO OMPEAETSITh MPSIMOYTOJTb-
HMKM, KPYTH, SJUIMIICHI, MHOTOYTOJbHUKU M ApYrue (urypbl. B oCHOBY pa3paboOTKu IONOXUM
KJIACCMYECKNI OOBEKTHO-OPUEHTHMPOBAHHBIN TOIXOM: OTpeae/ MM aOCTpakTHBIN Kiacc Shape u
BbIBEIEM BCE€ KOHKPETHbIE (hUTYpbl U3 HEro. 3aTeM OyleM YIpaBisTh PUCOBAHUEM C TTOMOIIbIO
Habopa ykazatesieil Ha 00BbeKTbI, TIPOU3BOAHBIX OT Kjlacca Shape.

TyT K HaM MOAXOAUT KJIMEHT W TMPOCUT MPEayCMOTPETh Clelylollee: eciid ABe (Urypbl
repeceKkyTcsi, 00J1acTh UX MepeceuyeHusi HyXKHO HapucoBaTh MHauye, yeM caMu (bUryphl, Ha-
npumep, 3amrpuxosarhb (puc. 11.1).

Puc. 11.1. llImpuxosxa nepeceuenus dgyx gueyp

Pazpabotarh 0MH ajaropuMTt™, 3alTPUXOBBLIBAIOLIUI 000 NepeceueHue, caoxHo. Ha-
MpUMEpP, aJTOPUTM JUISl LUITPUXOBKU TIEPECEYCHUST DJIIUMICA W TIPSIMOYTOJIbHUKA HAMHOTO
CJIOXKHee, YeM aJroOpuTM JJIsl IUTPUXOBKM IE€PECcCeueHMs] IBYX MPsIMOYroJibHUKOB. Kpome
TOTO, Ype3MEepPHO OO AJIropuTM (Hampumep, Ha ypoOBHE pabOThl C THUKCENsIMU) Oyaer
CIMIIKOM He3(h(EKTUBEH, MOCKOJAbKY HEKOTOpble TMepeceueHUsl (CKaXeM, IBYX MpPSIMO-
YTOJIbHUKOB) TPUBUAJIBHBI.

3aech HyXeH HabOp aJIropMTMOB, CHELMATU3UPOBAHHBIX JJIs1 KaxXIoi mapbl ¢Guryp, Ha-
MPUMEP, MPSIMOYTOJIbHUK-TIPSIMOYTOJIbHUK, MPSIMOYTOJIbHUK-MHOTOYTOJTbHUK, MHOTOYTOJIb-
HUK-MHOTOYTOJIbHUK, 3JUIMIC-MHOTOYTOJbHUK W JJIUIIC-3JUIMIIC. B Xxome BbIMOJHEHUS
MpOrpaMMbl, KOTIa TOJb30BaTelb MepeMelniacT (Gurypbl Mo 3KpaHy, HYXHO BbIOpaTh Ipa-
BWIbHbII aJIFOPUTM, KOTOPBIA Obl 3aKpaliuBai repeceyeHre Guryp 10CTaTouHO ObICTPO.

[Mockonbky MaHuTyASUM (UTYpaMM OCYILIECTBISIOTCS C TIOMOIIBIO yKasaTesieli Ha
kiacc Shape, y Hac HeT MHGOPMaLIMKU O TUMAaX OOBEKTOB, MO3BOJISIIOLIEN BHIOUPATh HY>KHbBII
anroput™. [lpuaercs paboTtath TOJABKO € yKazaTeasiMu Ha Kiacc Shape. I1ockonbKy B Kax-
JIOM TIEPEeCeYeHUU YYacTBYIOT JBa 00bEKTa, MPOCTble BUPTYaibHbIe (DYHKIIMM HE pellaT Ha-
my 3agavy. Crenyer NpUMEHUTh ABOMHYIO TUCTIETYEPU3ALIMIO.

3 DTOT MpUMep M MMeHa TMO3aMMCTBOBaHB M3 KHuMTH CKoTTa Meitepca “More Effective C++”
(1996a), zamaya 31.
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11.3. [1BOHOE nepekKJiloyYeHue Nno Tuny: rpyobi noaxon

IIpoie Bcero peann3oBarh IBOWHYIO TMCMETYEPU3ALMIO HA OCHOBE ABOWHOIO MEPEKIIIO-
yeHust o tuny (double switch-on-type). JIJiss 3TOro Hy>XHO MOMBITATHCS TMOCAEA0BATETBHO
BBIMOJIHUTH AMHAMUYECKOE MPUBEIEHUE TUIA MEePBOro 00bEKTa K KaXIOMY M3 TUIOB 00b-
€KTOB, KOTOPbIE MOTYT CTOSITh B JIEBOW YacTW BbIpakeHUs. JJisi KaXa0il BETBU HYXXHO Clie-
JIaThb TO € CaMO€ CO BTOPbIM apryMeHToM. [locjie oOHapy>XKeHMs! TUIOB ISl 000UX O00BEK-
TOB CTAHOBUTCS SICHO, KaKyl0 (DYHKIIMIO CJIeyeT BbI3BaTh.

// Pa3Hble anropuTmbl 3aKpacku nepeceyeHuns puryp
void DoHatchAreal(Rectangle&, Rectangle&);
void DoHatchArea2(Rectangle&, Ellipsed);

void DoHatchArea3(Rectangle&, Poly&);

void DoHatchArea4 (ElTipse&, Poly&);

void DoHatchArea5(ETTipse&, Ellipsed);

void DoHatchArea6(Poly&, Poly&);

void DoubleDispatch(Shape& 1hs, Shape& rhs)
if (Rectangle* pl = dynamic_cast<Rectangle*>(&1hs))

if (Rectangle* p2 = dynamic_cast<Rectangle*>(&rhs))
DoHatchAreal(*pl, *p2);

else if (Ellipse p2 = dynamic_cast<Ellipse*>(&rhs))
DoHatchArea2 (*pl, *p2);

else if (Poly p2 = dynamic_cast<Poly*>(&rhs))
DoHatchArea3(*pl, *p2);

else
Error ("HeonpeaeneHHoe nepeceyenue');

}
else if (Ellipse* pl = dynamic_cast<Ellipse*>(&1hs))
{
if (Rectangle* p2 = dynamic_cast<Rectangle*>(&rhs))
DoHatchArea2 (*p2, *pl);
else if (Ellipse* p2 = dynamic_cast<ElTlipse*>(&rhs))
DoHatchArea5(*pl, *p2);
else if (Poly* p2 = dynamic_cast<Poly*>(&rhs))
DoHatchAread4 (*pl, *p2);
else
Error ("HeonpeaeneHHoe nepeceyenue');

}
else if (Poly* pl = dynamic_cast<Poly*) (&1hs))

{
if (Rectangle* p2 = dynamic_cast<Rectangle*>(&rhs))
DoHatchArea2 (*p2, *pl);
else if (Ellipse p2 = dynamic_cast<Ellipse*>(&rhs))
DoHatchAread4 (*p2, *pl);
else if (Poly* p2 = dynamic_cast<Poly*>(&rhs))
DoHatchArea6(*pl, *p2);
else
Error ("HeonpeaeneHHoe nepeceyenue');
}
else
{
Error ("HeonpeaeneHHoe nepeceyenue');
}

}
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Hanmo xe! Okazanoch, 1OCTaTOYHO HECKOJIbKUX CTPOK. OUeBUAHO, YTO TOMOOHBINA Tpy-
ObIil MOIXOA BBIHYXIAET HAC MucaTh OOJbIIOE KOJMYECTBO BHEIIHE TPUBUAIBHBIX KOIOB.
Takyio mayTMHY M3 YCJIOBHBIX OIEpPAaTOPOB MOXKET CIUJIECTH Jito0oit mporpammuct. Kpome
TOTO, 3TO pelleHUE OKa3bIBAETCsl AJOCTATOYHO I(DGHEKTUBHBIM, €CIU KOJUYECTBO KJIACCOB HE
ciuikoM Bennko. DyHkims DoubleDispatch BBIMOMHSICT IMHEWHBIM MOMCK BO MHOXKECTBE
BO3MOXHBIX TUTOB. [TOCKOJbKY MOMCK pa3BopaurBaeTcsl (MporpaMma CoAepKUT MOocC/eI0Ba-
TEJILHOCTh OIEepaTopoB is-else, a HE LUMKI), UIST HEOOJBbIIMX MHOXECTB aJrOpuUTM OyaeT
paboTaTh JOCTAaTOYHO OBICTPO.

I'pyObIii moaxom mopoxaaeT HempueMaeMblid pa3Mep TiporpaMmbl. [Ipu GosbiioM Komu-
YEeCTBE KJIACCOB MPOrpaMMy CTAHOBUTCSI HEBO3MOXHO MONAEPXWBaTh. [IpvBEIeHHDIN BbIlle
KOl paboTaeT JUIllb C TpeMsl KjiaccaMu, HO yXe MMeeT 3HauuTeIbHbIi pa3mep. C yBennue-
HUEM KOJINYECTBA KJIACCOB pa3Mep KoJa BO3pacTaeT Mo KBaApaTUYHOMY 3aKoHy. [IpenctaBb-
Te cebe 2Ty MporpaMmmy, ecjiu uepapxust coctout u3 20 kmaccos!

Bropas mpobGiema 3akiioyaeTcsi B TOM, 4YTO peanu3anus ¢GyHKUMM DoubleDispatch
JIOJKHA UMETh MH(MOPMAIIMIO O CYIIIECTBOBAHUM BCEX KJIACCOB, BXOASIIUX B UEPAPXUIO.

Tpetuii HemocTatok (GyHKIMKM DoubleDispatch 3akioyaeTcsi B TOM, UTO MOPSIOK Cie-
JIoBaHUsI oreparopoB if mMMmeeT Oosbliioe 3HaUEHUE. DTO OUYEHb CJIOXHAS M OMacHasl Ipo-
o6n1ema. BooGpasurte, HalpuMep, YTO U3 Kilacca Rectangle BbIBoguTCs Kiiacc RoundedRec-
tangle (IpSIMOYTOJIBHUK C 3aKPYIJIEHHBIMU yrjlaMu). Mbl penaktupyeMm ¢GbyHKuuio Double-
Dispatch, BcTaBisisl NOMOJHUTEIbHBIE Oneparopel if B KOHEL KaXIoro omnepartopa is-
else, HEMOCPENCTBEHHO Tiepe/l BbI30BOM (hyHKLMU Error. Bor u omubkal

Ecnu ¢yHkiuu DoubleD1ispatch mepenmaercst ykasareib Ha kjiacc RoundedRectangle,
ornepatop dynamic_cast<Rectangle*> BblnojHseTcsl ycnenrHo. [TockonabKy 3Ta mpoBepka
BBIMOJIHSIETCST 10 MpoBepku dynamic_cast<RoundedRectangle*>, TiepBasg IpoBepKa
“mporiiotut” M Kiacc Rectangle, u kinacc RoundedRectangle. Bropasi mpoBepka cTaHO-
BUTCSI U3JIUIIHEH. BOTBIIMHCTBO KOMIUJISITOPOB 3TO COBEPLIEHHO HE BOJIHYET.

OTU TPOBEPKU CJIeAyeT HEMHOTO U3MEHUTb.

void DoubleDispatch(Shape& 1hs, Shape& rhs)
if (typeid(lhs) == typeid(Rectangle))
{
Rectangle* pl = dynamic_cast<Rectangle*>(&1hs);

}

else

}

Tenepb npoBepka BHIMOJHSETCS TOJBKO MJISI TOYHOTO TUMA, a HE U1 TOYHOTO WJIU MPOU3-
BogHoro. CpaBHeHUe typeid BbLAACT OTpUIIATENIbHBIN pe3y/bTaT, €Ciiv yKazaTesab 1hs cchi-
JaeTcsl Ha oObeKT Kiaacca RoundedRectangle, mo3ToMy IpOBepKU OyAyT IpPOAOKEHBI.
B utore nmposepka typeid(RoundedRectangle) OyleT BbIMOJHEHA YCIICIIHO.

VBbI, MCNpaBIIsisl OMH HEIOCTATOK, MbI co3maeM Jpyroii: (yHkiust DoubleDispatch craHo-
BUTCS CJIUIIIKOM >KecTKol. Eciu B Heil He TipeaycMOTpeH Kakoi-HUOYIb TUIT, ECTECTBEHHO OXU-
Jath, yTo (yHKIMs DoubleDispatch cpaboTaet Ha GimkaiiieM K Hemy 6a3oBoM Ture. MIMeHHO
Ha 3TO Mbl OOBIYHO PACCUMTHIBAEM — 10 YMOJUAHWIO TIPOM3BOAHbBIE OOBEKThI TTPEACTARISIOT CO-
Ooli 6a30BbIE OOBEKTHI, 32 UCKJIIIOYEHUEM HEKOTOPBIX 3aMeIIeHHbIX CBOMCTB. [Ipobnema 3akimo-
YaeTcsl B TOM, 4To peanv3auust ¢pyHKuMM DoubleDispatch Ha ocHOBe oneparopa typeid aToit
BO3MOXHOCTbIO He oOsamaet. Otcroma ciemyeT, uyTo B (hyHKiMu DoubleDispatch HyXHO Tmo-
MPEXHEMY MCIOJIb30BaTh onepatop dynamic_cast M ynopsimouyuTb MpoBepku 1if, ytoObl Haubo-
Jiee aJiekre TTIOTOMKHM 0a30BOro Kiacca 00padaThiBaIvCh MEPBbIMU.
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Tax Bo3HMKAIOT ellle [Ba HeAOCTaTKa rpybOro moaxoaa K peajn3aiusM MYJIbTUMETONOB.
Bo-nepBhix, 3aBucUMOCTh (yHKIIMM DoubleDispatch oT uepapxuu kiacca Shape yBeanyu-
BaeTcsi — (YHKIMS JAO0DKHA 3HATh HE TOJIBKO O CYIIECTBOBAHMU KJIACCOB, HO U 00 MX B3au-
MOOTHOIIEHUSIX. BO-BTOpBIX, MOAAEpKKa COOTBETCTBYIOIICH CHCTEMaTU3alluyd JWHAMUYE-
CKUX MPUBENEHUI TUIIOB CBs3aHa C JOMOJHUTENbHOM HArpy3Koii.

11.4. ABTOMaTU3UPOBAaHHbIN rpyobIN Noaxon

ITockonbKy B HEKOTOPBIX CUTyaUMsIX ObICTpOAEWCTBUE TIpyOOro MomxoAa OKa3bIBaeTCs
HETPEeB30IIEHHBIM, UMEET CMBICJI PEaIN30BaTh TAKOU AUCTIETUYEp.

HamomHumMm, uto B 6ubauoreke Loki onpeaeneHbl CIUMCKU TUIIOB — HAOOPBI CTPYKTYp U
CTaTUYECKUX aJTOPUTMOB, MO3BOJSIOIIUX MAHUIIYJIMPOBATh KOJUIEKLIMSAMUA TUMOB. ['pybas
peanuzanusi MyJbTUMETOJOB MOXET MCIOJIb30BaTh MPEJOCTABICHHbIN MOJIb30BaTEIEM CITH-
COK TMIIOB, B KOTOPOM TEPEeUMCIeHbl KJIacChl, BXOISIIME B MEPAPXUIO (B HAlllEeM MpUMeEpe —
Kiaccel Rectangle, Poly, ET1ipse u np.). 3aTeM peKypCUBHBIN 111a0JOH MOXET T€HEPUPO-
BaTh MOCJEN0BATENBHOCTb OrnepaTopoB if-else.

B obuiem ciiyyae Mbl MOXeM pabOTaTh ¢ Pa3HBIMM KOJUIEKIIUSIMUA THUIIOB, TMO3TOMY CITMCOK
TUIIOB JIJIS1 JIEBOTO OIEPaHIa MOXKET OTJIMYAThCS OT CIIMCKA TUIIOB LISl TIPABOTO OIMEpaH/a.

[MTonmpobyem HabpocaTh 111abJOHHBIN Kiaacc StaticDispatcher, BBIMOJHSIONIMIA airo-
PUTM BBIBOZA TUIIOB M BBI3bIBAIOIIMI (DYHKIIMIO U3 IPYTOro Kjiacca.

template
<
class Executor,
class BaselLhs,
class TypesLhs,
class BaseRhs = BaselLhs,
class TypesRhs = TypesLhs,
typename ResultType = void
>
class StaticDispatcher
{
typedef typename TypesLhs::Head Head;
typedef typename TypesLhs::Tail Tail;
public:
static ResultType Go(BaseLhs&, BaseRhs&,
Executor exec)

if (Head* pl = dynamic_cast<Head*>(&1hs))

{
return StaticDispatcher<Executor, BaselLhs,
TypesLhs, BaseRhs, TypesRhs, ResultType >::DispatchRhs(
*pl, rhs, exec);
}
else
{
return StaticDispatcher<Executor, BaselLhs,
Tail, BaseRhs, TypesRhs, ResultType >::Go(
Ths, rhs, exec);
}
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Krnacc staticDispatcher ycrpoeH HOBOJBHO MPOCTO. YUYUTHIBASA CAOXHOCTb 33Ja4M, KOTO-
pPYIO OH pEelIaeT, pa3Mep €ro Koja yIUuBUTEIbHO MaJl.

Kinacc staticbispatcher umeer mects mabaoHHBIX MapameTpoB. Kiacc Executor — st
TUTT 00BEKTA, BHITIOJHSIONIETO peabHyI0 paboTy, — B HallleM TIpPUMepe OH 3aKpallnBaeT 00J1acTh
niepeceueHusi puryp. Ero BHyTpeHHee yCTpOICTBO Mbl pACCMOTPUM HEMHOTO TTO3/IHEE.

Knaccel BaseLhs u BaseRhs mpeactaBisitoT coboil 6a30Bble TUIIBI apTYMEHTOB JIEBOTO U
MPaBoOro OMepaHA0B COOTBeTCTBEHHO. Kiaccel TypeLhs u TypeRhs — 3TO CIHMCKM THUIIOB,
COCTOSIIIIE U3 BO3MOXHBIX TTPOU3BOIHBIX KJIACCOB JUISl 3TUX ABYX apryMeHToB. [lo ymosua-
HMIO KJIacChl BaseRhs M TypesRhs peajusyloT aucrieTyep Uil TUIIOB, BXOASIIMX B OAHY U
Ty Xe Mepapxulo, Kak B MporpamMme JIJisi pucOBaHUS.

Kracc ResultType — 3T0 TvN pe3ysbTaTa IBOMHOI aucrneryepy3anyu. B obiiem ciaydae BblI-
3bIBaeMasl (PyHKIIMS MOXKET BO3BpallaTh MPOU3BONLHBIN TUM. Kiacc StaticDispatcher moa-
JIEp>KUBAET TAKYIO CTeTeHb 00OOIIEHHOCTU M BO3BPAILAET PE3YJIbTAT BhI3bIBAIOILIEMY MOIYIIIO.

DyHkIMs StaticDispatcher: :Go BbINMOMHIET AMHAMUYECKOE MpuUBeaeHUe aapeca lhs
K MepBOMY TUINY, YKa3aHHOMY B criucke TypesLhs. Eciu puHamuyeckoe TNpuBeneHUE OKa-
3aJ10Ch HEBBITTOJTHUMBIM, (yHKIHS GO MEPenaeT XBOCT CUcKa TypesLhs cBoeMy peKypCHB-
HoMy BbI30BY. (Ha camom nene 910 He HACTOSIIMI PEKYPCUBHBIN BBIZOB, MOCKOJBKY KaX-
JIbIil pa3 MpOM3BOAMTCSI HOBasi KOHKpeTU3alusl kiacca Staticbispatcher.)

B wutore ¢byHKuUMSI GO BBIMIONHSET TOAXOAAIIMI omepaTop 1if-else, mpuMeHsIOUINIA
oneparop dynamic_cast K KaxIoMy TUIly, yKazaHHOMY B criucke. OOHapy>KuUB COOTBETCT-
BUe, YHKIMS GO BbI3bIBAET (PyHKIMIO DispatchRhs. OTo BTOpoil U MOCAEAHUI 3Tan BbI-
BoZa TUMNAa — OOHapyXeHWe JUHAMUYECKOro Tuia o0bekTa rhs.

template <...>

class StaticDispatcher

{
Kak U paHblie
template <class SomeLhs>
static ResultType DispatchRhs(SomeLhs& 1hs, BaseRhs& rhs,
Executor exec)
{

typedef typename TypesRhs::Head Head;
typedef typename TypesRhs::Tail Tail;

if (Head* p2 = dynamic_cast<Head*>(&rhs))
{

3

else

{

return exec.Fire(lhs, *p2);

return StaticDispatcher<Executor, SomeLhs,
TypeLhs, BaseRhs, Tail, ResultType >::DispatchRhs(
Ths, rhs, exec);

}

};

DyHkims DispatchRhs BbIMonHsET A1l 00beKTa rhs TOT e aJropuT™, KOTOpbI MpuUMe-
Hsuicsl yHKUMen Go isi oovekta Ths. Kpome Toro, ecnu nuHaMudeckoe MpuBeAeHUe TUMA rhs
BBIMOJIHEHO ycrelHo, dhyHKIMs DispatchRhs Bbi3biBaeT yHKIMIO Executor: :Fire, nepena-
Basl eil JBa orpeeseHHbIX TUna. Kak u npexnie, Koi, TeHepupyeMblii KOMITUJISITOPOM, TIPEeICTaB-
JIsIeT coboii Habop orepatopoB if-else. MHTEpeCcHO, YTO KOMITUJISITOP TEHEPUPYET VTSI Kax#c0020
TUTIA, YKa3aHHOTO B CMUCKe TypesLhs, oTaenbHbIii Habop oreparopos if-else. [lelicTBUTeNb-
HO, Kjacc StaticDispatcher mopoxnaeT KBanpaTUUHbIA 00beM KOIa, MMesl 1Ba CIIMCKA TUIIOB
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U (UKCUPOBAHHBIN 0a30BbIi KOM. DTO 1IEHHOE, ONHAKO TOTEHUMAJIbHO OIAcHOe KayeCTBO —
CJIUILIKOM OOJIBIION KOJ MOXET MOTpedOoBaTh CJIMIIKOM MHOIO BPEMEHM Ha 3Tarie KOMIWJISIIUY,
HETaTUBHO MOBJIUSTh HA pa3Mep MporpaMMbl U 00Lee BpeMs €€ BbIITOJTHEHUS.

s Toro 4toObl YCTAHOBUTH OTPAHUUYEHUS HA CTATMYECKYIO PEKYypCHUIO, HAM HYXHO CIie-
LMAIM3UPOBaTh KJlacc StaticDispatcher g OByx cuTyaumil, korna T oovekra lhs B
crucke TypesLhs u Tum oobekTa rhs B cnvcke TypesRhs He HalJeHBI.

IMepBast cutyauusi (HeBepHbIii 00beKT Ths) BO3HMKAET MpM BbI30oBe (PYHKIIMU GO M3 Kiacca
StaticDispatcher, korma B KauecTBe mapaMmerpa TypesList emy mepemaercs kinacc NullType.
DTo mnpu3HaK TOro, 4YTO BO BpeMsl TOMCKAa CIMCOK TypesLhs okaszancs ucyepraHHbIM.
(HarmomuuM, uTo kiacc Nul1Type UCMONb3yeTcsl B KauecTBe MPU3HAKa KOHIIA CITMCKa TUTIOB.)

template

<

class Executor,

class BaselLhs,

class BaseRhs,

class TypesRhs,

typename ResultType
>

class StaticDispatcher<Executor, BaseLhs, NullType,
BaseRhs, TypesRhs, ResultType>
{

static void Go(BaseLhs& lhs, BaseRhs& rhs, Executor exec)
exec.onError(lhs, rhs);

};

O6paboTka OLIMOOK 3JIETAaHTHO JeJIerMpyeTcsl Kjiaccy Executor, KOTOpbIi OyaeT paccMoT-
pPEH HUXe.

Bropast cutyamusi (HeBepHbIi OO0BEKT rhs) BO3HUKaeT IpU BbI30Be (YHKIMU Dis-
patchRhs u3 kiacca StaticDispatcher, korga B KadyecTBe napamerpa TypesRhs emy me-
penaetcs kiaacc NullType.

template

<

class Executor,

class BaselLhs,

class TypesLhs,

class BaseRhs,

typename ResultType
>

class StaticDispatcher<executor, BaseLhs, TypesLhs,
BaseRhs, NullType, ResultType>

{
public:
static void DispatchRhs(BaseLhs& Ths, BaseRhs& rhs,
Executor& exec)

exec.onError(lhs, rhs);
}
};
Tenepn HacTano Bpemst 0OCyauTh, KaK HY>KHO peaan3oBaTh Kjiacc Executor, 4yToObl MC-
MOJIb30BaTh MPEUMYILECTBO MEXaHU3Ma JBOMHON NUCMeTYepU3aliu, ONpeaeJeHHOTO BhILIE.
Knacc staticbDispatcher aumib pacrio3Haer Turbl. OOHApYXXUB MpPaBUIbHBIE TUIIBI U
00BEKTbI, OH MepeaaeT WX GYHKUMU Executor::Fire. YToObl pa3inyaTh BbI3OBbI ITOM
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(yHkimu, kmacc Executor MOJKEH peaiu3oBaTh HECKOJBKO IMeperpy3ok GyHKIUu Fire.
Hanpumep, kinacc Executor as 3aKpallMBaHUsl 00JACTU MepeceueHus AByX (UTYp BBITJISI-
AT CJIEeIYI0IIMM 00pa3oMm.

class HatchingExecutor

{
public:
// Pa3Hble anropuTMbl 3aKpawmBaHuA obnacTu nepecevyeHus
void Fire(Rectangle&, Rectangle&);
void Fire(Rectangle&, ElTlipsed);
void Fire(Rectangle&, Poly&);
void Fire(ETlipse&, Poly&);
void Fire(ETllipse&, Ellipsed);
void Fire(Poly&, Poly&);

// ®YyHKUMA Ana obpaboTku owmbok

void onError(Shape&, Shaped);

};

Knacc HatchingExecutor ucmoab3yeTcss BMECTe ¢ KJlaccoM StaticDispatcher.

typedef StaticbDispatcher<HatchingExecutor, Shape,

TYPELIST_3(Rectangle, Ellipse, Poly)> Dispatcher;

Shape *pl = ...;

Shape *p2 = ...;

HatchingExecutor exec;

Dispatcher::Go(*pl, *p2, exec);

OTOT KON  BBI3BIBAET  COOTBETCTBYIOLLYIO  Teperpy3ky (yHKuuuM Fire U3  Kiacca
HatchingExecutor. I1labnoHHBIN Kiacc StaticDispatcher MOXHO paccMaTpvBaTh KakK MeXa-
HM3M TMHAMUYECKOI Meperpy3kKu — OH OTKJIabIBAaeT MEPErpy3Ky Ha Mepuo BHITOJHEHUS TIPO-
rpaMMbl. DTO 3HAYMTEIBHO O0JIeTyaeT UCIOIb30BaHUe Kilacca StaticDispatcher. HyxHo auiib
peanu3oBarh Kiacc HatchingExecutor, uMmest B BUIy NpaBWja MEPerpy3ku, a 3aTeM MCHOJIb30-
BaTh KJacc StaticDispatcher B KauecTBe YEPHOTO SIIIIMKA, PUMEHSIIONIETO TpaBuia Tieperpys-
KW BO BPEMsI BBITIOJIHEHUS IPOTPaMMBI.

Krnacc staticbispatcher umeer mo6ouHbIil 3¢ GHEKT — OH paclo3HAeT U MeperpyxkaeT
HEOJHO3HAYHOCTH Ha 3Tane KoMnuisiuu. JlomycTtuM, 4to Mbl BMecTo (GyHKUIMU Hatch-
ingExecutor::Fire(E11lipse&, Poly&) O0BSIBUIN byHkIMI0 HatchingExecu-
tor::Fire(Shape&, Poly&). Bei3oB ¢yHKIMM HatchingExecutor: :Fire ¢ mapaMmeTpaMu
tira E1Tipse u Poly MOXET MOPOAUTh HEOAHO3HAYHOCTh — 00€ (PYHKIIMU COOTBETCTBYIOT
OIHOMY M TOMY € BBI3OBY. MIHTepecHO, 4TO Kjacc StaticDispatcher Ttakke oOHapyxXu-
BaeT 3Ty OWIMOKY M BbIIAET O HEWl Takoe ke AeTasibHoe coobieHue. Kiacc StaticDis-
patcher MOJHOCTBHIO COOTBETCTBYET MpaBUiaM MePerpy3ku, CyLIECTBYIOIIMM B si3bike C++.

Yto ciayyuTcs, eciau BO BpeMsl BBITTOJIHEHUs MporpaMMbl OOHApYyXXMTCs OlIMOKa — Ha-
MPUMEP, €CIM B KauecTBe OJHOTO U3 apryMeHTOB (yHKIMM StaticDispatcher: :Go nepe-
nath Kiacce Circle? Kak yxe ymoMMHaaOCh, B TAKMX CUTyalMsIX Kjiacc StaticDispatcher
MPOCTO BbI3bIBAET (YHKLMIO Executor::OnError, mapaMeTpaMu KOTOPOH SIBJISIIOTCS HMC-
XOnHble (He Mpeobpa3oBaHHbIE) 00BEKTH 1hs U rhs. OTo 3HAUUT, YTO B HAllleM IPUMEpE
(yukuus HatchingExecutor: :0OnError(Shape&, Shape&) mnpeacraBisier coboit MOIyJb
00paboTKK OIIMOOK. DTy (YHKIIMIO MOXHO MPUMEHSITh MO CBOEMY YCMOTPEHMIO — €€ BbI-
30B O3HAYaeT, YTO KJjacc StaticDispatcher mpucTtynaer K MOMCKy AMHAMUYECKUX THUIIOB.

Kak ykaspiBajioch B TpeAbIAyIEM pa3iesie, Mpu rpy0oil peaau3anuu AUcCIieTdyepa Hache-
JIOBaHME TOPOXIaeT HOBble Mpobiembl. CienoBaTesbHO, MPUBEACHHAsT HUXE KOHKpETU3a-
usl Kiacca StaticDispatcher comepXuT omnoOKy.
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typedef StaticbDispatcher

<

SomeExecutor,

Shape,

TYPELIST_4(Rectangle, Ellipse, Poly, RoundedRectangle)
>
MyDispatcher;

Ecnu mabioHHOMy Kjaccy MyD1ispatcher mepenaercs kiacc RoundedRectangle, oH Oyaer
paccMarpuBaThCsl Kak kiacc Rectangle. Omeparop dynamic_cast<Rectangle*s> ycmeni-
HO MpUMEHsIeTCS K YykasaTedio Ha Kiacc RoundedRectangle, a TMOCKOJbKY OIEpaTop
dynamic_cast<RoundedRectangle*> HaXxoauTCs B LIETIOYKE MPOBEPOK HMXKE, OH HUKOTAA
He OyneT BbInoyiHeH. [TpaBuibHAas KOHKPETU3ALMS BBIMJISIIUT CAEAYIOIIMM 00pa3oM.

typedef StaticbDispatcher

<

SomeExecutor,

Shape,

TYPELIST_4(RoundedRectangle, Ellipse, Poly, Rectangle)
>

Dispatcher;

OO1ee mMpaBWJIO TakKOBO: Haubosiee OTHajeHHbIE MOTOMKM 0a30BOTO THMA JOJIKHBI HaXo-
IIUTBCSl B Hayajie CIUCKa TUITOB.

bruto Obl mpekpacHo, eciu Obl 3TO TPeoOpPa30BAHUE BBHITIOIHSIOCH ABTOMATHYECKU.
Cnycky TUMOB MO3BOJISIIOT 3TO c/ejiaTh. Y HAc €CTb CPENCTBO JJIsi OOHApYXKEeHUs Haclaeno-
BaHWS BO BpeMsl KOMIWISIUM (IJ1aBa 2), MPUYEeM CITMCKM TUIIOB MOXHO yMOpsIoYuTh. Ta-
KMM 00pa3oM, MOXHO BOCIMOJIb30BaTbCSl CTATUYECKUM AJITOPUTMOM DerivedToFront, onu-
CaHHBIM B TJ1aBe 3.

151 aBTOMaTUYECKOI COPTUPOBKM CIUCKA HYXXHO JIUIIb MOAUDUIIMPOBATH peaiu3aluio
Kjacca StaticDispatcher cieayoiumM obpasom.

template <...>
class StaticDispatcher

typedef typename DerivedToFront<
typename TypelLhs>::Result::Head Head;
typedef typename DerivedToFront<
typename TypesLhs>::Result::Tail Head;
public:
KaK W paHblie
1

ObGecrieunB yIOOHYIO0 aBTOMATH3allNio, He 3a0yabTe, YTO MBI TTOJy4aeM B pe3yJibTaTe Ipo-
rpaMMmy, TeHepupylolyio kod. [1pobiaeMa, CBSI3aHHAs C CYILIECTBOBAHUEM 3aBUCUMOCTEN MeEX-
Iy KJlaccaMM, OCTaeTcsT HepellleHHoM. HecMoTpst Ha To uTo TpyOyro peain3aluio MyJbTUMETO-
JIOB OUYCHb JIETKO BBIMOJHUTh, KJIacc StaticDispatcher mo-mpexHeMy 3aBUCHUT OT BCEX TH-
OB, BXOASIIMX B Mepapxuio. Ero mpemmyimectsa — 3T0 GBICTpOIEiCTBUE (€CIM KOJUYECTBO
KJIACCOB B MepapXv HE CIWIIKOM BEJIMKO) M HEMHTPY3MBHOCTBH (nonintrusiveness), KoTopast
BBIPAXKaeTCsl B TOM, 4YTO IS MCITOJb30BaHMSI Kiacca StaticDispatcher He HyxXHO Momubu-
LIMPOBATh UePAPXUIO THITOB.

11.5. CumMmeTpnYHOCTb rpybdoro nogxoaa

IlITpuxoBKa mepeceyeHUsT ABYX (GUTYpP MOXKET 3aBUCETh OT TOrO, KaK MMEHHO TepeceKa-
I0TCS (DUTYPBL: MIPSIMOYTOJbHUK HAKPBIBACT BJUIMIIC WM HaoOopoT. MHorma 310 He MMeEer
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3HAYeHUsI, W IITPUXOBKA B OOOMX CIIydasX JOJDKHA OCTaBaThCs OJWHAKOBOW. B aTom ciyvae
HYXEH cummempuyHblli mysvmumemod (symmetric multimethod), KOTOphlii He 3aBUCHUT OT
TTOpSIIKA CJIEIOBAHUST €T0 apTyMEHTOB.

CuMMeTpHsT IPUMEHSIETCS, TOJIbKO €CJIM THIThI 000MX MapaMeTPOB MACHTUYHBI (B HAIlleM
ciIyyae Kiacc BaselLhs coBmagaeT ¢ KiaccoM BaseRhs, a LhsTypes coBmamaeT ¢ KJIaccoM
RhsTypes).

Kiacc staticDispatcher, peann3oBaHHBIM B pamMKax TrpyOoro moaxoia, SIBJSETCS
ACUMMETPUYHBIM. DTO 3HAYMT, YTO OH HE MOMICPXKUBACT CUMMETPUYHBIC MYJIBTUMETOMBI.
HonycTuM, HalpuMep, YTO MBI OTpeNeIsieM CIeIyIolIne KJIacChl.

class HatchingExecutor
{
public:

void Fire(Rectangle&, Rectangle&)
void Fire(Rectangle&, ElTlipse&)

))-O6pa6OT‘~IVIK ownbok
void oOnError(Shape&, Shaped);

};
typedef StaticbDispatcher
<
HatchingExecutor,
Shape,
TYPELIST_3(Rectangle, Ellipse, Poly)
>

HatchingDispatcher;

Kinacc HatchingDispatcher He cpabaThiBaeT, ecjiM eMy TepenaTbh B KauecTBe JICBOTO MapaMeTpa
Kiacc E1Tipse, a B KayecTBe IpaBOro mapamerpa — kiacc Rectangle. Jlaxxe HeCMOTpsl Ha ToO,
YTO C TOYKM 3peHMs kiacca HatchingExecutor He MMEET HUKAKOrO 3HAYeHUs, KAKOW U3 3TUX
MApaMETPOB SIBJISIETCS JIEBBIM, a KAaKOW — TIpaBbIM, Kjacc HatchingDispatcher HactauBaer,
4YTOObI OOBEKTHI TIEPEIABAIVCH B OTPEACTICHHOM TOPSI/IKE.

ITomeHsIB apryMeHTbl MeCTaMU M MPUMEHUB APYTYI0 MEPerpy3Ky B KIMEHTCKOM KOIE,
MOHO MCTPAaBUTh 3TOT HEJOCTATOK.

class HatchingExecutor

{
public:
void Fire(Rectangle&, Ellipsed&);
// ObecneuynBaeM CUMMETPUIO
void Fire(ETlipse& Ths, Rectangle& rhs)

{
// Nepexoamm Kk ¢yHkumm Fire(Rectangle&, Ellipsed&),
// MeHAs MopsAAOK aprymMeHToB
Fire(rhs, 1hs);

1

Ota HeOoJbIas GyHKIMSI 00eCIIeYNBACT CUMMETPUIHOCTh MYJIETUMETO/A.

B uneane knacc StaticDispatcher momkeH ObLT Obl caM IPEIOCTABISTH 3Ty BO3MOX-
HOCTb C IIOMOIIBIO JOIOJHUTEIBHOIO OyJIeBCKOTO LIa0JJOHHOro mapamerpa. st 3Toro Hyx-
HO, YTOOBI B HEKOTOPBIX CUTyalIMsIX KJacc StaticDispatcher MeHsT OPSIOK ClieAOBaAHUS
apryMeHTOB IIpA OOpaTHOM BBI3OBe. B kakux mMmenHo cutyanusx? I[lpoaHamm3upyem Ipe-
by puMep. OmonHsAsl CNUCOK 1a0J0HHBIX apryMEHTOB MX 3HAYCHUSIMU, 3aJaHHBbI-
MM II0 YMOJIYAHUIO, MBI TIOJIy9aeM CJISAYIOIIYI0 KOHKPETHU3AIUIO.
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typedef StaticbDispatcher

<
HatchingExecutor,
Shape,
TYPELIST_3(Rectangle, Ellipse, Poly), // Knacc TypesLhs
Shape,
TYPELIST_3(Rectangle, Ellipse, Poly), // Knacc TypesRhs
void

>

HatchingDispacther;

B cummeTpryHOM qucrnieTyepe MOXXHO TIPUMEHMTD CJIEIYIOUIMI aJlTOpUTM BbIOOpaA Map rnapa-
METPOB: OOBEAMHUM TIEPBbIN TUI U3 TIEPBOTO CIUCKA TUMOB (KIacc TypeLhs) ¢ KaXabpiM TUTIOM
M3 BTOpPOro crMcka (kimacc TypesRhs). OTo mopoxmaeT Tpu KomOuHauuu: Rectangle-
Rectangle, Rectangle-Ellipse u Rectangle-Poly. 3areM OOBEAMHMM BTOPOI THII U3 CITH-
cKka TypesLhs ¢ Tunmamu U3 crnucka TypesRhs. OpgHako, MOCKOJbKY TepBasi KOMOMHALIMSI
(Rectangle-E1T1ipse) yxe Obl1a co3maHa Ha MEPBOM 3Tare, Ha 3TOT pa3 aIfOPUTM HAYMHAETCS
CO BTOpOro 3jeMeHTa B crucke TypesRhs. Temepp mopoxknatorcst mapbl E11ipse-Ellipse u
Ellipse-Poly. Te xe paccyxaeHusi MPUMEHSIOTCS Ha CJIEAYIOIIEeM 1lare: oObeMMHEeHe Kiacca
Poly u3 cniucka TypesLhs ¢ TMIaMu U3 criMcka TypesRhs HauMHaeTcs ¢ TpeThero anemMeHTa. Ha
3TOM 3Tare MOPOXKIAETCsI TOJIbKO OHA KOMOMHaIus — Poly-Poly.

Crnieftyst 3TOMy aIrOpUTMY, MbI peausyeM (bYHKLIMU TOJbKO IS TOTyYeHHBIX KOMOWHAIIUIA.

class HatchingExecutor

{ .

public:
void Fire(Rectangle&, Rectangle&);
void Fire(Rectangle&, Ellipsed&);
void Fire(Rectangle&, Poly&);
void Fire(ETlipse&, Ellipsed);
void Fire(ETlipse&, Poly&);
vois Fire(Poly&, Poly&);
// 06paboTuuk owmnbok
void onError(Shape&, Shaped);

1

Kiacc staticbispatcher gokeH pacrio3HaBaTh KOMOMHAIIMM, UCKIIOYEHHBIC HAMU U3
OIMCAHHOTIO BHIIIIE AJITOPUTMA, a UMEeHHO: E1Tipse-Rectangle, Poly-Rectangle u Poly-
Ellipse. [lnsg 3Tux KoMOMHaIMii kjmacc StaticDispatcher mokeH MEHSITh apryMEHTbI
MECTaMM, a B OCTaJIbHBIX CIyYasX MOCTyHaTbh, KaK M MpexIe.

Kaxoe OyieBckOe yciIOBHE ITO3BOJISIET OIPENCIsATh, KOTHa CISAYeT MEHSITh apryMEHTBI
Mectamu, a Korna HeT? OmnucaHHBIN BbIIEe aJlTOPUTM BHIOMpAET B CIMCKE TL2 JIMIIb TUIIHI,
UMeEIOILNEe UHACKCHI, pasHble UAU npesvliiarouiie HIEKC TUMna B crucke TL1. CrenoBaTelib-
HO, ycJioBHe (hOPMYJIUPYETCST CIACAYIOLIMM 00pa3oM.

Ecau uHpaekc tMna U B crnucke TypesRhs MeHblle, 4eM WMHIEKC TUMA T B CIIMCKE
TypesLhs, apryMeHTHI CJIeAyeT MIOMEHSITh MECTAMMU.

Homyctum, uro Tunom T sBisieTcs kiacc E11ipse, a Tumom U — kiacc Rectangle. Torna
WHAEKC TUIa T B crnucke TypesLhs paBeH 1, a uHmekc tuna U B criMcke TypesThs paBeH
0. CnemoBatesbHO, apryMeHTbl Tuna El1ipse M Rectangle mepea BbI30BOM (YHKIIUMU
Executor: :Fire clleqyeT MMOMEHSITbh MECTAMMU.

B Habop GyHKIIMOHAJIBHBIX BO3MOXKHOCTE CIMCKOB THUIIOB YX€ BXOAUT CTaTUYECKUIi
anroput™ IndexOf, Bo3BpamalolmMii MO3UIMIO TUMNA B crnucke. Takum obpa3oM, chopmy-
JINPOBATh YCJIOBUE MEPECTAHOBKU MapaMeTPOB JOBOJILHO JIETKO.
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Bo-mepBbIX, MBI JOKHBI 10OABUTh HOBBIM MIAOJOHHBIN TTapaMeTp, KOTOPBIN MO3BOJISICT
ONpeNeNUTh, SIBJSIETCS JIU JUCIIeTYep CUMMETPUYHBIM. 3aTeM HYXXHO N00aBUTb HEOOJbIION
IaOJJOHHBIN KJIacC XapaKTepUCTUK InvocationTraits, KOTOPHIM JUOO TepecTaBisieT ap-
TYMEHTHI, JIMOO OCTaBJISIET UX HA MecTe Mepel BbI30BOM (yHKIIMU-YieHa Executor:Fire.

template
<
class Executor,
bool symmetric,
class BaselLhs,
class TypesLhs,
class BaseRhs = BaselLhs,
class TypesRhs = TypesLhs,
typename ResultType = void
>
class StaticDispatcher

template <bool swapArgs, class SomeLhs, class SomeRhs>
struct InvocationTraits

{
static void DobDispatch(SomeLhs& T1hs, SomeRhs& rhs,
Executor& exec)
exec.Fire(lhs, rhs);
1

template <class SomeLhs, class SomeRhs>
struct InvocationTraits<true, SomeLhs, SomeRhs>

static void DobDispatch(SomeLhs& T1hs, SomeRhs& rhs,
Executor& exec)

exec.Fire(rhs, Ths); // MeHaeM apryMeHTbl MecTamu

L
public:
template <class SomeLhs>
static void DispatchRhs(SomeLhs& Ths, BaseRhs& rhs,
Executor exec)

if (Head* p2 = dynamic_cast<Head*>(&rhs))
{

enum { swapArgs = symmetric &&
IndexOof<Head, TypesRhs>::result <
IndexO0f< SomeLhs, TypesLhs>::result };

typedef InvocationTraits<swapArgs, SomelLhs, Head>
CallTraits;

return CallTraits::DoDispatch(lhs, *p2);

}
else
{
return StaticDispatcher<Executor, BaselLhs,
NullType, BaseRhs, Tail>::DispatchRhs(
Ths, rhs, exec);
}

}
1

IMoanepxka CMMMETPUM HEMHOTO YCIOXHSET Kiacc StaticDispatch, Ho HaMHOro 06-
JIEr4aeT ero MCroJib30BaHUe.
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11.6. Jlorapudmmnyeckmnin oBOMHON gUcneTyep

Hnst Toro 4ToObl M30eXaTh TTYOOKMX 3aBUCMMOCTEN MeXIy KiaccaMu, BO3HUKAIOUIUX
TIpY TPyOOIi peanu3aiuy ABOWHOTO AUCIIeTUYepa, HYXKHO IMOUCKaATh Oojiee TMHAMUYHBIN TIO/I-
xoi. BMecTo reHepupoBaHuUsi KoJa BO BpeMsl KOMITWISLIMA HEOOXOAMMO MPUMEHUTh AUHA-
MHYECKUE CTPYKTYPhl M aJITOPUTMBI, OOECIIeUMBalOIINe AUCTIETUEPU3AIINIO BHI30BOB (DYHK-
LIMM BO BpPeMsl BBIMOJHEHUSI MPOrpaMMbl B 3aBUCMMOCTH OT TUIIOB €€ MapamMeTpOB.

Petuth a1y 3amauy mossonsier MexaHu3Mm RTTI (runtime type information), koTopwblii maert
BO3MOXHOCTb HE TOJIbKO MIEHTU(MUIIMPOBATH TUILI U BBITOJIHITh UX JAMHAMUYECKOE MpUBE/Ie-
HHE, HO ¥ CUCTEeMaTU3UPOBaTh UX B XOIE BBITTOJTHEHMSI TTPOTPAMMBI C TIOMOIIBIO (hYHKIIMHU-YJIeHa
before u3 knacca std: :type_info. OTa GyHKUMS yNOPSIOUMBAET OTHOLIEHUS MEXIY BCEMU
TUTIAMM, OTIPENICJICHHBIMU B IPOTpaMMe, TIO3BOJISIST OCYILLIECTBIISATh UX OBICTPHIN TTONCK.

Peanu3zaius takoro kiacca SIBJASIETCSI YCOBEPILIEHCTBOBAHHBIM pelleHueM 3aaauu 31 us
kHuru Ckotra Meitepca “More effective C++” (1996a): sTanm mpeoOpa3oBaHUs THUIIOB
(casting step) aBTOMaTU3MPOBAH, a peaiu3alrsl MaKCUMaJIbHO 0000LIeHA.

Bocrionb3yemcest kinaccom TypeInfo, onmucaHHBIM B TjiaBe 2. DTOT KjIacc TPEACTABISIET
coboil  o0osouky, oOsagamollyl0  (QYHKIMOHAJBbHBIMM  BO3MOXHOCTSMM  KJjlacca
std::type_info. KpoMe TOro, oH MMeeT CeMaHTUKY 3HAUYE€HWI M omepaTop “MeHble”.
DTO MO3BOJISIET XPaHUTh 00BEKTHI K1acca TypeInfo B cTaHIAPTHBIX KOHTeliHepax. MMeHHO
3Ta 0COOEHHOCTb MPEACTABIIACT ISl HAC WHTepeC.

IMonxon, mpemtoxeHHbIE MeliepcoM, MPOCT: Ui KaXIOi Mapbl OOBEKTOB Kiacca
std: :type_info, momiexamx aucrieTYepr3aliii, pPerucTpMpyeTcsl ykaszareab Ha (DyHKIUIO C
JIBOMHBIM IWCIIETYEPOM. DTOT AMCIETYEP XPaHWUT MH(pOpMaLMIo B o0beKTe Kiacca std::map.
Bo BpeMst BBITTOJTHEHUST TTPOrPaMMbI, KOTIa TBOMHOMY IMCITETYEPY B KA4eCTBE MapaMeTpOB Iepe-
JIAIOTCSI JIBA HEU3BECTHBIX OOBEKTA, OH BBITIOHSIET ObICTPBIN MOMCK TUMA (3aTpaurBasi Jorapud-
MUYECKOe BpeMs) U B CJTydae ycIiexa BO3BpalllaeT COOTBETCTBYIOIINI yKa3aTellb Ha (DYHKITHIO.

OrnpeneauM CTPYKTYpy OOOOILIEHHOTO MeXaHW3Ma, OCHOBAaHHOIO Ha 3TMX MPUHLMMAX.
DTOT MEeXaHU3M MPEACTaBISET COOOI MAOMOHHBINA KJIacC ¢ IBYMsI apryMeHTaMu (JIEBBIM U
npaBbiM). HazoBeM ero BasicDispatcher, mockonbKy Mbl OyneM HMCIOJb30BaTh €ro B Ka-
YECTBE OCHOBBI JIJISI CO3MaHUS 00Jiee CIOKHBIX ABOMHBIX AUCIIETUYEPOB.

template <class BaselLhs, class BaseRhs = BaselLhs,

typename ResultType = void>
class BasicDispatcher

{
typedef std::pair<TypeInfo, TypeInfo>
KeyType;
typedef ResultType (*CallbackType) (BaseLhs&, BaseRhs&);
typedef cCallbackType MappedType;
typedef std::map<KeyType, MappedType> MapType;
MapType callbackmap_;
public:
1

B kauecTBe KiIOuYel accOLMATUBHOIO MaccHUBa MCIONb3YIOTCS OOBEKThI Kiacca std::pair,
cocTosile U3 ABYX 00beKTOB Kiacca TypeInfo. Kiacc std::pair mommepxuBaer cucre-
MaTHU3alluIo, TO3TOMY /ISl HErO HaM He HYXXEH CBOM COOCTBEHHBIN (YHKTOD.

Knacc BasicDispatcher craHer eiie Oosnee oOLIMM, €CU CAeIaThb TUIT 0OpPaTHOTO BbI30Ba
1maba0HHBIM. OOBIYHO OOpaTHBIA BBI3OB He 00s13aH ObITh (hyHKIMEe. OH MOXET ObITh, HAIpU-
Mep, dyHkTopoM (raBa 5). Knace BasicDispatcher moxer amantvpoBaTh (DyHKTOPBI, Tpeod-
pa3oBbIBas OMpPEAEICHUE MX BHyTpeHHero Tuma CallbackType B 111a0JIOHHBII TapaMeTp.

294 YacTb Il. KOMNOHEHTHI



3HauYNTE/IbHOE YCOBEPILEHCTBOBAHME 3aK/IIOUAETCS B CAEAYIOLIEM: TUM Std: :map M3MEHEH U
ctan 6onee sdpexkruBHbIM. Matr OctepH (Matt Austern, 2000) BBISICHWJI, YTO CTaHIAPTHBIC ac-
COLIMATMBHBIC KOHTEMHEPHI UMEIOT Oojiee Y3KYIO 00JIACTh IMIPUMEHEHUS, YeM MPUHATO AyMaTh. B
YACTHOCTHM, YIOPSIIOUYEHHBIA BEKTOP B COYETAHMM C aIrOpUTMaMud OMHApPHOrO TOMCKa
(Harmpumep, anroputMoM std: :Tower_bound) MoXeT oka3aThcsi HAMHOTO 3(hheKTUBHEE, YeM
accOLIMAaTUBHBIA KOHTEHEpP. DTO MPOUCXOMUT, KOTa KOJMYECTBO OOpAlleHUI K ero ajeMeHTaM
HAMHOI'O MPEBBIIIAET KOJMYECTBO BCTAaBOK. MTak, clielyeT BHMMATEJILHO M3Y4YUTh CUTYallud, B
KOTOPBIX OOBIYHO MTPUMEHSIIOTCS OOBEKTHI ABOMHOIO AUCIIETYEpa.

Yaile Bcero IBOMHONM AUCIETUEP IMPEACTABISIET COO0i CTPYKTYpY, B KOTOPYIO MH(pOpMa-
LIUSI PEAKO 3aluChIBaeTCs, HO U3 KOTOPOM 4yacTo cuuThiBaeTcs. OOBIUHO IMporpamma JIMIIb
OIHAX[bl YCTAHABIMBACT OOpATHbIE BHI3OBHI, 4 3aT€M OYECHb YACTO MCIIOJbL3YeT OUCIETUYEp.
DTO XOpOIIO COIJIacyeTcsl ¢ UCMOJIb30BAHMEM MeXaHU3Ma BUPTYalbHbIX (PYHKIIMI, KOTOPHIi
JIOITOJIHSIETCS TBOMHBIM AUCIIETYEpPOM. PellieHre 0 TOM, Kakue (DYHKLUU SBISIOTCS BUPTY-
aJbHBIMM, a KaKMe HeT, IPMHUMAETCs Ha 3Tane KOMIUJISIUN.

Ha nepBblii B3MIsiA yHNOPSIIOUEHHBI BEKTOp HAM COBEpPLUCHHO He momxoauT. Omnepaiuun
BCTaBKM W yIAJICHUSI 3JIEMEHTOB TAKOTO BEKTOpA BBITOJHSIOTCS 3a JIMHEITHOE BpeMsl, U JBOMHOM
JIMCIIETYEp HUKAK HE MOXET IMOBJIMSATH Ha OBICTPOIEICTBUE STHUX OINepaluil. 3aTo 3TOT BEKTOP
MO3BOJISIET MOBBICUTH CKOPOCTh MPOCMOTpPA 3JIEMEHTa PUMEPHO B JBa pa3a U HAMHOIO CHU3UTh
00BbeM pabouero MHOXECTBA. DTU CBOICTBA OUEHbB IOJIC3HBI ISl ABOMHOM AMCIIETYCPU3ALIIN.

Bbubanoreka Loki nmpeaycMaTpyBaeT MCIOJIb30BaHUE YIOPSAOYSCHHBIX BEKTOPOB, OMpee-
JIAsl MaOJOHHBIN Kilacc AssocvVector, KOTOPBI MOXET 3aMeHSTb coboil Kiacc std::map
(oH comepXuT Te Xe camble (YHKUMM-UYICHBI), peaJu30BaHHBIH Ha OCHOBE Kijacca
std::vector. Kiacc Assocvector oramyaercs OT Kiacca std::map (GYHKIUSIMU erase
(byHKLIMM AssocVector::erase aHHYJMPYIOT BCe UTepaTOpbl BHYTpU 00bekTa). Kpome
TOTO, (DYHKIIMU-UJICHBI insert U erase YCJIOXHEHBI (BBITIOJNHSIS ONepalliy BCTAaBKU U yria-
JIeHUs 3a JIMHEelHOoe, a He MoCTossHHoe BpeMmst). ITockobKy Kilacc AccosvVector COBMECTUM
¢ Kj1accoMm std::map, IS ONMMCAHUSI CTPYKTYPhI, COAepXKallleiics B JBOMHOM AUCIIETUYEpE,
MBI OyJIeM TaKxXKe MCII0JIb30BaTh TEPMUH accoyuamuéusliii maccus (map).

Hwke mpuBomuTCss HOBOE ONpeiesieHne Kiacca BasicDispatcher.

template

<

class BaselLhs,

class BaseRhs = BaselLhs,

typename ResultType = void,

typename CallbackType = ResultType (*)(BaseLhs&, BaseRhs&)

>
class BasicDispatcher

typedef std::pair<TypeInfo, TypeInfo>
KeyType;
typedef callbackType MappedType;
typedef Assocvector<KeyType, MappedType> MapType;
MapType callbackmap_;
public:

1
Jlerko omnpeneauTb U perucTpUpyIoLLyo (GYHKIIMIO.

template <...>
class BasicDispatcher

{

KaK W paHblle
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template <class SomeLhs, class SomeRhs>

void Add(callbackType fun)

{
const KeyType key(typeid(SomeLhs), typeid(SomeRhs));
callbackMap_[key] = fun;

}

};

Knaccel SomeLhs 1 SomeRhs mpencTaBisiioT cO00l KOHKPETHBIE TMIIBI, IJII KOTOPBIX
BBITIOJTHSIETCSI AMCIieTYepu3anus BoizoBa. Kak u knmacc std: :map, Kimacc AssocvVector rie-
perpyxaet oneparop [] sl 1OCTyna K KJIIO4y, KOTOPbIA COOTBETCTBYET TUMY, XPAHSILIEMYCSI
B accouraTMBHOM MaccuBe. Omepatop [] BO3BpalllaeT CChLJIKY Ha HOBBIM WJIM HaWJACHHBIN
BJIEMEHT, a GyHKIUs Add cBs3bIBaeT ¢ HUM mapametp fun.

PaccmoTpum mipumMep, B KOTOpOM ucnofib3yeTcs: pyHkius Add.

typedef BasicDispatcher<Shape> Dispatcher;

// 3awTpuxoBbiBaeT nepecevyeHne MPAMOYro/ibHUKA U MHOMOYroJfibHUKA
void HatchRectanglePoly(Shape& 1lhs, Shape& rhs)

{
Rectangle& rc = dynamic_cast<Rectangle&>(Ths);
Poly& p1 = dynamic_cast<Poly&>(rhs);
WUCNosib3yeM CCbUIKM rc u pl
}

Dispatcher disp;
disp.Add<Rectangle, Poly>(HatchRectanglePoly);
DyHKILMSI-YJIeH, BBITTOJIHSIONIAS MOUCK TUIA U BBI30B, JOBOJIBHO MPOCTA.

template <...>
class BasicDispathcer

{
.. Kak 1 paHblie ...
ResultType Go(BaseLhs& Ths, BaseRhs& rhs)
{
MapType::iterator i = callbackmap_.find(
KeyType(typeid(Ths), typeid(rhs));
if (i == callbackmap_.end())
{
throw std::runtime_error("oyHKuma He HamaeHa");
}
return (i->second) (lhs, rhs);
1

11.6. 1. Jlorapnpmuyecknii gucneryep v HacsiegoBaHue

Kiacc BasicDispatcher HenpaBWIbHO pabOTaeT ¢ MEXaHU3MOM HacyienoBaHus. Eciau B Hem
3aperucTpupoBaHa Tojbko (yHkimsi HatchRectanglePoly(Shape& Ths, Shape& rhs), To
JMCTIeTYepr3aliisl paclpoOCTpaHsIeTCs JIMIIb Ha 00beKThl KJIacCoB Rectangle u Poly. Eciu, Ha-
npumMep, nepeaatb GyHKIMU BasicDispatcher: :Go CCbUIKM Ha 00BEKThI KilaccoB RoundedRec-
tangle u Poly, To K1acc BasicDispatcher OTKaXeTCs BBINOIHSTH BbI3OB.

Ilosenenue kiacca BasicDispatcher He corjacyercs ¢ NpaBWJlaMM HacjelOBaHUS, B
COOTBETCTBMU C KOTOPHIMU TPOM3BOAHBIE TUIIBI TI0 YMOJUYAHUIO JOJKHBI PacCMaTpUBaThCS
Kak 0a3oBble. bbLIO OBl IpeKpacHo, eciM Obl KJIacc BasicDispatcher mpuHUMaI BBI3OBHI,
rnapaMeTpaMu KOTOPBIX SIBJISIIOTCSI OOBEKTbI MPOU3BOIHBIX KJIACCOB, TTOCKOJIbKY 3TH BbI3OBbI
BIOJIHE OJHO3HAYHBI.
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[ns perieHust 3Tolt TpobeMbl HY>)KHO HE TaK Y>K MHOTO, OJTHAKO /IO CHX IOp OHa He Jiu-
KBUAMPOBaHA OKOHYaTeJbHO. Takum 0o0pa3oM, MpM PEerucTpalvu Bcex Mmap TUIIOB B Kjacce
BasicDispatcher cienyer NposBiIsATh OCTOPOXHOCTb.*

11.6.2. Jlorapugpmudecknvi gucneryep u npusBegeHne TUrnoB

Knacc Basicbispatcher moneseH, oqHaKo He BMOJHE XOpOIll. 3aperucTpUpoBaHHasl B
HeM (yHKIHMsI, oOpabaThIBalolas TepeceueHre MeXIy oObeKTaMU KJIacCoB Rectangle u
Poly, JOJKHA MPUHUMATh apryMeHThl 0a3zoBoro Tumna Shape&. [Ipemiaratb KJIMEHTCKOMY
kony (peanuzainuu kjacca HatchRectanglePoly) NMpUBECTH CChUIKM Ha OOBEKTHI Kiacca
Shape K nNpaBWILHOMY TUIIYy HE COBCEM yIOOHO M 0€30I1acHO.

C npyroif CTOPOHBI, aCCOLIMATMBHBIA MAacCHUB OOPATHBIX BBI3OBOB HE MOXET XPaHUTh
pas3Hble TUMBI GYHKUMI WM QYHKTOPOB [UISI KaXIOTo 3JIEMEHTa, MO3TOMY CJelyeT CTpe-
MUTBCSI K UX eIMHOOOpa3HOMY mpencrapieHuto. B maparpade 31 kHuru Meitepca “More
Effective C++” (Meyers, 1996a) sta mpobiema yxe obcyxnaigach. IIpeobpasoBaHue
“ykazaresb Ha (DyHKLMIO — yKa3aTeslb Ha (QYHKIMIO” HE TOAXOIUT, MOCKOJbKY MOCJe BO3-
BpailleHus u3 GyHKUMU BasicDispatcher: :Add uHdopmanusi o CTaTUYECKOM THUIIE TEpsi-
€TCsl, M K KaKOMY TUIy CJeayeT MPUBOAUTH MapameTp, HeusdBecTHO. ([Tompodyiite pazobpaTh
KaKOW-HUOYIb KO, ¥ BBl Cpa3y MoKMeTe, B YeM JIeJ0.)

Mpbl pelnM 3agayy IMHAMHUYECKOTO INMPUBENEHUS TUIOB C MOMOILIBIO IPOCTOro 00par-
HOro BbI3oBa (yHKUMI (a HEe QyHKTOpOB). TakMMm oOpa3oM, 11aOJOHHBIN apryMeHT Call-
backTemplate siBnsieTcst ykazarejaeM Ha (PYHKIIUIO.

Petnth 3amauy Ham TToMoOXeT mpamnaunnas @yukyus (trampoline function), Takke M3BeCTHast
nox HasBaHueM cauk (thunk). TpammiMHHbIE QYHKUMU — 3TO MaleHbKUe (DYyHKLMM, BBITION-
HSIIOLLIME HEOOBIIIYIO HACTPOIKY Mepe BbI3oBaMu APYTUX (yHKLMIA. OObIMHO OHU UCHOB3YIOT-
¢S pa3paboTYMKaMU KOMITWISITOPOB s13bIKa C++ [UIsT peanm3aliii KOBapUaHTHBIX THTIOB BO3Bpa-
1IaeMbIX 3HAYEHMIT U HACTPOMKM yKazaTesel Mpu MHOXECTBEHHOM Hac/eIOBaHUU.

MpbI OGyneM UCITONBb30BaTh TPAMIUIMHHYIO (DYHKIINIO, BBIMOJHSIONIYIO COOTBETCTBYIOIICE
MpUBEICHUE TUIOB, a 3aTeM BbI3bIBATh (DYHKLIMIO C MOAXOASIEH CUTHATypoii, objeryas Ta-
KMM oOpa3oM paboTy mnoJjb3oBaresieil. OMHAKO CYyIIECTBYeT ofHa mpobsiema: oobekT call-
backMap_ Tenepb HOJKEH XpaHUTb déa yKaszaTedsi Ha (YHKIMU: OIWH TPeJOCTaBJIsIeTCs
ToJIb30BaTesIeM, a JAPYroii ABIsgeTcs yKasaTelleM Ha TPaMIUTMHHYI0 (YHKIUIO. DTO CHUXKAeT
ObIcTponeiicTBE MporpaMMbl. BMeCTO OIHOrO KOCBEHHOTO BbI30Ba Yepe3 yKas3aTesb y Hac
ecThb aBa. Kpome Toro, peannsanust yCIOXHSIETCS.

i ipeonosyieHusl 9TOro MpensITCTBUsI Bocnosib3yeMcs creayoiM ¢daktoM. LabaoH MoxeT
ToJTy4yaTh yKaszateJdb Ha (DyHKIIMIO B KayecTBe TapaMmeTpa, He spjstionierocs tunom. (B 6ob-
IIMHCTBE TUIOB 111a0JIOHHBIE TTapaMeTphbl, He SIBJISIIOIIMECS] TUTIAMM, TIPEACTABISIOT CO0OM 1ie10-
YUCJIeHHBIC 3Ha4YeHMsl.) BooOllle ToBOpsl, B KauecTBE IapaMeTpOB, HE SIBISIFOIIMXCS TUIIAMH,
11a0JIOHY MOXHO TMepeaaBaTh yka3aTeau Ha JIoOble I100abHble OOBEKTbI, B TOM YMCie U (QyHK-
1y, [Tpr 3TOM TOIDKHO BBITIOHSTHCS SAMHCTBEHHOE YCIIOBUE: (DYHKIIMS, almpec KOTOPOil SIBIISI-
eTcsl 111a0JIOHHBIM apryMEHTOM, JOJDKHA MMETh BHeEIlIHee cBs3biBaHMe (external linkage). Cratu-
Yyeckre (DYHKIIMM MOXHO JIETKO TIPEeBpaTUTh B (DYHKIIMU C BHEIIHUM CBSI3BIBAHUEM, YIAJTUB
KJTIOYeBOE CJIOBO static M TMOMECTUB WX B O€3bIMSIHHOE MPOCTPaHCTBO MMeH. Hampumep, B
CTaHIAPTHOM TTPOCTPAHCTBE MMEH si3biKa C++ MOXHO OOBSIBUTD CICAYIONIYIO (DYHKIIHIO.

static void Fun(Q);

4 5] yBexzeH, UTo pellleHre 3Toil PoBIeMBbl cyliecTByeT. ONHAKO, YBBI, CPOK PaGOTHI Hal KHHUIOIl
OrpaHUYeH KOHTPAKTOM.
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B 6e3bIMIHHOM MPOCTPAHCTBE UMEH 3Ta DYHKIIUS OOBSIBIISIETCS] MHAYE.
namespace

void FunQ;

Hcnonb3ys ykazareiab Ha (YHKIMIO B KauecTBE 111a0JIOHHOTO MapameTpa, He SIBIsIoLle-
rocsl TUIIOM, MBI OTKa3bIBaeMCsI XpaHWUTb €r0 B acCOLIMATUBHOM MacCUBe. DTOT BaKHBIN
MOMEHT CJIeJlyeT XOPOIIO YSICHUTh. MBI MOCTyMaeM Tak MOTOMY, YTO KOMMWJISTOpP objagaeT
cTatTnyeckoil mHpopManmeit 06 3ToM ykasartene. ClenoBaTebHO, KOMITUISITOP MOXET 3a-
(bukcupoBath agpec GyHKIMU B TPAMITJIMHHOM KOJIE.

DTy Waeo MOXHO pealu30BaTh B HOBOM Kjlacce, MCIOJb3YIOIIeM Kiace BasicDispathcer B
KauecTBe BHYyTpeHHero Oydepa (back end). HoBblii kimacc FnDispatcher mpegHasHauyeH Jist
JMCTIETYepU3aIIIU TOJIbKO (ByHKIIM, a He pyHKTOpoB. OH BKIIIOYAeT Kiacc BasicDispatcher B
CBOI 3aKpBIThIN pa3aes v MpefoCcTaBIseT COOTBETCTBYIOIIME UHTEpdeiCHbIe (DyHKIIMY.

[la6noHHas pyHKiMS FnDispatcher: :Add umeeT Tpu 11abioHHBIX MapameTpa. [IBa u3 HuX
MPEACTABISIIOT COOOM JIEBBIA M IPABbli TUIIbI, Ul KOTOPBIX PETMCTPUPYETCS AUCIIETYEPUSALIUS
(xmaccel ConcreteLhs u ConcreteRhs). Tperuii mabaoHHbIi mapameTp (callback) sasnsercs
yKasaresieM Ha ¢yHKuumio. JlonomHutenbHas GyHKIMs FnDispatcher: :Add meperpyxaer ornpe-
JIJICHHYIO BBIIIIE 1AGIOHHYIO0 (DYHKIIMIO Add, MMEIOIIYIO TOJIBKO JIBa TTapaMeTpa.

template <class BaselLhs, class BaseRhs = BaselLhs,

typename ResultType = void>
class FnDispatcher

{

BasicDispatcher<BaselLhs, BaseRhs, ResultType> backEnd_;

public:
template<class ConcreteLhs, class ConcreteRhs,
ResultType (*callback) (ConcreteLhs&, ConcreteRhs&)>
void AddQ)
{

struct Local // cm. rnaBy 2

{
static ResultType Trampoline(BaseLhs& lhs, BaseRhs& rhs)

{
return callback(
dynamic_cast<ConcreteLhs&>(1hs),
dynamic_cast<ConcreteRhs&>(rhs));
}
};
return backend_.Add<ConcreteLhs, ConcreteRhs>(
&Local::Trampoline);
}

};
Hcnonb3ys JTIOKaIbHYIO CTPYKTYPY, MbI OMPENENISIEM TPAMIUIMHHYIO (DYHKIIMIO HEMTOCPEICTBEHHO
BHYTpU (pyHKIMM Add. TpamriimHHas GyHKIMST OCYIIECTBIISIET MPYBEIEHNE apTyMEHTOB K COOT-
BETCTBYIOLIMM THUIIaM, a 3aTeM MepedaeT yrnpasieHue (QyHKIMM, Ha KOTOPYIO CChLIAeTCsl yKaza-
Telb oOpaTHOro Bbi3oBa. MDyHKIMS Add 100aBIsAeT TPaAMIUIMHHYIO (YHKIIMIO B  OOBEKT
callbackmap_ ¢ nomomuibio ¢GyHkuuu Add obbekTa backEnd_ (ompeneieHHOII B Kiacce
BaseDispatcher).

C TOYKM 3peHMs] ObICTPOAEHCTBUSI TpaMIUTMHHAS (DYHKIMSI HE CO3[aeT AOMOJHUTEbHbBIX
npoOsieM. XOTs OHAa BBITJISIIUT KaK KOCBEHHBIN BBI3OB, 3TO He Tak. Kak yka3bIBajioch BbIILIE,
KOMITWJISATOP (DUKCUPYET apec, XpaHsIIMiics B yKazaTesle oOpaTHOTO BbI30Ba, B Kome (DYHKIIMU
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Trampoline, IMO3TOMY BTOPOIi KOCBEHHBII BbI30B HE BO3HUKAET. bojee M30LIpeHHBIE KOMITHJISI-
TOPBI TPY MAJICHIIC BO3BMOXHOCTH JIEJIAI0T TPAMIUTMHHYIO (DYHKIIUIO TTOICTABIISICMOIA.
Hcnonp3oBath HOBYIO GYHKIMIO Add JIeTKO.

typedef FnDispatcher<Shape> Dispatcher;

// BO3MOXHO B 6€3bIMAHHOM MPOCTPAHCTBE WMEH
void HatchRectanglePoly(Rectangle& 1hs, Poly& rhs)
{

}

Dispatcher disp;

disp.Add<Rectangle, Poly, HatchRectanglePoly>();

bnarogapsi ¢pyHkuuu-uieHy Add kiacc FnDispatcher jierko ucrnonb3oBaTb. OH Takxke
MO3BOJISIET MPU HeoOxoamMocTu obpamatees K ¢GyHKIUM Add, ompenejeHHOW B Kiacce
BaseDispatcher.’

11.7. Knacc FnDispatcher u cummeTpus

Bbnaromapss nmHaMm3My Kjacca FnDispatcher mo6GaBuUTh B HEro MomaepXKKy CUMMETPHUU
HAMHOTO Tpollle, YeM B CTaTUYECKUil Kiacc StaticDispatcher.

JIJIs1 3TOrO TOCTATOYHO 3aperdCTPUPOBATh ABE TPAMILUIMHHBIC DYHKUMU: OTHY — JJIST BBI-
30Ba HCIOJHSIONIEH (DYHKIUM TIpA OOBIYHOM IIOpPSIAKE CIICAOBAHMUSI apryMEHTOB, a BTO-
pYyI0O — I TIepeCTaHOBKM TapaMeTpoB rnepel Bbi3oBOM. JlobGaBuMm B ¢yHKIMIO Add HOBBIN
1IA0JIOHHBIIN TTapaMeTp.

template <class BaselLhs, class BaseRhs = BaselLhs,

typename ResultType = void>
class FnDispatcher

{
template <class ConcreteLhs, class ConcreteRhs,
ResultType (*callback) (ConcreteLhs&, ConcreteRhs&),
bool symmetric>
bool Add()
{
struct Local
TpamniMHHas QYyHKUMA OCTAeTCsA NpexHeh ...
static void Trampoline(BaseRhs& rhs, BaseLhs& 1hs)
{
return Trampoline(lhs, rhs);
33 ]
Add<ConcreteLhs, ConcreteRhs>(&Local::Trampoline);
if (symmetric)
Add<ConcreteRhs, ConcreteLhs>(&Local::TrampolineR);
}
}
1

5 ®dynkumio FnDispatcher: : Add Henb3st HCTIONB30BATh TONBKO ISl PETMCTPALIMY AMHAMUYECKH
3arpyxaeMbix (GyHKIMA. I TOro 4yTOObI 3TO CTAI0O BO3MOXHO, B MPOrpaMMy HYKHO BHECTH HeOOJb-
11e U3MEHEeHMS.
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CumMeTpuyHasl JUCTieTdepu3anus B Kiacce FnDispatcher peanm3oBaHa Ha YpOBHe (hyHK-
LMNA — JJIs1 K&KJIO0W 3apervcTpupoBaHHOM (DYHKLIMU MPUHUMAETCS OTIEIbHOE PELlEHUE.

11.8. OBoitHag gucneTtyepusauns GyHKTOpPOB

Tpiok ¢ TpaMIJIMHHBIMU (DYHKIIMSIMUM XOPOILLIO paboTaeT ¢ HecTaTh4ecKUMHU GbyHKIMsSIMU. be-
3bIMSIHHBIE TIPOCTPAHCTBA MMEH TPENOCTARIISIIOT SICHBIN CITOCOO 3aMEHbI CTaTMUECKUX (DYHKIIMIA
HECTaTUYECKMMU, KOTOpbie HEBUAMMBI 32 MpeaeaMy JTaHHON eIUHUIbI KOMITVISILIVIM.

OnHako WMHOTIA HYXHO, 4YTOObI OOBEKT OOpaTHOrO BbI3OBa (IIAOJIOHHBIN TapaMeTp
CallbackType knacca BasicDispatcher) mpencraBisii co0oii Heu4TO OoJbliee, YeM OObIu-
HbII ykazarejb Ha GyHkuuio. Hampumep, MOXHO MoTpeboBaTh, YTOOBI KaXblii 0OBEKT 00-
paTHOrO BbI30BA COXPAHSI OMpEAEJEHHOE COCTOSIHME, B TO BpeMsl Kak (PyHKIMU MOTYT CO-
XPaHSITh TOJIBKO 3HAYEHUsI CTaTUYeCKUX nepeMeHHbIX. CienoBarebHO, BOZHUKAET HEO0XO0-
JIMMOCTb PErUCTPUPOBATH ISl IBOMHON NUCIeTYepUu3aluu @GyHKkmopst, a He GYHKINU.

®yHKTOpHI (TJ1aBa 5) — 3TO KJIACChl, KOTOPBIE MEPETPyKal0T ONepaTop BbI30Ba (PYHKIIUM
(), UMUTHPYST CMHTAKCHUC BBI30BAa TPOCTOil (yHKIMU. Kpome TOro, yHKTOPHI MOTYT MC-
MOJIb30BaTh NMEpPeMEHHbIE-WIEHBl MJIs1 XpaHEeHHWsI CBOEro COCTOSIHUSI U JocTyma K Hemy. K
COXaJIEHWIO, TPIOK C TPAMIUIMHHBIMU (DYHKIIMSMU HE MPUMEHUM K (PyHKTOpaM MMEHHO TO-
TOMY, YTO (DYHKTOPbI COXPaHSIIOT CBOE COCTOSIHME, a MpocThle (PyHKUMM — HeT. (A rae
TpaMIUIMHHbIE (DYHKIIMU MOTJIM Obl XpaHUTh CBOE COCTOSIHUE?)

KnueHTckuit Kog MOXeT HemocpeJACTBEHHO WCMOJIb30BaTh Kjacc BasicDispatcher,
KOHKPETU3UPOBAHHBII COOTBETCTBYIOLIMM TUIMIOM (hyHKTODA.

struct HatchFunctor

{
void operator() (Shape&, Shape&)
{

}
1

typedef BasicDispatcher<Shape, Shape, void, HatchFunctor>
HatchingDispatcher;

®yHkims HatchFunctor: :operator() He SIBISETCS BUPTYaJbHOM, IMOCKOJBKY KJlaccy Ba-
sicDispatcher HyxXeH GYHKTOp, UMEIOIIMIA CEMaHTUKY 3HAUEHUWI, a OHa TJI0XO COIJIAcyeTcs ¢
IMHaMu4YeckuM mojumopdusmMoM. OmHako ¢dyHKIMsS HatchFunctor: :operator() Moxer me-
peajipecoBaTh BbI30B BUPTYaIbHOUN (DYHKIIUU.

lopazno xyxe, 4TO KIMEHT TepsieT BO3MOXHOCTU aBTOMAaTU3allMM, TPEeIOCTaBICHHBIC
NIACTIETYEPOM, — MPUBEACHUE TUIIOB U MOJANEPKKY CUMMETPUM.

[Noxoxe, 9To MBI CIEIAIM 1Al Ha3am, HO TOJBKO €CIIM Bbl HE YMTAIM IJIaBy 5 00 00OOIICH-
HbIX (hyHKTOpax. B aToil raBe omnpezeneH kiacc Functor, ClIOCOOHBIN coiepkaTh JitoOble (hyHK-
TOpBI M yKazaTeJu Ha QyHKIINUM, a TakkKe OOBEKThl caMoro Kiacca Functor. MoxHO maxe omnpe-
JIeJISATh CrelUaIu3MpoOBaHHble OOBEKTHI Kilacca Functor, BBIBOAS MX U3 Kiacca FunctorImpl. B
KJ1acce Functor MOXHO OMNpeNesuTh TpuBeeHue TUIoB. [loMecTuB 3TH cpencTsa B OMOIMOTEKY,
MOXHO JIETKO PEean30BaTh CUMMETPUYHYIO AUCTIETYEPUSALIUIO.

OrnpenenuM Kiace FunctorDispatcher mist mo0bix 00BEKTOB Kiacca Functor. DToT muc-
MEeTYep COAEPXKUT Kilacc BasicDispatcher, xpaHsiMii BHyTpU cedst 00BEKThI Kjlacca Functor.

template <class BaselLhs, class BaseRhs = BaselLhs,

typename ResultType = void>

class FunctorbDispatcher

{
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typedef Functor<ResultType,
TYPELIST_2(BaseLhs&, BaseRhs&)>
FunctorType;
typedef BasicDispatcher<BaselLhs, BaseRhs, ResultType,
FunctorType>
BackEndType;
BackEndType backEnd_;

public:

};

Knacc FunctorbDispatcher ucnonb3yeT KOHKpeTM3allMIO Kjiacca BasicDispatcher B
KauecTBe BbIxogHOro Oydepa. Kiacc BasicDispatcher xpaHut o00bekThl TuUMa Func-
torType. OHU MPEACTABISIIOT CO00I 00BEKTHI Kiacca Functor, mojiyJyaioliue 1Ba rnapamer-
pa (kyaccoB BaseLhs u BaseRhs) 1 Bo3Bpamiaiiine 00beKT Kiiacca ResultType.

DyHkuusg-wieH FunctorDispatcher::Add ompenensier crnelMaaM3MpPOBAHHBIN Kjlacc
Adapter, Mpou3BOIHBIN OT Kjacca FunctorImpl. DTOT Kjiacc mpeaHa3HA4YeH ISl IPUBEAC-
HMST TUTIOB. HBIMU clloBaMM, OH MpeoOpa3oBbIBAET TUIMbI apryMEeHTOB BaseLhs 1 BaseRhs
B TUTIbI SomeLhs 1 SomeRhs (3TOT mpoliecc Ha3bIBaeTCs adanmayuetr).

template <class BaselLhs, class BaseRhs = BaselLhs,

ResultType = void>
class FunctorDispatcher

Kak U paHblie .
template <class SomeLhs, class SomeRhs, class Fun>
void Add(const Fun& fun);

typedef
FunctorImpl<ResultType, TYPELIST_2(BaseLhs&, BaseRhs&)>
FunctorImplType;

class Adapter : public FunctorImplType

Fun fun_;
virtual ResultType operatop() (BaseLhs& 1hs, BaseRhs& rhs)

return fun_(
dynamic_cast<SomeLhs&>(1hs),
dynamic_cast<SomeRhs&>(rhs));

virtual FunctorImplType* Clone() const
{ return new Adapter; }

public:
Adapter(const Fun& fun): fun_(fun) {}

béckEnd_.Add<Someth, someRhs>(
FunctorType(FunctorImplType*)new Adapter(fun));
}

};

Knacc Adapter nenaet To Xe, yTo M TpaMIUlMHHas ¢GyHKiusA. [TockoiabKy (yHKTOp
UMEET COCTOsSIHME, Kiacc Adapter comepXuT OOBEKThl Kjacca Fun — i TPpaMIUIMHHOMN
byHKIIMM 3TO OBUTO HeBO3MOXHO. DyHKIMSI-wIieH Clone, UMeloIas OYeBUIHYIO CEMaHTH-
Ky, HyXHa Juisl Ki1acca Functor.

®yHkims FunctorDispatcher: :Add nMeer mmpokoe nMpuMeHeHHe. Ee MOXHO MCIONb30-
BaTh JUISI PETUCTPALlMY HE TOJILKO yKazaTeseil Ha (DyHKIIMU, HO U MOYTH JI00oro yHKTOpa, Jake
0000111eHHOTO. [T 3TOr0 HYXKHO JIMIIbL, YTOOBI TUM Fun B (pyHKIMU Add moryckan mpyvMeHeHHe

Mnasa 11. MynbTumeTOabI 301



oneparopa () ¢ apryMeHTaMM THIIOB SomeLhs u SomeRhs, a TUTT BO3BpalllaeMOro 3HaUYeHUS T10-
3BOJIST TIpeoOpa3oBaHue B Kilacc ResultType. B cieayiolem npruMepe MokKa3zaHo, KaK perucT-
PUPYIOTCS Ba pa3HBIX (DyHKTOpa [Tt 00beKTa FunctorDispatcher.

typedef FunctorbDispatcher<Shape> Dispatcher;
struct HatchRectanglePoly

{
void operator(Rectangle& r, Poly& p)
{
}

};

struct HatchEllipseRectangle

{
void operator(E1lipse& e, Rectangle& r)
{
}

};

Dispatcher disp;

disp.Add<Rectangle, Poly>(HatchRectanglePoly());

disp.Add<ETTipse, Rectangle>(HatchEllipseRectangle());
[Ba 3THX (PyHKTOpa HUKAK HE CBSI3aHbI MEXIy COO0Oii (XOTs SIBJISIIOTCSI OTOMKaMKM OIHOTO
U TOro e 0a3zoBoro kiacca). OHUM JUlb peanusyroT onepatop () A TUIIOB, KOTOPbIe OHU
TIOJKHBI 00pabaThiBaTh.

Peanuzanusi cummerpumn kKinacca FunctorDispatcher aHajormyHa peaim3alii CUMMETPUUN
Kiacca FnDispatcher. ®yHkiusi FunctorDispatcher::Add omnpezaensieT HOBbII OObEKT Re-
verseAdapter, KOTOpbIil BHITIOIHSET MPYBEIEHUE TUTIOB U MEHSIET TMOPSIIOK BHI3OBOB.

11.9. NMpeoGpa3zoBaHue aprymeHToB: static_cast
nnu dynamic_cast?

Panee mist mpuBeneHUs TUTIOB BCerda MpUMEHSICS Oe3oracHbIii orepartop dynamic_cast.
OpHako 3Ta 0€30IMaCHOCTD JOCTUTANIACH 34 CYeT CHIDKeHUS 3(POEKTUBHOCTH IIPOTPAMMEL.

B MOMEHT perucTpalMi Mbl yKe 3HaeM, 4TO Halla (PyHKLUsS Uiad QYyHKTOp OyayT akTu-
BUPOBAHBI JI1 Tapbl KOHKPETHBIX, TOYHO M3BECTHBIX TUIIOB. TakuM oGpa3oM, Ipu oOHapy-
JKEHUM DJIEMEHTa, XpaHSIIErocsl B aCCOLIMaTUBHOM MacCUBE, MEXaHM3MY JIBOWHON IHMCIET-
yepu3alun u3zeecmHubl PaKTUISCKUE TUITBI. TakmM 00pa3oM, M3JIMILIHE ITOBTOPSTH IMPOBEPKY
TUIIOB C ITOMOIIBIO omepaTropa dynamic_cast, ecid IMpocToi omepaTop static_cast mo-
3BOJISIET JOCTUYD TEX K€ PE3y/IbTAaTOB 3a MEHBIIIEEe BpeMsl.

OaHaKoO CYLIECTBYIOT JBE CUTYyallMy, B KOTOPBIX orepaTrop static_cast MOXeT oKa3aThb-
Csl HEMIPUEMJIEMBIM, BBIHYXIasi MPUOETHYTh K JUHAMHYCCKOMY IIPUBEICHUIO TUIIOB C II0-
Molllplo  onepaTopa dynamic_cast. IlepBas cuTyalus BO3HMKAeT MPU MCIIOJb30BAHUU
BUPTYaJIbHOTO HacjemoBaHUs. PaccMOTpuM clieayIonIyo nepapxmio KiIacCoB.

class Shape { ... };

class Rectangle : virtual public Shape { ... };

class Roundedshape : virtual public Shape { ... };

class RoundedRectangle : public Rectangle,
public Roundedshape { ... }

Ha puc. 11.2 moka3aHbl OTHOIIIEHHSI MEXIY KJIaCCAMM, BXOISIIIUMU B 3Ty MEPapPXUIO.
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Shape

BupTyanbHbiii Z} BupTyanbHbii

Rectangle RoundedShape

RoundedRectangle

Puc. 11.2. “bpunruanmosas” uepapxus KAaccos,
UCNOABIYIOWAS BUPMYAAbHOE HACACO08AHUE

Bo3moxxHO, 3TO He camas u3siliHasl uepapxus KJIacCoB, HO Belb Mbl HUKOTJA HE 3HAEM,
YTO MOXET MOHaa00UThCs MoJib3oBaTe 0. CyllecTBYIOT BIOJIHE peasibHble CUTyalluu, B KO-
TOPBIX HEOOXOAMMBI UMEHHO “OpWIIMAHTOBbIE” MepapXvMM KJIacCOB, HECMOTPSI Ha BCE WX
HenoctaTku. CrenoBareibHO, NBOWHOM AucIieTYep, ONMpenejeHHbI HaMU, AOJKEH paboTaTh
C TaKVMHM HEpapXUsIMU.

Ha camoMm pnene mucnerdep mo-mpexKHeMY BIIOJIHE CIIpaBiisieTcsl ¢ 3agaHueM. OgHako, eciau
3aMeHMUTH orepatop dynamic_cast omepaTopoMm static_cast, Mpu TOIMbITKE MPUBECTH THII
Shape& k moboMy u3 TUIIOB Rectangle&, RoundedShape& win RoundedRectangle& BO3HUK-
HET OIMOKa KOMITWISIIMA. DTO MPOUCXOIUT TTOTOMY, YTO BUPTYAJIbHOE HAC/IENOBAHUE OTIMYAET-
Cs OT TMPOCTOro HacjenoBaHWs. BupTyanbHOe HaciaeqoBaHWE TMPEAOCTABISIET CPENCTBA, MO3BO-
JITIOIIME HECKOJbKMM MPOU3BOJHBIM KJIacCaM COBMECTHO MCIOJIb30BaTh ONMH M TOT € OOBEKT
0azoBoro kiacca. KoMnuisitop He MOXeT MPOCTO MOMECTUTh OOBEKT MPOM3BOAHOIO Kjacca B
MaMsTh, HAMEPTBO CBS3aB €ro ¢ 0OBEKTOM 0A30BOro Kiacca.

B HekoTopbIX peanuzalusiXx MHOXKECTBEHHOIO HaCeAOBAHMSI KaXKIbIi MPOM3BOAHbBIN Kilacc
XpaHUT yKasaresib Ha CBO 0a30BbIii 00BbEeKT. Bo BpeMst IpuBeaeHUST TPOM3BOIHOIO THUIA K 0a30-
BOMY KOMITWJISITOP MCIMOJb3YeT 3TOT ykaszaredb. OIHaKo OObEKT 0a30BOro Kjacca He XpaHWUT
yKazaTesib Ha O0BEeKThl TTPOM3BOAHBIX KiaccoB. C MparMaTuyHON TOYKM 3pEHUST BCE 3TO 3HAUYMT,
YTO TMOC/e MPUBENCHUST 00BEKTa IPOU3BOIHOIO TUIA K BUPTYaIbHOMY 0a30BOMY THITYy OKa3blBa-
€TCsl, YTO MEXaHU3Ma, TO3BOJISIIOIIETO BEPHYThCSI OOPAaTHO K OOBEKTY MPOM3BOJHOTO TUMA, KOM-
MUISITOp He uMeeT. HeBO3MOXXHO BBIMOJHUTD OfepaTop static_cast /s mepexona oT oObekTa
BUPTYaJIbHOTO 6A30BOTO TUTIA K OOBEKTY MPOU3BOJHOTO THUTIA.

OpHako oneparop static_cast UCMONb3yeT OoJiee CIOXHBIE CPeNCTBa ISl pacro3HaBa-
HUSI OTHOLIEHUN MEXIy KJlaccaMUu U TPEKpacHO paboTaeT AaXe ¢ BUPTyaJbHbIMU 0a30BBIMU
tunamu. Kopoue roBopsi, /Uil uepapxuii, UCMOIb3YOIIMX BUPTYaIbHOE HAceloBaHUE, Clie-
JlyeT TIpUMEHSTh orepatop dynamic_cast.

Btopasi cutyauusi BO3HUKAeT, KOrga Mepapxusi KJIACcCOB MCIONb3YET MPOCTOe (Aaxe He
BUPTYaJIbHOE) MHOXECTBEHHOE HacJieJOBaHUE.

class Shape { ... };
class Rectangle : public Shape { ... };
class Roundedshape : public shape { ... };
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class RoundedRectangle : public Rectangle,
public Roundedshape { ... }

Ha puc. 11.2 moka3aHbl OTHOIIIEHHSI MEXIY KJIaCCAMM, BXOISIIIUMU B 3Ty MEPapXUIO.

Shape

| Z% |

Rectangle RoundedShape

RoundedRectangle

Puc. 11.3. “bpunruanmosas” uepapxus KAaccos,
UCNOAB3YIOWAs HEGUPMYANbHOE HACAe008aHUe

HecMmotpst Ha To uTO (hopma Mepapxuu ocranach MPeXHel, CTPyKTypa OObEKTOB 3HAYM-
TEJbHO OTJAMYaeTcsl OT mpeabiayieir. OObekThl Kiacca RoundedRectangle Temepb MOTYT
OBITH ABYMSI pa3HbIMM TOA0OBEKTaMU TUMA Shape. BTo 3HAUUT, YTO MpeoOpa3oBaHUE O0b-
ekTa tumna RoundedRectangle B 0ObeKT THIIa Shape CTaHOBHUTCS HEOMHO3HAUYHBIM. Kakoii
i Shape nMmeeTcs B BULy — TOT, KOTOPBbIA OTHOCUTCS K TNy RoundedShape, wnu TOT,
KOTOPBI CBSI3aH C TUMOM Rectangle? AHAJOTMYHO Mbl HE MOXKEM BBITIOJHUTD Jaxe CTaTH-
yeckoe nmpuBeaeHue Tuma Shape& k tuny RoundedRectangled&, MOCKOIbKY KOMIUJISATOP HE
3HaeT, Kakoi U3 NoJ00beKTOB TUIa Shape UMeeTcs B BUILY.

Yro aenath? PaccMoTpuM crienylomuii Ko,

RoundedRectangle roundRect;

Rectangle& rect = roundRect; // OAHO3HAayHOe HesABHOEe

npeobpa3oBaHue

Shape& shapel = rect;

Roundedshape& roundsShape = roundRect; // OAHO3HA4YHOEe HesABHOE

npeobpa3oBaHue

Shape& shape2 = roundShape;

SomeDispatcher d;

Shape& someOtherShape = ...;

d.Go(shapel, someothershape);

d.Go(shape2, someothershape);
31ech BaxXHO TO, YTO AUCIETYEP MCMOJB3YET onepaTtop dynamic_cast /Ui npeodpa3oBaHus
tura Shape& B Tuil RoundedShape&. Eciay momblTaThesl 3aperucTpUpOBaTh TPAMILUIMHHYIO
by mua npeobpaszoBaHus TMNa RoundedRectangle& B Tum Shape&, BO3HMKHET
olMOKa KOMOUJISILIUUA.

Ecnau aucrnietyep MConb3yeT OINEpaTop AWHAMUYECKOTO TMPUBENECHUS TUITOB, HUKAKUX
npobyieM BooOle He Bo3HMKaeT. OmepaTtop dynamic_cast<RoundedRectangle&> mpume-
HseTcsd K JII0ObIM mogoObekTaM 6a30BOro kiacca Shape, mo3BoJisisl MOJTYYUTh NMPaBUJIbHBIN
00beKT. OUeBHUIHO, YTO Jyylle AUMHAMUUYECKOTO MPUBENECHUS TUMOB HUYEero Het. Omneparop
dynamic_cast pa3paboTaH Uil TOJYYEHUS] MPABUIbHBIX OOBEKTOB B MEPAPXMU KIIACCOB,
HE3aBUCHUMO OT CJIOXKHOCTH MX CTPYKTYPHI.
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Hrak, omepaTop static_cast Heb3sl MPUMEHSTH IUISl TBOMHOW AMCIICTYEPU3ALINU He-
papxuu KJIaccoB, B KOTOPYIO 0a30BbIi KJIacC BXOLUT HECKOJIBKO pa3, HE3aBUCUMO OT TOrO,
BUPTYaJIbHO HacJIeI0BaHUE WIM HET.

MoxeT mnokasarbecsi, YTO ornepaTtop dynamic_cast cienyeT NMPUMEHSITb MpPU CO3AaHUU
JMOOBIX AucTieTdyepoB. OMHAKO CYIIECTBYIOT IBa MTOMOJHUTEILHBIX MOMEHTA.

e QOueHb HEMHOTWE peajibHble MEePapXUU KJIACCOB WCIONb3YIOT “OpMIUIMAHTOBYIO”
dbopmy HacnenoBaHus. Takue uepapxuu CAUMIIKOM CJOXHBI, U MPOOJIEMbl, KOTOPbIE
OHU TTOPOXKIAIOT, TIEPEeBEIINBAIOT UX JAOCTOMHCTBA. [103TOMY Pa3pabOTYMKU OOGBLIYHO
n30eraloT MPUMEHSITh TaKUe UepapXuu KJIacCoB.

e Ormeparop dynamic_cast BbINOJHIETCS HAMHOTO MeJJIEHHee, YeM olepaTop
static_cast. Ero Moup gocturaercs 3a cueT CHUXeHUsl ObicTpoaeiicTBusi. MHorue
KJIMEHTHl paboTalOT C OYeHb MPOCTHIMU HEPAPXUSIMU KJIACCOB M XOTST, UTOOBI MX
nmporpamMmbl  pabotanu ObicTpo. Mcronb3oBaHue omnepatopa dynamic_cast CTaBUT
KJIMEHTOB Tepesl BBIOOpOM: pa3paboTaTh COBEPILIEHHO HOBBIM AMCMETYEp WJIM BHECTH
U3MEHEHUST B OMOINOTEKY.

B 6ubnuoreke Loki peanuszoBaHa ctparerusi CastingPolicy. OHa mnpeacTaBisieT co0oit
1abJOHHBIN KJIacc ¢ ABYMsI MapaMeTpaMU: UCXOAHbBIN U pe3yabTUpyloliuil Tunbl. CTpaterus
CONEPXUT €IMHCTBEHHYIO CTaTMYecKylo (GyHKUMIO Cast. Huke mpuBoauTcs omnpeaeieHue
KJlacca DynamicCaster.

template <class To, class From>
struct DynamicCaster
{

static To& Cast(From& obj)

{

return dynamic_cast<To&>(obj);

};
Hucneryepsl FnDispatcher u FunctorDispatcher ucnonb3yoT crpateruto Casting-

Policy, cienyst mpuHUMUIIaM, cOpMYIMPOBAaHHBIM B TiaBe 1. Huxke mpuBoautcs Moaudu-
LIMPOBAHHBIN Kjlacc FnDispatcher (M3MeHeHUs BBIAEICHbBI TOJY>XXUPHBIM HIPUDTOM).

template
<
class BaselLhs,
class BaseRhs = BaselLhs,
ResultType = void,
template <class, class> class CastingPolicy = DynamicCaster
>
class FunctorbDispatcher

{

template <class SomeLhs, class SomeRhs, class Fun>
void Add(const Fun& fun)

class Adapter : public FunctorType::Impl
Fun fun_;
virtual ResultType operator() (BaseLhs& Ths,
BaseRhs& rhs)
return fun_(

CastingPolicy<SomeLhs, BaseLhs>::Cast(lhs),
CastingPolicy<SomeRhs, BaseRhs>::Cast(rhs ));
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KaK U paHblie

%éckEnd_.Add<Someth, someRhs>(
FunctorType(new Adapter(fun));
}

};

OOparuTe BHMMaHWE Ha TO, YTO MO YMOJYAHMIO CTpaTerusi KOHKPETU3UPYETCS KIIacCOM
DynamicCaster.

B 3zakimoueHne monpoOyemM BOCITOB30BATLCS CTPATETUE MPUBENEHUS TUIIOB JUISL JOCTVIXKE-
HMSI MHTEPECHBIX pe3yJbTaToB. PaccMoTpuM mepapxuio KjaccoB, M300pakeHHyr Ha puc. 11.4.
OjiHa ee YacTb He MCMONb3yeT “OpUUIMaHTOBOe” HacleJOBaHUe, MO3TOMY Ul Hee MOXXHO CMEJo
MPUMEHSTH orepatop static_cast. Hanpumep, onepatop static_cast ycrenHo rnpeoopasyer
tun Shape& B Tun Triangle&. C aApyroit CTOpOHbBI, ornepaTop static_cast Helb3sl MPUMEHSTh
IUIsl TIpuBeNeHusT Thumna Shape& K Tumy Rectangle& u it000My MPOU3BOAHOMY OT HETO THILY,
3[IECh HYXKHO MCIIOJIb30BaTh ornepartop dynamic_cast.

Shape

A

Triangle Rectangle RoundedShape

RoundedRectangle

Puc. 11.4. Hepapxus kaaccos, codepicawas “bpusiuanmogyro” wacmo

JIOITyCTHM, YTO MBI OMNpEIEsIsieM CBOIO COOCTBEHHYIO CTPATeTHIO TPUBEICHWS THUITOB JUIST
TMaHHOM Mepapxuu KiaccoB. HazoBeMm ee ShapeCaster. [To yMom4aHMIO B HEMl MOXKHO TIpUME-
HATB orepaTop dynamic_cast, Crieluaanu3upyst 3Ty CTPATeTHiO VI OTACIBHBIX CUTYALIMIA.

template <class To, class From>
struct ShapecCaster

¢ static To& Cast(From& obj)

return dynamic_cast<To&>(obj);
}; !
template<>

class ShapeCaster<triangle, Shape>
static Triangle& Cast(Shape& obj)
{

return static_cast<Triangle&>(obj);
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Tenepb MBI BO BCECOPYXKHNUN — KOTrJa MOXHO, MCITOJIb3YCTCA 6I)ICTpOC OPpUBCACHUE TUIIOB,
a B OCTAJIbHBIX ClIydyadxX — 06e3o1acHoe.

11.10. MynbTmeTOoAbl C NOCTOSSHHBIM BPEMEHEM
BbIMOJIHEHUA

CraTuyeckue OUCTeTYephbl CAUIIKOM OrpaHUYEHbI, a TMHAMMYECKHUE CIUIIKOM MEIJIeH-
Hbl. YTO nenath, €CiM HaM Hy>XK€H ObICTPbIA M MaclTabMpyeMblii nucrneryep?

B atom citydae HyxXHO repepaboTaTh CBOM KJIaCcChl, OTKPBIB MX [UIsI BMEIIATEICTBA JBOMHOTO
JucreTyepa. DTta BO3MOXKHOCTb OTKPBIBAET HOBbIE MepcrieKTUBbI. [lonnepka MpruBeneHUsT TUTIOB
ocTaeTcsl 6e3 M3MEHEHHs, OMHAKO CPENCTBA [UIST XpaHEeHUST Y OOHApYXeHUsT 00pabOTUMKOB TIpH-
JIETCSl UBMEHUTD (BeJlb OHU MMEIOT JlorapudMuyeckoe BpeMsl BHITIOJTHEHMS).

YTo0bI pazpaboTaTh 0oJiee COBEPIIEHHBI MEXaHU3M JAUCIIeTYEpU3allMi, BHOBb 331 M-
Cs BOIPOCOM: YTO TaKoe NBOiHasi aucrietyepusanus? Ee MOXHO MHTEpNnpeTupoBaTh Kak
nouck GyHkumu (uim ¢GyHKTOpa) Ha Tockoctd. Ha omHoOl M3 oceil OTJIOXEHBI TUIIBI Jie-
BOI0O oreparopa, a Ha Apyroii — npasoro. Haiins nepeceyeHue IBYX THUIIOB, Mbl OTBILLEM
HyxHy10 ¢yHkumto. Ha puc. 11.5 nokazaHa nBoiiHasi qucrieTuepysanys Ui ABYX UepapXxuii
Ki1accoB — Shape u DrawingDevice. O6paboTunkamu SIBISIOTCS DYHKIIMM PUCOBaHUSI, KO-
TOpbI€ 3HAIOT, KaK M300pa3uTh OOBEKT Kiiacca Shape ¢ momolpio 00bekTa DrawingDevice.

N

OKpYXHOCTb
dnnnnc
TpeyronsHuk

[MpsimoyronsHrK

Y

OKpaH
noTTep
MpuHtep
MamsTb

Puc. 11.5. Jucnemuepusayus uepapxuti Shape u DrawingDevice

HerpynHo moragartbest, 4To ISl JOCTIZKEHUS TIOCTOSIHHOTO BPEMEHU ITOMCKA TOYKM Ha TLIOC-
KOCTU CJIelyeT UCIOIb30BaTh MHIEKCUPOBAHHBIN TOCTYM K 3JIeMEHTaM IByMEPHON MaTpULIbL.

Maes BO3HUKAET HEMEUICHHO: KaXKIbIi KJIACC JOJDKEH aCCOLMMPOBATHCS C YHUKAIbHBIM
LIEJTBIM YHCJIOM, TIPEICTABIISIONIMM CO0OM MHICKC B MaTpHIle aucrnerdepa. JocTym K 3TOMy
YUCITY M3 JI00Oro KJacca JOJDKEH OCYLIECTBIISATHCS 3a MOCTOSIHHOE BpeMsi. JJIs 3TOro Mox-
HO TIPUMEHUTH BUPTYaIbHYIO (yHKIM0. [1py IBOWHOW MUCHeTYepU3alMy BBI30BA IHCITET-
4yep M3BJIEKAET [IBa MHIEKCA M3 IBYX OOBEKTOB, 0OpallacTcs K 00pabOTYMKY, 3allMCAHHOMY B
MaTpule, U aKTUBHPYET ero. DTO CBSI3aHO CO CJEAYIOIIMMU 3aTpaTaMu: JIBa BUPTYaJIbHBIX
BBbI30Ba, OIHA OIEpalisl MHICKCUPOBAHUS MATPHIIBI M BBI30B (DYHKIMU Yepe3 yKaszaresb Ha
Hee. Ha 3TO yXomuT ITOCTOSTHHOE BpeMsl.
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Ha mepBbIit B3I Mest TIpeKpacHa, OMHAKO HE BCE ee JeTalM JIErKO peaan3oBarh. Harpu-
Mep, TIOIIepKKa WHICKCHMPOBAHMSI CKOpPEe BCErO OKakeTcs HeymoOHou. It Kakmoro Kiacca
HYXHO 3a[aTh YHUKAJIbHBI MICHTU(MUKANMOHHBIA HOMED, HANESCh, YTO KOMITMISITOP CMOXKET
OOHAPYXUTh BO3MOXHBIC MyOMKaThl. OTCYET 3THX HOMEPOB CJICAyeT HaYMHATL C HYJISI M He Je-
JIaTh MPOIIYCKOB, B IIPOTUBHOM CJIy4ae B MATPULE BO3HUKHYT ITYCTHIE YYACTKU.

HamHoro Jy4iire mopyduTh WHICKCUPOBaAaHWE caMOMy mucIieTdepy. Kakmbrii Kiacc mos-
KEH XPaHWUTh CBOIO CTATMUYECKYIO LCIOYMCIICHHYIO IMepeMeHHylo. Ee mcxomHoe 3HaueHUe
JOJDKHO PaBHATHCST —1, YTO O3HAyYaeT “He IMPUCBOCHHBI HOMep”. BupTyanbHast DyHKIHS
JOJDKHA BO3BpALIATh CCHUIKY HA 3TO LEJOYUCIEHHOE 3HAYEHME, ITO3BOJISAS OUCIECTYEPY W3-
MEHSTh €ro B XOJ¢ BBHIMOJHEHUST Iporpammbl. [1py noGaBiieHWM B MaTpHUIly HOBOTO obOpa-
0OTYMKA OUCIIETYEDP HOJDKCH MPOBEPUTH €r0 MACHTU(PUKAUMOHHBIA HOMep. Eciu oH paBeH
—1, eMy cienyeT NpUCBOUTh CIACIYIONIVI JOCTYITHBIA MHACKC MATPUIIH.

Huxe mpuBemeHa OCHOBHAsI YacTh peajn3allii — MaKpOC, KOTODPBIA CIeAyeT ITOMECTUTh
B KaXKIbIil KJIACC, BXOMSIIUI B MEPAPXUIO.

#define IMPLEMENT_INDEXABLE_CLASS(SomeClass)\
static int& GetClassIndexStatic()\
AN
static int index = -1; \
return index; \
N
virtual int& GetClassIndex()\
AN
assert(typeid(*this) == typeid(SomeClass));\
return GetClassIndexStatic();\
}

DTOT Makpoc cJeayeT IMOMECTUTh B OTKDBITHIM pa3ies KakIoro Kiacca, IUIsi KOTOPOTO
NpeayCcMaTPUBAETC MHOXKECTBEHHAS AMCTIETYepU3aLus.

[abnoHHBIN Kimacc BasicFastDispatcher TmpemocTaBisgeT Te Xe (YHKIIMOHAIbHBIC
BO3MOXHOCTM, YTO M MpPEXHUI Kiacc BasicDispatcher, MCMoib3ys Apyrue MeXaHU3MbI
XpaHEHUST Y U3BJICUCHUST TaHHBIX.

template
<
class BaselLhs,
class BaseRhs = BaselLhs,
typename ResultType = void,
typename CallbackType = ResultType (*)(BaseLhs&, BaseRhs&)
>
class BasicFastDispatcher
{
typedef std:vector<CallbackType> Row;
typedef std::vector<Row> Matrix;
Matrix callbacks_;
int nextIndex_;
public:
BasicFastDispatcher() : columns_(0) {}
template <class SomeLhs, class SomeRhs>
void Add(callbackType pFun)
{
int& idxLhs = SomeLhs::GetClassIndexStatic();
if (idxLhs < 0)

6 VIMEeHHO MHOJNCecm@ennas, a He TOJNBKO ABOIHAs. DTO pellieHHe Jerko 06OGLIMTh Ha Ciydail
MHOXECTBEHHOM IHMCIIETYePU3AIIIH.
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callbacks_. resize(++nextIndex_);
idxLhs = callbacks_.size() - 1;

else if (callbacks_.size() <= idxLhs)

callbacks_.resize(idxLhs + 1);

}
Row& thisRow = callbacks_[idxLhs];
int& idxRhs = SomeRhs::GetClassIndexStatic();
if (idxRhs < 0)
{
thisRow.resize(++nextIndex_);
idxRhs = thisRow.size() - 1;

else if (thisRow.size() <= idxRhs)
{

thisRow.resize(idxRhs + 1);

thisRow[idxRhs] = pFun;
}
};
Marpuiia oOpaTHbIX BbI30BOB pEaJM3yeTCsl B BHUIE BEKTOPA, COCTOSILIETO M3 BEKTOPOB
Tia MappedType. DyHKIMST BasicFastDispatcher: :Add BBITTONHSIET CIIEAYIOUIYIO T10O-
CJIEIOBATEJIbHOCTh AEUCTBUIA.

e U3BiekaeT uaeHTU(UKALIMOHHBIA HOMEP KaXIOro Kjacca, BbI3bIBasi (DyHKIMIO Get-
ClassIndexStatic.

e BhIMOIHSAET MHULMAIM3ALNIO U HACTPOMKY, €CIM OOWH WIM 00a WMHIEKCAa He ObLIN
MTPOMHUIIMATM3UPOBaHbL. [l HEeMHWIIMAIU3UPOBAHHBIX WHAEKCOB (GyHKIMS Add
pacLIMpsieT MaTpuily, J00ABISISI B HEE TOMOIHUTEIbHBIA JIEMEHT.

e Bcrapmser O6paTHbII7[ BbIZOB B COOTBCTCTBYIOIIYIO ITO3UIIUIO MATPUIIbI.

[NepemenHas-wieH columns_ TIOACYUTHIBAET KOJWYECTBO CTOJIOIIOB, MOOABICHHBIX K
JaHHOMY MoMeHTy. CTporo roBopsi, 3Ta INepeMeHHasl M3JIUILIHS. BelunuciieHne Makcumab-
HOI IUIMHBI CTPOKM B MaTpHIIe IIPUBEICT K TOMY XK€ pe3yabrary. OgHako mepeMeHHast col-
umns_ po0aBiieHa I yaio0CTBa.

Teneprp nerko peann3oBaTh QYHKIMIO BasicFastDispatcher::Go. OCHOBHOE OTIMYME
OT MpeAbIAYIIeH peanu3aliu 3aKI04aeTcsl B TOM, YTO Terepb (YHKIKS GO MCIOJb3yeT BUP-
TyabHyI0 (pyHKIMIO GetClassIndex.

template <...>
class BasicFastDispatcher

... KakK 1 paHbue ...
ResultType Go(BaseLhs& Ths, BaseRhs& rhs)
{

int& idxLhs = Ths.GetClassIndex();

int& idxRhs = rhs.GetClassIndex();

if (idxLhs < 0 || idxRhs < 0 ||
jdxLhs >= callbacks_.size() ||
jdxRhs >= callbacs_[idxLhs].size() ||
callbacks_[idxLhs][idxRhs] == 0)

obpaboTka owmnbok
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return callbacks_[idxLhs][idxRhs].callback_(lhs, rhs);
}

1

IMonBenem utorn. Ml ornpeaeuIv AUCIIETYEP, UCIOAb3YIoIUid MaTpully. OH Mo3BoJIsIeT
BBIIIOJTHUTH OOPaTHBIM BBEI30B Ha IIOCTOSIHHOE BPEMS C ITOMOIINBIO JTOCTyHAa K ILICJIOYMCIICH-
HOMY MHIEKCY Kaxnoro kjiacca. KpoMme Toro, oH BBINOJHSET aBTOMAaTUUYECKYI0 MHMIIMAIM-
3alIMI0 JAaHHBIX (MHIEKCOB, COOTBETCTBYIOIIMX KiaccaM). [loab3oBarenu kiacca BasicFast-
Dispatcher HOJDKHBI 100aBUTh B KaXKAbI KJIACcC, MCIOJb3YIOIIMIA AUCIETYEP, OAHY CTPOKY
Makpoca IMPLEMENT_INDEXABLE_CLASS (kzacc).

11.11. Knaccoi BasicDispatcher n BasicFastDispatcher kak
cTpartermm

Knacc BasicFastDispatcher (ocHOBaHHBIN Ha MaTpulle) MpPeANOUYTUTENIbHee Kiacca
BasicDispatcher (OCHOBaHHOTO Ha acCOUMATMBHOM MAacCUBE) C TOYKM 3pEHUsST OBICTPO-
neiictBusg. OQHAKO Ha OCHOBE Kijacca BasicDispatcher OblivM pa3paboTaHbl MpeKpacHbIC
Kiaccel FnDispatcher u FunctorDispatcher. MoxHO M co3marh ABa HOBBIX KJjlacca —
FnFastDispatcher u FunctorFastDispatcher, KOTOpble MCMOJB30BaIM ObI Kjiacc Ba-
sicFastDispatcher?

Jlyuyiie mombITaThCA amanTUpOBaTh Kjacchl FnDispatcher u FunctorDispatcher Tak,
yTOObl OHM MOTJIM MCIIOJIb30BaTh KJjacc BasicDispatcher uiau BasicFastDispatcher B
3aBUCUMOCTH OT 1IA0JIOHHOTO TapaMeTpa. TakuM o0pa3om, AUCIIETYEp CIIEAYET peaan30BaTh
B BUIIE cmpameeuu JJI KJaccoB FnDispatcher u FunctorDispatcher, Kak 3To Mbl Aefanu
IUUIS1 TIpUBENIEHUST TUTIOB.

3amavya npeobpa3oBaHus AMCIETYEPA B CTpaTernio obserdyaercsi, MOCKOJbKY Kiacchl Ba-
sicDispatcher u BasicDispatcher uMelOT oAMHAKOBBIM MHTepdeiic Bbi3oBa. Takum 00-
pa3oM, UX JIETKO MEHSATb MECTaMU, U3MEHSIS 1Ia0JJOHHBII apryMeHT.

Hwuxe npuBomuTcs momubuiimpoBaHHOe OOBsIBICHUE Kiacca FnDispatcher (kmacc
FunctorDispatcher oOBSBISIETCS aHAJIOTUYHO).

template

<

class BaselLhs,
class BaseRhs = BaselLhs,
typename ResultType = void,
template <class, class>
class CastingPolicy = DynamicCaster,
template <class, class, class, class>
class DispatcherBackend = BasicDispatcher

>

class FnDispatcher; // AHanoruyHo knaccy FunctorDispatcher
CaMM KJ1acChl MPaKTUYECKU HE U3MEHSIOTCS.

YTouHMM TpebOoBaHMsI, MpedbsBisgeMble K cTpateruu DispatcherBackend. Ilpexne
BCETO, OYEBMIIHO, YTO 3Ta CTpATervs MOJKHA ObITh MIA0JOHHBIM KJIACCOM C YEThIPbMS Ta-
pameTpamMu. CeMaHTUKa 3TUX NapaMeTpOB TaKoBa.

e Twur ieBOro orepanna.
e Twum npaBoro onepaHza.
e Twurr 3HaYeHUsI, BO3BPAIIAeMOT0 OOPATHBIM BBI30OBOM.

e Tumn oGpaTHOroO BHI3OBA.
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B Ttab6n. 11.1 xnacc BackendType mpejacraBiseT coboii KOHKpeTU3alMIO TUCTIETYepa, a

00beKT backEnd — mepeMeHHyI0 3TOro THIIA.

Mbl HE€ yIIOMUWHaJIU, —

Tabauia comepXuT (YHKIWHA, O KOTOPBIX
He GecriokoiiTech. [ToHOe ommcaHuWe mUcCIeTYepa MOJDKHO Comep-

KaTh (YHKUMU ydaJleHUs] OOpaTHBIX BBI3OBOB M “MAaCCUBHOIO” MPOCMOTpa 6e3 oOpalleHUs
K o0paTHbIM BbIzoBaM. OHM peanusyloTcs TPUBUATbHBIM 00pa3oM. UX omnucaHue mpuBeaeHO
B 6ubnuoreke Loki B ¢aitne Multimethods. h.

Ta6nuua 11.1. TpeGoBaHus, npeabsaBnsembie k ctpaterum DispatcherBackend

Boipaxenue Tun Bo3Bpamaemoro IIpumeyanus
3HAYEHHSA
copy, assign, swap, destroy CeMaHTHKa 3HaYeHUI
backend.Add<SomeLhs, void Jlo6apisieT 06paTHbIIA BBLI30B B
SomeRhs>(calTlback) 00bekT backEnd s TUIIOB
SomeLhs u SomeRhs
backeEnd.Go(BaseLhs&, ResultType BoInosnHsAeT IpoCcMOTp U
BaseRhs&) JIUCITETYEPU3ALIAIO IJIST IBYX
00bekTOB. Ecim 00paboTunk He
HalZIcH, TeHEpUPYET
UCKJTIOUUTENBHYIO CUTYALIMIO
std::runtume_error
backEnd.Remove<SomeLhs, bool VnanseT o6paTHBIl BBI30B I
someRhs>() turnos SomeLhs u SomeRhs. Eciu
0OpaTHLI BBI30B CYLIECTBOBAI,
BO3BpalIaeT 3HaueHue true
backend.HandlereExists bool Ecau o6paTHLIN BBI30B IS TUIIOB

<SomeLhs, SomeRhs>()

SomeLhs u SomeRhs
3aperucTpupoBaH, BO3BpallaeT
3HaueHue true. HoBblit oOpaTHBII
BBI30B HE J100aBIISIETCS

11.12. NepcnexkTusbl

MBI cTOMM Ha MOpOre HOBBIX 0000IICHWI. Pe3ynbTaThl, MOJydeHHBIC MpU pa3paboTKe
JBOMHOIO AMCIIETYEPA, MOXHO IPUMEHMTH ISl pealu3aliy ICHCTBUTEIBHO O00OOIICHHOM

MHOXECTBEHHOM NUCIETYEPUALIUU.

Ha camom nmenre 310 1OBOJIBLHO IIPOCTO. Mur OINpeCaCININ TPU TUIIA TUCIICTUYCPOB.

e CraTuyecKuii JUCTIETYEDP, YIIPABISIEMbIN IByMSI CIIMCKaAMU THUTIOB.

e JlucneTuep, ynpaBiisieMblii aCCOLIMAaTUBHBIM MacCCUBOM, COJEPXKAIIIMM TMapbl 00bEKTOB
tuna std: :type_info’ B KayecTBe KIIIOYEN.

e Jlucmeruep, yrpaBisieMblii MaTpulieil, MHIEKCUPOBAHHON YHUKAJIbHBIMU WIECHTU(DU-
KallMOHHBIMM HOMEpaMu KJIAcCOB.

DT OWCIIeTYephl MOXHO JIETKO 0000muTh. CTaTUYECKWI OUCTIeTYep, YIpaBIsIeMBbIi
JIBYMSI CIIMCKAMM THUITOB, MOXHO IIpeOOpa3oBaTh B AMCIIETYEDP, YIIPABISIEMBIA OOHUM CITH-

7 DT 06BEKTHI CKPBITH 110 000JI04KOil Kitacca TypeInfo, obieryaiouero cpaBHeHHe ¥ KOIH-

poBaHUE.
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CKOM THUIIOB, 3JIEMEHTaMM KOTOPOTO B CBOIO OUepellb SIBIISIOTCS CIUMCKU TUITOB. DTO BIOJIHE
peayibHO, MOCKOJIbKY CIMCKM THUIIOB TaKXe SIBISIIOTCS TMMamu. Huke mpuBeneH orepaTop
typedef, omnpeneisiomnii CIMCOK TUIIOB, COCTOSIIIWM M3 TPeX CIHUCKOB TUIIOB, KOTOPBIA
MOXHO NMPUMEHUTb ISl TPOHHOM AucreTyepusaluu. MHTepecHo, YTO BO3HUKAIOIIMI B pe-
3yJIbTaTe CIUCOK JACUCTBUTEIBHO JIETKO TTPOYECTh.

typedef TYPELIST_3
(

TYPELIST_3(Shape, Rectangle, Ellipse),
TYPELIST_3(Screen, Printer, Plotter),
TYPELIST_3(File, Socket, Memory)

ListofLists;

[uvcrnieTyep, yrpapisieMblii aCCOLIMATUBHBIM MacCUBOM, MOXHO MpeoOpa3oBaTh B UCIETYED,
yIpaBIsieMblii BEKTOPOM OOBEKTOB Tura std::type_info (B omwmuume or Tumna std::pair).
Pa3mep sTOr0 BekTOpa paBeH KOJIMYECTBY OOBEKTOB, BOBJIEYEHHBIX B MHOXECTBEHHYIO TUCIIETYE-
puzanmoo. OOBSIBIEHNE 3TOTO KJlacca MOXKET BBITJISIIETh CCAYIOIIMM 00pa3oM.

template

<

class ListofTypes,
typename ResultType,
typename CallbackType

>

class GeneralBasicDispatcher;
[la6nouHbIit apamerp ListOfTypes mpencrasisier coOO CIMCOK TUIIOB, COAEpXKallvil 6a3o-
Bbl€ TWUIIbI, BOBJICYEHHbIE B MHOXECTBEHHYIO OUCIeTYepu3auuvio. Hampumep, npu ILITPUXOBKE
repeceveHust IByX (puryp MoxKHO ObUIO ObI TIPUMEHUTH CIIMCOK TYPELIST_2 (Shape, Shape).

ducneryep, ynpapiasieMblii MaTpuleid, MOXHO OOOOLIMTH C MOMOULIBIO MHOTOMEPHOIO
MaccuBa, KOTOPbIA MOXHO TMOCTPOUTh HA OCHOBE PEKYPCHMBHOTO 11abjsoHHOTO Kiacca. Cy-
LIeCTBYIOLIasi CXeMa MPUCBOEHUS HMICHTU(UKAIIMOHHBIX HOMEPOB OCTAeTCSl HEM3MEHHOIA.
Crnenyer OTMETUTb, UYTO MEPAPXMIO KJIACCOB, MCIOJB3YEMYIO JJIsI JBOMHOUW muUcCreTYepu3a-
LMW, MOXHO 0€3 U3MEHEHWS TTPUMEHSITh U JIJI1 MHOXECTBEHHON NUCTETYEPU3ALINU.

Bce aTu Bo3MOXHBIE pacuIMpeHusi TPeOYOT 00JbiIoro oobema paboThl. OCOOEHHO TPY/I-
Hasl mpobJjieMa, CBsSI3aHHAsI C MHOXECTBEHHOI AucIeTyepu3aleil, 3aKIo4aeTcsi B TOM, 4TO
B s13bike C++ HET yHUBEPCAJIbHOTO criocoba TipeacTaBiieHust (yHKIWI, UMEIOIIMX Tepe-
MEHHOE KOJIMYECTBO apTyMEHTOB.

B nacrosiiumit momeHT Oubnuoreka Loki peanusyeT Juilb ABOMHYIO NUCTIETYEPU3ALIUIO.
Ee 0000111eHMsT YynTaTENM MOTYT MOMPOOOBATH OCYILIECTBUTh CAMOCTOSITEIBHO.

11.13. Pe3iome

MynbTUMETOIBI — 3TO 00O0OILEHHBIC BUPTyalbHble (GyHKIMK. CHUcTeMa MOANEPXKKHU BbI-
MOJHEHUS MporpaMMm Ha si3bike C++ pealn3yeT OUCHeTYCpU3aLUI0 BUPTYaTbHbIX (QYHKIMI
10 OMHOMY KJIACCy, a MYJIbTUMETOABI OCYIIECTBIISIOT MHOXECTBEHHYIO OUCIIETYCPU3ANAIO B
3aBUCMMOCTU OT HECKOJIbKMX KJIACCOB OJHOBPEMEHHO. DTO IO3BOJISIET peaau3oBaThb BUPTY-
aJbHBIC (QYHKIIUM IJIsI HA0OPOB TUIIOB, a HE IS OTASILHOTO THUIIA.

MyJbTUMETOBI JIy4llle BCEIO peaanu30BbIBaTh KaK CBOMCTBO si3bikKa. B s3bike C++ Takmx
CpPeICTB HET, HO €CTh HECKOJIBKO CIIOCOOO0B, ITO3BOJISIIONIMX MCIIOJIb30BaTh MYJIbTUMETONIBI B
BUAEe OMOIMOTEK.

MynbTUMETONBI HY>KHBI B TIPWJIOXECHUSIX, BBITIOJHSIONINX T¢ WJIM WHBIC aJITOPUTMBI B 3a-
BUCHUMOCTHU OT TUIIOB OJHOIO WJIM HECKOJbKMX 00BEKTOB. OOBIYHO OHU TPUMEHSIIOTCS IS
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00pabOTKM CTOJKHOBEHUU WM TIEpeceuyeHUil MOIMMOP(MHBIX 0OO0BEKTOB, a TAKXe OTOOpaKe-
HUSI 0O0BEKTOB PA3HBIMU YCTPOWCTBAMU.

B 3T0i1 rmaBe Mbl OrpaHUYWINCH ABOMHOU aucrneryepusanueit. OObeKT, BBITOJHSIIONINI
BbI30B COOTBETCTBYIOILIEH (DYHKIIMU, Ha3bIBae€TCs ABOMHBIM nucreryepoM. CyllecTBYeT He-
CKOJIBKO THUIIOB AUCIIETYEPOB.

o  Cmamuueckui ducnemuep. OH Tojaraercss Ha WHMOPMALIMIO O CTaTHYECKMX THUIIAX
(TIpeIOCTaBICHHYIO B BHAE CIMCKAa THMIIOB) W BBITIOJHSET JUHEWHBIA pa3BEPHYTHIA
IOMCK COOTBETCTBYMOIEro Tuma. Kak ToJIbKO TpeGyeMblil THUIT HaiioeH, AMCIIETYEP
BBI3bIBAET MEPErpyKeHHYI0 (PYHKLUMIO-UIeH A5l 00paboTKU OOBEKTa.

o Jlucnemuep, ynpaeasemviii accoyuamusHoim maccueom. OH UCIONb3YET aCCOUMATUBHBIN
MaccHB, KJIIOUaMHU KOTOPOTO SIBIISTIOTCS OOBEKTHI Kiacca std::type_info. B atom
MaccHUBe XpaHSITCSl OOpaTHbIE BbIZOBBI (JIMOO yKazaTeau Ha (pyHKUUM, JUOO (YHKTO-
pBI). AJITOPUTM PACIIO3HABAHMS THUTIA BBITTOJHSECT OMHAPHBIN TTOMCK.

o Jlucnemuep, ynpaeasemvili mampuyeli. DTO CaMbIii OBICTPBIM IUCIETYEP, OTHAKO IS
€ro MPUMEHEHUsS] HYXHO MOAUMDUIMPOBATH Kiacchl (J00aBUThb MAaKpoC B KaxIbli
KJIacc, K KOTOpOMY TIpUMEHsIeTCs nucrierdepusanus). s Takoi aAucrieTdepu3annu
HY>XHO BBITIOJIHUTb JIBa BUPTYaJbHbIX BbI30Ba, HAOOP UMCIOBBIX MPOBEPOK M OMNepa-
LIMIO JOCTYIA K 3JIEMEHTY MaTPUIIbI.

Ha ocHose YKa3aHHBIX BbIIIC AUCIICTYCPOB MOXKHO PCAIN30BATH CICAYIOLINC (I)yHKJ_[I/IO—
HaJIbHbIC BO3MO2KHOCTH.

o Asmomamu3supogéannoe npeobpazosanue munos. (He myraiiTe ¢ aBTOMaTM4YECKUM
nmpeobpa3zoBaHueM TUMOB.) JJIsT BbI30Ba IMCIIETYCPOB HEOOXOAUMO BBITTOJHUTH
MpuBeaeHUE 6a30BBIX TUIIOB K MPOM3BOAHBIM. JIJISI 3TOTO IpeaHa3HaYeHBI TPaM-
IUIMHHBIE (PYHKIIWU.

o  Cummempus. HekoTopble BapuaHTbhl MCTOJb30BaHMS ABOMHOW AMCIIETYEPU3ALUUN
SIBJISIIOTCSI CUMMETPUYHBIMU 110 cBoeil mpupoae. OHU NPUMEHSIIOTCS K OJMHAKO-
BEIM THIIaM, U IIOPSAOK CJICHOBAaHMS IapaMeTpoB IUISI HUX He BaxxeH. Hampuwmep,
00pabOTUMKY CTOJIKHOBEHHMI BCE paBHO — paKeTa CTOJKHYJACh C KOCMMYECKUM
KopabyieM Wid Hao0OpOT — ero peakuus OyJAeT oaMHaKoBoil. Peanuzauus cum-
METpUU B OMOJIMOTEKE IO3BOJSIET YMEHBIIUTh pa3dMep KIMEHTCKOro KoJaa U W3-
0exXaTb MHOTHUX OIIMOOK.

CraTHuecKuii TUCIIETYEp, OCHOBAHHBIM HA IpyOOM IIOIXOHE, HEITOCPEACTBEHHO MOIIEp-
JXKUBaeT 3TW BO3MOXHOCTH, TTOCKOJIBKY €My IOCTYITHA o0IIupHast mHdopmamms o tumax. Oc-
TaJIbHbIC IWCIIETYePbI MCITONBb3YIOT pa3Hbie METOABI W J00ABJISIIOT HOBBIE YPOBHU UEPApXUM
IUTS peayi3aliii aBTOMAaTU3MPOBAHHOIO IPeoOpa3oBaHMs TUIIOB M TOIICPKKA CHMMETPHHU.
JBoiiHBIe AMCTIETYEPHl (PYHKIMI OTIMYAIOTCA OT JBOMHBIX AUCIIETYepOB (yHKTOpOB. OHU
6osiee 3(pPeKTUBHBDI.

B Ta6xn. 11.2 mpuBeneHsl pe3yabTaThl CPaBHEHUST Pa3HBIX AUCIIETUYECPOB, OMPEACICHHBIX B
aToi TaBe. OYEeBUIHO, YTO HA OOWH W3 HUX HE MAeajieH. BRIOOp ONTHMAaIbHOIO IUCITETYE-
pa 3aBMCHUT OT KOHKPETHOM CHUTyaLlVu.
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Ta6nunua 11.2. CpaBHeHuMe pa3HbIX peanusauuii ABOMHON gucneT4yepmusauum

Cratnyeckas Jlorapugmuueckas Jlucneryepuzamus
aucneTyepusanus ucneTyepu3anys € NMOCTOSIHHBIM
(knmace (kmace BpeMeHeM (KJacc
StaticDispatcher) BasicDispatcher) BasicFastDispatcher)
CkopocTb ISt Camas BbICOKast CpenHsis Xoporas
HECKOJIbKMX KJIaCCOB
CKOpOCTb 151 Huszkas Xopoiuast Camast BbIcOKasi
MHOTHX KJIACCOB
3aBucumocth Mexny CuabHast Cnabast Cnabast
KJIaccaMu
IMepexnioueHue mexay Her Her B kaxapiit Kiacc
CYIIECTBYIOIIIUMU IOOABIISIETCST MAKPOC
MeTOAaMU
Bbe3onacHocTb Camas BbICOKast Xopoiuast Xopoiuast
KOMITWJISIITU
bezonacHocTb Camas BbICOKast Xoporuast Xoporuast
BBITTOJTHEHUST

11.14. KpaTkuii 0630p ABOVHbIX AUCNeT4epoB
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B oOubnuorexke Loki ompeneneHbl Tpu BUAAa ABOWHBIX OUCIIETYEPOB: KJIACCHI
StaticbDispatcher, BasicDispatcher u BasicFastDispatcher.

OO0pgBiIeHNEe KJlacca StaticDispatcher

template
<
class Executor,
bool symmetric,
class BaselLhs,
class TypesLhs,
class BaseRhs = BaselLhs,
class TypesRhs = TypesLhs,
typename ResultType = void
>
class StaticDispatcher;

Krnacc BaseLhs — 3T0 6a30BbIil TUII JIEBOTO OTepaHa.

Kracc TypesLhs npencraBisieT co00il CLIMCOK TUIIOB, coaepXKalllMii HaOOp KOHKPETHBIX
TWTIOB, BOBJIEUEHHBIX B JBOMHYIO IVCIIETYEPU3ALIMIO B 3aBUCUMOCTH OT JIEBOTO OTEpaH/a.

Krnacc BaseRhs — 310 6a30BbIil TUI TPABOTO OMepaHaa.

Knacc TypesRhs mipencraBisier co0oii CIMCOK TUIIOB, CoAepKallluii HAaOop KOHKpPET-
HBIX TUIIOB, BOBJICUEHHBIX B JBOWHYIO OWCIIETYEPU3ALIMIO B 3aBUCUMOCTH OT TTPaBOTO
ornepaHa.

Knacc Executor coaepXuT ¢YHKIIMM, BbI3bIBA€Mble MOCJE pPaclo3HaBaHMUSI TUIIOB.
OH [OJXKEH CcolepKaTh MeperpykKeHHYIo (YHKIUIO-UIeH Fire s Kaxkmoil KOMOU-
HallMY TUIOB, YKa3aHHbIX B CIIMCKax TUMOB TypesLhs u TypesRhs.

Knacc ResultType omnpeaessieT TUIN 3HAYeHWIi, BO3BpallaeMbIX Meperpy>KeHHbIMU
dyHKIMSIMM Executor::Fire. DT 3HaUeHUs TEPEAAIOTCS Najbllie B KauyecTBe pe-
3yJbTara paboThl (yHKIMM StaticDispatcher: :Go.
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e Kiracc Executor [ODKeH comepxXaThb IEperpykeHHyl0 (QYHKIUIO-WIEH OnEr-
ror(BaseLhs&, BaseRhs&) misi 00pabotku oimmbok. PyHKIMs Executor: :0OnError
BBI3BIBACTCS KJIaccoM StaticDispatcher nmpu oOHapyKeHUM HEM3BECTHOIO THIIA.

e JlonmyctuMm, uTo Kilacchl Rectangle u E111ipse sBIsIIOTCS MOTOMKaMM Kiiacca Shape,
a KJaccol Printer u Screen — MOTOMKHM KJlacca OutputDevice.
struct Painter

{
bool Fire(Rectangle&, Printer&);
bool Fire(Ellipse&, Printer&);
bool Fire(Rectangle&, Screen&);
bool Fire(Ellipse&, Screen&);
bool OnError(Shape&, OutputDevice&);

};

typedef StaticDispatcher

<
Painter,
false,
Shape,
TYPELIST_2(Rectangle, Ellipse),
Outputbevice,
TYPELIST_2(Printer, Screen),
bool

>

Dispatcher;

e Kiacc staticDispatcher peanusyeT (pyHKUIMIO-WIEH GO, MOJYYalolLylo apaMmeTphl,
nMerolIe TUIBI BaselLhs&, BaseRhs& m Executor& cooTBeTCTBeHHO. BoT mpumep
€€ UCMOJIb30BaHUs (B KOHTEKCTE MPeIbIaylIMX ONpeaAeeHuUiA).

Dispatcher disp;

Shape* psh = ...;

OutputDevice* pDev = ...;

bool result = disp.Go(*pSh, *pbev, Painter());

e Kiaccel BasicDispatcher u BasicFastDispatcher peaiusyloT nMHaMUYeCKue
JNUCIIETYEPhl, MMO3BOJSIIONIME TTOJIb30BATE/ISIM 100aBIsATh 00pabaThiBatolve (DYHKIIMU
B XOJI¢ BBIIIOJIHCHUS IIPOTPaMMEI.

e Kiacc BasicDispatcher HaxoauT o0paboTuMK 3a Jiorapudmuyeckoe Bpemsi. Kiacc
BasicFastDispatcher HaxoguT 00pabOTYMK 3a ITOCTOSIHHOE BpeMsi, OIHAKO s
9TOTO TI0JIb30BaTEb JOJKEH U3MEHUTh OIpEACIEHUs] BCEX KJIACCOB, BOBJIEYEHHBIX B
JIHUCTIETYSPU3ALINIO.

e (O6a Kyacca UMEIOT OIUHAKOBBIN MHTEpdEiic.

template
<
class BaselLhs,
class BaseRhs = BaselLhs,
typename ResultType = void,
typename CallbackType = ResultType (%)
(BaseLhs&, BaseRhs&)
>
class BasicDispatcher;

3aech Kiacc CallbackType SBIsSIeTCS TUIIOM OOBEKTA, BEHITOJHSIOLIETO OUCIIETYEPH-
zanuio. Knaccel BasicDispatcher u BasicFastDispatcher XpaHsIT U BBI3BIBAIOT
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00BEeKTHI 3TOro Tvma. Bce ocrambHBIC IMapaMeTpbl MMEIOT TOT Xe CMBICI, YTO W B
KJlacce StaticDispatcher.

dyukumu, peanusyembie KiiaccamMu BasicDispatcher u BasicFastDispatcher,
nepeuyrcieHsl B Tadma. 11.1.

Kpome ykazaHHBIX TpeX OCHOBHBIX IUCIeTYepoB, B Oubamorexke Loki orpeneneHbl
elle JBa AMCIeTyepa: Kiacchl FnDispatcher u FunctorDispatcher. OHU UCHONb-
3YIOT KJIacChl BasicDispatcher u BasicFastDispatcher B KauecTBe CTpaTteTuit.

Knaccel FnDispatcher u FunctorDispatcher umeoT oqMHAKOBbIE OOBSIBICHUSI.

template
<
class BaselLhs,
class BaseRhs = BaselLhs,
ResultType = void,
template <class To, class From>
class CastingPolicy = DynamiccCast
template <class, class, class, class>
class DispatcherBackend = BasicDispatcher
>
class FnDispatcher;

3aech Kiacchl BaseLhs u BaseRhs — 3T0 6a30Bble KJIacChl ABYX MepapXxuii, BOBIIC-
YEeHHBIX B ABOMHYIO Aucnerdyepu3anuio. Kiacc ResultType 3agaeT TUN 3HAYEHUS,
BO3BpalllaeéMOTro OOpaTHBIMM BbI3OBaMM M aucretdepoM. Kiacc CastingPolicy —
9TO IIAOJOHHBIM Kjacc ¢ aByms mapaMmeTpamu. OH HOJDKEH peajm30BBIBaTb (DYHK-
LYIO-WIeH Cast, MPUMHMUMAIOIIYIO CChIIKY Ha OOBEKT Kjlacca From M BO3BpalllalolIyIO
CCBUIKY Ha 0OBeKT Kiacca To. OCHOBHEIC peaaud3alliy KJIaccoB DynamicCaster u
StaticCaster MCHOJB3YIOT omepaTtopbl dynamic_cast u statis_cast COOTBETCT-
BeHHo. lllaGnouHsbIii Kiacc DispatcherBackend peanusyer TOT ke uHTepdeiic, 4To
M Kjacchl BasicDispatcher u BasicFastDispatcher, onucaHHblil B Tab. 11.1.

M xnacc FnDispatcher, u kiacc FunctorDispatcher onpeneasitor (OyHKIMIO-UJIEH
Add 11T OCHOBHEIX THIIOB 00paboTunkoB. s Kimacca FnDispatcher oCHOBHEIM TH-
noM obpaboTurka siBiasgeTcd kKiacc ResultType(*) (BaseLhs&, BaseRhs&). [lns
KJacca FunctorDispatcher OoCHOBHBEIM TUIIOM 00paboTumMKa SIBJISIETCS KJIacc Func-
tor<ResultType, TYPELIST_2(BaseLhs&, BaseRhs&)>. OmucaHue Kiacca Func-
tor maHo B IJaBe 5.

Kpome Toro, kinacc FnDispatcher omnpenensier 1mabioHHYO (ByHKIIMIO, TTpeIHa3Ha-
YEHHYIO [UI PETMCTPALMA OOPATHBIX BbI3OBOB.
void Add<SomeLhs, SomeRhs,

ResultType (*callback) (SomeLhs&, SomeRhs&),

bool symmetric>Q);
Ecnu oGpabotuuk peructpupyercs (yHKIuei-uieHoM Add, omnucaHHOW BbIlle,
MOJIb30BaTeb MOJIyYyaeT MPeuMylIecTBa aBTOMaTU3MPOBAHHOTO MPUBEAEHUS TUIIOB U
CUMMETPUU.

B xiacce FunctorDispatcher omnpeaensiercs: mabionHas GyHKIMsS-uaeH Add.

template <class SomeLhs, class SomeRhs, class F>
void Add(const F& fun);

Krnacc F MoxeT ObITb OOHMM K3 THUIIOB, MOJYy4aeMbIX OOBEKTOM KJlacca Functor
(rnaBa 5), BKJIIOYasi JAPYTYl0 KOHKpeTM3alMio kjiacca Functor. OOBeKT kiacca F
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JOJDKEH OOITyCKAaThb BBLIIIOJIHCHUE OIl€paTropa BbI30Ba (I)yHKL[I/II/I C aprymcHTamuy,

UMEIOUIMMU TUMbl BaseLhs& u BaseRhs&, W Bo3BpalllaTb 3HAUYEHUE, TUIT KOTOPOTO
MOXeT OBITh NpeoOpa3oBaH B TUIT ResultType.

Ecimn 06paboTunK He HaiieH, Bce MeXaHM3MBbI AUCTETUYEPU3ANU TCHEPUPYIOT WUC-
KJIIOUUTENBHYIO CUTYAIIMIO, UMEIOLIYI0 TN std::runtime_error.
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NpunoxeHue

MHOronoToO4YHAA BUBJIMOTEKA
B CTUJIE MMHUMAJIUSMA

B MHOromotouHoii mporpaMMme OJHOBPEMEHHO CYIIECTBYET HECKOJbKO TOUEK BBITTOJHE-
HMS. DTO 3HAYUT, YTO B TAKOM MporpaMMe HECKOJbKO (PYHKIIMI MOTYT BBITOJTHSATHCS TIa-
pajiiesibHO. B MHOTOMPOLIECCOPHBIX KOMITbIOTEPAX Pa3Hble MOTOKM BBIMOJHSIIOTCS OJHOBpE-
MEHHO B OYKBaJIbHOM CMBICJIE 3TOTO CJIOBa. B TO e BpeMsi MHOTOIIOTOYHBIE OTepalliOHHBIC
CHCTEMbl B OJHOMPOLIECCOPHBIX MalllMHAX TMPUMEHSIIOT PEXUM pa3deienus epemenu (time
slicing) — OHM pa3aeNsioT KaXkIblii TTOTOK Ha KOPOTKHE MHTEPBAJIbl BPEMEHH, OTKIIAIbIBAIOT
€r0 U TPEeJOCTaBISAIOT MPOIECCOPHOE BPEMsI IPYroMy MOTOKY. DTO CO3MaeT Yy IMOJIb30BaTeIs
WJUTIO3WIO MapajjieJIbHOTO BbIMTOJHEHUSI HECKOJbKUX GyHKIMA. Hanmpumep, TeKCTOBbIN
MPOIIECCOP MOXKET MPOBEPSATh TPaMMATHKY, TTOKa T0Jb30BaTe/Ib BBOAUT TEKCT.

[Tonb3oBaTeny He XealoT JO00BAThCS MECOYHBIMU YacaMM, MOKa BBITIOJHSIIOTCS Ipyrue
MMOTOKH, TTIO3TOMY TPOTPaMMUCTHI TOJDKHBI pa3pabaThiBaTh MHOTOTIOTOYHBIC TporpaMMbl. K
COXaJeH1I0, OOBIYHO WX OYEHb TPYAHO cO3[aBaTh U ellie TpyaHee oTiaxuBaTh. bojee Toro,
MHOTOIIOTOYHOCTh TPOHM3BIBAeT Bce MpuioxeHne. Co3naTh BHENIHIOW OMOJIMOTEKY, KOTO-
past HaJiexXHO paboTana Ol B MHOTOMOTOYHOM PeXMMe, HEBO3MOXHO, Jaxe eciau cama 6uo-
JINOTeKa He MCIOJIb3YeT MOTOKMU.

Ortclofa cienyeT, 4To HeJb3sl UTHOPUPOBATbh BOMPOCHI, CBSI3AHHBIE C MHOTOMOTOYHO-
ctbio. (Pazymeercs, Ha camMoM Jeyie MOXHO OOOMTHCH M 63 3TOro, OMHAKO B TAKOM CJIydae
OHU CTaHYT COBEPIIIEHHO OEeCrOoJe3HBIMU B MHOTIOMOTOYHOI cpefe.) [TockoabKy coBpeMeH-
HBle TIPUJIOKEHUS BCE MHTEHCUBHEE MCIOJB3YIOT MHOTOMOTOYHOE BBITIOJTHEHME, OBLIO OB
[JIYTI0 UTHOPUPOBATbh MHOTOMOTOYHOCTh MPOCTO M3-3a JICHHU.

B mpuiioXeHUr OMMCHIBAIOTCS CPENCTBA W TIPUEMBI, TIO3BOJISTIONIME pa3padaThiBaTh MallliH-
HO-HE3aBUCHUMbIE MHOTOMOTOYHbIE OObEKTHO-OPUEHTUPOBAHHbBIE MPUJIOXKEHUs Ha si3bike C++.
Ero Henb3s paccMaTpuBaTth Kak MOJHOIIGHHOE BBEICHUE B MHOTOIIOTOUHOE MTPOrpaMMUPOBaHUE.
ITonbiTKa paccMOTpeTb BCE BOMPOCHI, CBS3aHHbBIE C PAa3pabOTKONM MHOTOMOTOYHON OMOIMOTEKH,
ObL1a OBI OEcCITONe3HON M OOpeYeHHOM Ha mpoBal. TakuM 00pa3oM, MbI COCPEIOTOUMMCS JIMIIb
Ha MMHMMAJIbHBIX a0CTPaKLUX, MO3BOJISIOIIMX CO31aBaTh MHOTOITOTOUHBIE KOMITOHEHTHIL.

DyHKIMOHAILHBIE CPENCTBA TSI TTOMIEPXKKY MHOTOMOTOYHOTO PEXMMa, Pealn30BaHHBIC B
oubmmoteke Loki, CKyIHBI 110 CPAaBHEHUIO C OTPOMHBIM KOJIMUYECTBOM CPE/ICTB, MPEAOCTaBIISIEMbIX
COBPEMEHHBIMUA ONEPALIMOHHBIMA CUCTEMaMHM, TIOCKOJIbKY OHM OPUEHTMPOBAHBI TOJLKO Ha
obecrieyeHne 6e30MacHOCTU paboThl NOTOKOB. C pyroil CTOPOHBI, KOHUENIMY CUHXPOHU3ALMU,
orpe/eIeHHbIC B 9TOM NPUJIOXKEHUH, HaXOmsATCs Ha 0oJiee BHICOKOM YPOBHE, YeM TPanuIIMOHHBIE
MBIOTEKCHI (mutexes) 1 cemadophl (semaphores) 1 MOTYT OKa3aThesl TIOJIE3HBIMU MPU pa3paboTKe
JMOOOT0 0OBEKTHO-OPUEHTUPOBAHHOTO MHOTOMIOTOUHOTO TTPHMJIOXKEHHS.



MNn.1. Kputnka MHOronoToO4YHOCTU

INpeuMyliecTBa MHOTOMOTOYHOTO PEXXMMa B MHOTOITPOLIECCOPHBIX MalllMHAaX Oo4eBUAHBL. Ho
€CJIM KOMITbIOTEP MMEET ONMH TMPOIIECCOpP, MHOTOMOTOYHOCTb BBIMJISIAUT JOBOJBHO TIIYTIO. 3ayeM
3aMeISATh PaboTy TMpoleccopa, 3acTaBlisisl ero padoTaTh B pexxuMme pasnesieHus: BpeMeHu? Oue-
BUIHO, YTO BBIMTPBIIIIA BO BPEMEHM 3TO He AaeT. Yynec He ObIBaeT — Yy HAC MO-TIPEXXHEMY JIMIIIb
OJIMH TIPOLIECCOP, TTIO3TOMY B 1IEJIOM MHOTOITOTOYHBIN PEXUM Aake HEMHOTO CHU3UT 3 (HeKTUB-
HOCTb U3-3a JOMOJHUTEbHBIX Onepaluii 0OMeHa JaHHBIMU U PETUCTPALIMU.

[MpuunHa, M0 KOTOPOM MHOTOIIOTOYHBIN PEXUM BCE XK€ MPUMEHSIOT B OIHOIPOIIECCOP-
HbIX MalllMHaX, 3aKJIo4aeTcs B o@@eKkmusHom ucnoav3osanuu pecypcos. TUTIMUHBINA COBpe-
MEHHbIN KOMITBIOTEP MUMEET HAMHOTO OO0JIbIIIE PECYPCOB, YeM OJMH Mpolieccop. OH CHaOXeH
JIMCKOBOZIAMU, MOJIEMaMU, CETEBLIMU KapTaMu U nMpuHTepaMu. [TocKoibKy Bce OHM ¢ DU3U-
YeCKOW TOYKM 3pEHUsI HE3aBUCUMBI JIPYT OT JIpyra, UX Pecypchbl MOXHO MCITOJIb30BaTh OIHO-
BpeMeHHO. Hampumep, He cyllecTByeT NMPUYMH, 3aMpellarollnX MpoLeccopy MPOU3BOAUTH
BBIYMCJICHUSI, TIOKA BBITIOJIHSIETCS 3aMuch WH(pOpMAMM Ha AUCK WJIM BBIBOI pe3yJbTaTOB Ha
npuHTep. OQHAKO 3TO OKa3bIBAaeTCsl NEWCTBUTENIbHO HEBO3MOXHBIM, €CJIM TMPUIIOXKEHUE U
orepalMoHHasl CUCTeMa XECTKO CBSI3aHbI TOJIbKO C OJHOTOTOYHON MOJIENbIO BBITOJTHEHUS
nporpamMmbl. Bpsin Bbl 00OpagoBaiuch, eciiv Obl Ballle MPUJIOXEHWE He TO3BOJMJIO BaM HU-
Yero JiefaTh, MOKa He 3aBEePIIUTCS 3arpy3ka JaHHbIX U3 MHTepHeT.

Kpome Toro, naxke mpoueccop B KaKMe-TO MOMEHTBbI BpEMEHU OKasbIBaeTcsl B mpoctoe. [1pu
PEIaKTUPOBAHUM TPEXMEPHBIX U300paKeHU KOPOTKHME MHTEPBATBI BPEMEHU MEXITY IBWKEHUSI-
MU MBIIIY U 1IETYKAMU KaKyTcsl TTPOLECCOopy BEYHOCTbIO. Bbio Obl X0pollo, eciii Obl Mporpam-
Ma JUisi pUCOBaHUS U300paKEHUI1 MOTJIa UCIIOIb30BaTh 3TM MOMEHTHI IPOCTOSI /IS BHITIOJTHEHUST
TMOJIe3HON PabOThI, HAMIPUMED, OTCAEKUBAHUSI JIyda WM BBIYMCICHUS CKPBITHIX JIMHUIA.

OCHOBHOI1 ~ abTEPHATMBON  MHOTOMOTOYHOCTA  SIBJISIETCSl  ACUHXPOHHOE — GbINOAHEHUE
(asinchronous execution). PexxuM aCMHXPOHHOTO BBITTOJIHEHUST MTPOrpaMMbl OCHOBaH Ha MO
00partHbIX BbI30BOB (callback model): mpu BBIMOJIHEHUM OMNEpalyd MTPOM3BOAUTCS PETUCTPAIIUST
(byHKIIMU, KOTOpYIO ClieayeT BbI3BaTh Tociie ee 3aBepliueHus. OCHOBHBIM HEIOCTaTKOM AacWH-
XPOHHOTO BBITIOJTHEHUST MPOTPaMMBbI IO CPABHEHUIO C MHOTOIOTOYHBIM PEKMMOM SIBJISIETCST U3-
OBITOK COCTOSTHUIA MporpaMMbl. KICMob3ysi aCMHXPOHHYIO MOIENb, HEJIb3sl MPOCAEIUTb BbIMOJ-
HEHME aJTOpYMTMa IIIar 3a I11aroM — MOXHO JIMIIb XPaHUTb COCTOSTHUE W TIO3BOJISITh OOpaTHBIM
BbI30BaM €ro M3MeHsITh. [lommepkka Takoro cCoCTosiHUSI BechbMa MpobjieMaTUyHa U JIETKO peaju-
3yeTcsl JIMILb JJIs1 TPOCTEMILIMX OMepaLnit.

HMcTuHHass MHOTOIIOTOYHAsI MOME/b JIMIIIeHA TaKUX HeIoCcTaTKoB. KaXaplii MOTOK MMeeT
HEsIBHOE COCTOSIHUE, OMpeesisieMOe €ro TOUYKON BBITIOJHEHUST (OrepaTopoM, KOTOPBIN Bbl-
MOJTHSIETCS TIOTOKOM B JAaHHBIA MOMEHT). PaboTy moroka Jierko NMpocieanTb, KaK €ciau Obl
OH ObUI MpocToil hyHKIIMeNH. B acMHXpOHHOI MoJeNr MPOrpaMMUCT AOJKEH caM YIpaBIsiTh
TOYKOM BbIMOJHEeHUS. (OCHOBHOW BOIPOC aCMHXPOHHOTO MporpammupoBaHus: “I'me 51?”.) B
3aKJI0YeHWE OTMETUM, YTO MHOTOMOTOYHbIE MPOrpaMMbl MOTYT PEAJM30BbIBATH CUHXPOH-
HYIO MOJIeJIb BBITIOJTHEHUSI, UTO YK€ XOPOIIIO.

C npyroit CTOpOHBI, MOTOKU MOPOXKAAIOT OOJbIIME MPOOJEMBI, TOCKOIbKY OHM COBMECT-
HO MCIOJb3YIOT PECypcChl, HalpuMep, JaHHBIE, 3alMcaHHble B MaMsaTh. B mo6oii MOMEHT
MOTOKM MOTYT TMpPepbIBaThCsl APYTMMU TMOTOKAMM (a, UMEHHO @ /000U MOMeHm, Naxe To-
cpenM TIpUCBaMBaHUS), MO3TOMY OINEpalli, KOTOPble Mbl MPUBBIKIM CYUTATh aTOMapHBIMU,
TaKOBBIMU OOJIbllIe He SIBISIOTCS. HeopraHuM3oBaHHBIA JOCTYIT MOTOKOB K JAHHBIM TakXke
MOXET CTaTh NMPUUUHON TTOTEpU MHGMOPMALIUK.

B opHOmoToOuHOM MpPOrpaMMMpOBaHMM 0€30MacHOCTb IAHHBIX TPU BXOA€ M BBIXOMAE
(yakuu obbuHO rapaHTUpyeTcs. Hampumep, omepaTtop mnpucBavBaHMsI (operator=) u3
Kjacca String cuMTaeT oOBEKT Kiacca String KOPPEKTHBIM TOJbKO MEpel HayajJioM M IOo-
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cjie 3aBepllieHus onepanyu. B MHOromoTo4yHOM MpOrpaMMUpPOBaHUU HEOOXOOMMO obecrie-
YUBaThb KOPPEKTHOCTb 00BEKTA Kiacca String Jaxe 60 épems BBIMOJHEHMSI oriepaTtopa Mpu-
CBauBaHUsI, TOCKOJIbKY IPYroii MOTOK MOXET IpepBaTh BBIMOJHEHWE 3TOTO oOreparopa u
MPUMEHUTH K 3TOMY OOBEKTY APYryto onepaiuio. B To BpeMs Kak OJHOMOTOYHOE MpOorpaM-
MHUpOBaHKE TIPUYYAET MMPOTPAMMUCTOB pacCMaTpUBaTh (PYHKIIMKM KaK aTOMapHbIe OMNeparnu,
B MHOTOMOTOYHOM IMPOrpaMMUPOBAaHUM HEOOXOAMMO CaMOMY YyKa3blBaTh, KaKue Orepaiuu
SIBJIIIOTCSI aTOMapHbIMU. MTak, MHOTOMOTOYHBIE TMPOrpaMMbl TTOPOXAAIOT OOJbIINE TPO-
0JIeMbI PU COBMECTHOM MCIMOJIb30BAaHUM JAHHbBIX, UTO CJAEIyeT CYUTATh UX HEINOCTATKOM.

BosbIIMHCTBO CITOCOOOB MHOTOITOTOYHOTO MPOrpaMMUPOBAHUSI OCHOBHOE BHUMAaHUE YIIEJisi-
10T ob6sexmam cunxporuzauuu (synchronization objects), MO3BOJISIFOIIMM 00eCIeUrBaTh MOCIEA0Ba-
TEJIbHBIN JIOCTYIT K COBMECTHO MCIONIb3yeMbIM pecypcaM. [1pu BbINOTHEHWM aTOMapHOM oriepa-
MM OOBEKT CUHXPOHM3ALMU 3axBaTblBaeTcsl. Eciv Apyrue MmoToKM MbITAlOTCS 3aXBaTUTh TOT XKe
0OBEKT CHHXPOHU3AIINK, OHU (DUKCUPYIOTCS. 3aTeM MaHHbBIC U3MEHSIOTCS, M OOBEKT CMHXPOHH-
3alMM OCBODOOXIaeTcss. B 9TOT MOMEHT ero MOXKeT 3aXBaTUTh IPYroil MOTOK, MOJYYMB IOCTYI K
JMaHHBIM. TakuM 00pa3oM, TTIOTOKM BCeria paboTaroT ¢ KOPPEKTHBIMU TAaHHBIMU.

B crenytomemM pasnesie OyayT onucaHbl padHble CrocoObl 3axBaTta. MIX mepeueHb He UC-
YeprnbIiBaeTCsl OOBEKTAMU CUHXPOHU3AIMU, XOTS 3TH OOBEKTHI TO3BOJISIIOT PEUIUTh OO0Jb-
IIMHCTBO 3a/1a4 MHOTOMOTOYHOI'O MTPOrpaMMUPOBaHMSI.

N.2. Nopxon, peann3oBaHHbIN B Oudbnmnorteke Loki

[ns pellieHUs TIpo0JieM, CBSI3aHHBIX C MHOTOITOTOYHOCTBIO, B OubOiunoreke Loki onpene-
JieHa crpaterusi ThreadingModel. Ora crpaterus rnpeacTaBasieT co0oi 111abJOHHBIN KJ1acc C
OIHUM apryMeHTOM. Takoi apryMeHT siBisieTcsl TUNoM sidbika C++, [ KOTOpOro peaiu-
3ytoTcs (yHKIMOHAIbHBIE BO3MOXHOCTA MHOTOITOTOYHOTO MPOTrPaMMUPOBAHUSI.

template <typename T>
class SsomeThreadingModel

};

B cnemytonmx pasmenax MBI ITOCIENOBATEIbHO pPACKPOEM COIepKaHWE CTpaTerdu
ThreadingModel. B 6u6iuoreke Loki ompenmeneHa ogHOMOTOYHAsE MOjedb, KOTOpas B
GOJIBPIIMHCTBE CJIyYaeB MCIOJb3YeTCs MO YMOTYAHHMIO.

M.3. AToMmapHbie onepauuu ¢ LLesIoYUCNIEHHbIMU TUNamMun
HomycTrM, 4TO TIepeMeHHasi X uMeeT TUll int. PaccMoTrpuM orepatop
++X;
MoxeT moKas3aThbCs CTpaHHbIM, YTO MbI YACIACM BpPEMA aHAIM3Y IIPOCTOro OICparopa MHKPE-
MCHTallMHU, OJHAKO MMCHHO B TaKMX CUTyallUAX ITPOABIAIOTCA 0COOEHHOCTH MHOTI'OITOTOYHOTIO
MPOrpaMMUPOBAHNS — JIJIS1 PELLIEHUs] TIPOCTHIX TTPOOJIEM HYXKHO MPUTIOKUTh MHOTO YCHJIUIA.
YToObl YBEIMYUTh 3HAUEHUE TMMEPEeMEHHON X Ha €IUWHUILY, MPOIIECCOP BBIMOJHIET TPU
oneparnuu.
1. 3Biekaer NNECPEMCHHYIO M3 IMMaMATU.

2. YBeJuuMBaeT 3HaUY€HUE MEePeMEHHON B apu@meTuko-jiornyeckoMm ycrpoiictse (AJIY)
npoueccopa. DTO eIUMHCTBEHHOE MECTO, TI€ BBIMOJHSIOTCS OMepaluu — B MaMsITH
JIUILb XPAHSITCS TaHHbBIE.

3. HCI)EMCHHaH 3aIlIMCbIBACTCA 06paTHO B IIaMAThb.
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ITockonbKy mepBasi orepaius CYMTHIBAET, BTOpas — MOIUMULIMPYET, a TPEThsl — 3aIMChI-
BacT MJaHHBIE, OHM OOpa3ylOT TPOWKY, M3BECTHYIO IO Ha3BaHUEM oOnepayus YmeHus-
moougurayuu-3anucu (read-modify-write operation — RMW).

[MpeamnonoxumM Terepb, YTO OMEPATOp WHKPEMEHTALIMY BBITIONHSIETCS B KOMITBIOTEPE C
MHOTOIIPOIIECCOPHON apXUTEKTypoil. I TOro Y4TOOB! TOCTUYh MAaKCHMMaJIbHOrO 3ddeKkra BO
BpeMsT MOIM(MUKAIIMY TaHHBIX B TIPOLIECCe BHITTOJIHEHUS OTEpalluy YTCHUS-MOANGbUKALIM-
3aMMCH, MPOLECCOP OCBOOOXIAET IIMHY 3allOMUHAIONIETO ycTpoiicTBa. Takum o0paszom,
BTOPOI TIpoIIeCCOp TOyYaeT JOCTYN K MaMsITH, IMOKa TMEePBBI BBIMOIHSAET OMNMEparuio WH-
KpeMeHTaIMK. DTO T03BOJIsIeT 3(P(heKTUBHEE MCIOIB30BaTh PECYPCHI.

K coxaneHuto, Opyroif Tporeccop MOXET MPUMEHUTh OIEpaluio YTCHUS-MOIUMUKALIAY-
3aIMUCH K TOM Xe MepeMeHHoW. HamprMep, MOMycTHM, YTO CYIIECTBYIOT JIBa OIepaTopa MHKpe-
MEHTAllMU TIEPEMEHHOI X, KOTopas B HayaJbHBI MOMEHT BpeMeHU MMeeT 3HaueHue 0, ¥ 5Th
orepaTopbl BBITIOHSIIOTCS AByMsI npolieccopamu P1 u P2 B Takoii mocseaoBaTebHOCTH.

1. Mponeccop P1 3axBaTbiBacT IMHY 3alTOMWHAIOIIETO YCTPOMCTBA M M3BJIEKAeT Tepe-
MEHHYIO X.

2. Ipoueccop P1 ocBoOOXAaeT LIMHY 3alIOMUHAIOIIETO YCTPOMCTRA.

3. IIpouieccop P2 3axBaTbiBaeT LIMHY 3allOMMHAIOLIETO YCTPOMCTBA M M3BJEKaeT Mepe-
MEHHYIO X (3HaYeHUEe KOTOpOoil mo-TpexHeMy paBHo 0). B To ke Bpems mpomeccop Pl
yBEJIMUMBAET 3HAaueHWE TMEePEMEHHON X Ha eOWHUIY B CBOeM apudMeTUKO-
JIOTUYECKOM yCTpoicTBe. Pesynbrar paseH 1.

4. Ilpoueccop P2 ocBobOoxkmaeT MIMHY 3aIIOMUHAIOIIETO YCTPOMCTBA.

5. IIpoueccop P1 3axBaThIBaeT IMIMHY 3allOMWHAIOIIETO YCTPOMCTBA M 3alKChIBaeT 3Ha-
yeHue 1 B mepeMeHHy10 X. OnMHOBpeMeHHO mpoueccop P2 yBennuuBaeT 3HaYeHUE Te-
PEMEHHOM X Ha eIMHUILY B CBOEM apU(METUKO-JTOTUIECKOM YCTpoicTBe. [10CKONBKY
npoueccop P2 usBnek 3HaueHue 0, pe3yabTaT CHOBa paBeH 1.

6. ITpoueccop Pl ocBoGOXIaET IIMHY 3aITOMUHAIOIIETO YCTPOMCTBA.

7. Iponieccop P2 3axBaTbiBaeT INMMHY 3allOMUHAOIIETO YCTPOMCTBAa M 3aIllMChIBaET 3HA-
yeHue 1 B MEPEMEHHYIO X.

8. IIpoueccop P2 ocBoboXmaeT MIMHY 3aITOMHUHAIONIETO YCTPOMCTBA.

B utore, xoTs K nepeMeHHOI X ObLIM MPUMEHEHbI JBE OMepalMi MHKPEMEHTAlUM, ee 3Ha-
YeHWe CTaHeT paBHBIM 1, a He 2. DTO HEBEPHBIN pe3yJibTaT, MpUYEeM HM OAMH IPOILIECCOP
(TIOTOK) He CMOXET pacro3HaTh, YTO OMNepalus UHKPEMEHTalMM Oblla BbITIOJHEHA HEBEPHO.
B MHOTOMOTOYHOI cpele HUYTO HE SBISICTCS aTOMapHBIM — JaXke MpocTas orepanus WH-
KPEeMEHTAIIU 1IeJIOTO YUCIa.

EcTb MHOXECTBO CIOCOOOB cieaTh OMepalvio MHKpeMeHTalluu aToMapHoi. Haubonee
3 dEKTUBHBIN M3 HUX — HUCITONIB30BaTh BO3MOXHOCTHU Tpolieccopa. HekoTopbie mpoliecco-
PBI TIPEAOCTABNISIOT BO3MOXKXHOCTH OJIOKMPOBKY IIMHBI 3aITOMUHAOIIETO YCTPOWCTBA — OIle-
pauysi YTeHUs-MOIM(PUKAIIMU-3aTTUCH BBITIOTHSIETCS KaK M paHbllle, OMHAKO BO BpeMs ce
BBIMOJIHEHUS 1IMHA 3alIOMUHAIOLIET0 YCTPOMCTBA OCTaeTcsl 3a0J10KMpoBaHHOM. TakuM obpa-
30M, mpolieccop P2 m3BiIeKaeT mepeMeHHYI0 X M3 IMaMATH TOJBKO ITOCIe TOTO, KaK IMPOIeC-
cop P1 BBINOJTHUT CBOIO OMepalvio UHKPEMEHTALIUH.

DTa HU3KOYpOBHeBas (PYHKIIMOHAIbHAs BO3MOXHOCTb peaiu3yeTcsl OlmepallMOHHON cuc-
TeMOI Cc moMoulblo GYyHKIMNA Ha si3bike C, MCMOJb3YIOIIMX aTOMapHbIe Oornepalud UHKpe-
MEHTallMM U IeKpPeMeHTAIIUN.
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OOBIYHO OTEpaIIMOHHBIE CUCTEMbI OIPEC/SIOT aTOMapHbIE OTNEpaLvK ISl LEJTOUMCIEHHBIX
TUIIOB, Pa3Mep KOTOPBIX COBMAIAET C IIMPUHON IIMHBI 3aIOMUHAIOLIETO YCTPOICTBA — B 00Jb-
IIMHCTBE cily4yaeB 3To Tum int. ITorokoBas moacuctema 6ubnanoreku Loki (daitn Threads.h)
onpezensieT TUI IntType BHYTPU Kaxa0u peanuzaiuu ctpateruv ThreadingModel.

DyeMeHTapHble (YHKIIMU, BBIMOJHSIONIME aTOMapHble OMNepaluu, OIpelejeHHble B
crpateruu ThreadingModel , umeror cienytomuii Bu/I.

template <typename T>
class SsomeThreadingModel

t
public:
typedef int IntType; // wau ppyroi Tun B 3aBUCUMOCTWU OT niaThopmbl
static IntType AtomicAdd(volatile IntType& Tval, IntType val);
static IntType AtomicSubtract(volatile IntType& lval, IntType val);
aHaNlornyHble onpeaeneHus ana GyHkuunm AtomicMultiply,
AtomicDivide, AtomicIncrement n AtomicDecrement ..
static void AtomicAssign(volatile IntType& lval, IntType val);
static void AtomicAssign(IntType& Tval, volatile IntType& val)
1
DT 37eMeHTapHbie (PYHKIUM TOJYyYaloT U3MEHsIeMOe 3HaUeHHe B KaYeCTBE IEepPBOIo Ia-
pameTrpa (oOpaThTe BHMMAaHHE Ha TO, YTO OHU IIEPEHAIOTCSI IO HEKOHCTAHTHOM CCHUIKE C
nomolpio Tina volatile), a Bropoii onepaHa (OTCYTCTBYIOIIMIA B ClIydae YHapHBIX oIlepa-
TOPOB) IMepemacTcsa B KadecTBe BTOporo mapamerpa. Kaxmas sneMmeHTapHas (PyHKUIMS BO3-
BpalllaeT KOIMIO IMapaMeTpa Tura volatile. DTo o4YeHb MOJIE3HO, TMOCKOJIBKY MO3BOJISIET
KOHTPOJUPOBaTh (PaKTMIECKUI1 pe3yJbTaT BHIIIOJHEHUS onepauuu. PaccMOTpuM cHTyaluio,
MpU KOTOPOIi TepeMeHHasi TuIa volatile npoBepsieTcst Mocje BBITOJIHEHMST ONepaliiu.

volatile 1int counter;

someThreadingModel<widget>: :AtomicAdd(counter, 5);

if (counter == 10)
B aToM cityyae kom He TIpoBepsieT TIEpeMEHHYI0 counter cpasy TMOCie CIOXEHUsI, TTOCKOJbKY
JIPYTOii TOTOK MOXeT MOAMGbULIMPOBATL €€ B MHTEepBaje MeXIy Bbl3oBaMu (yHKIMU AtomicAdd
u oreparopoM if. Yaille Bcero nmpoBepsiTb 3HaAYEHUE TEPEMEHHON counter HEOOXOmMMO cpazy
rocsie Bbi3oBa (yHKIMU AtomicAdd. [Ijist 3TOro A0CTaTOYHO HAMUCaTh CIEMYIOIIMIA KO,

if (AtomicAdd(counter, 5) == 10)

Hanuuue nByx pa3Hbix (GyHKIMI AtomicAssign HEOOXOMMMO, MOCKOJBKY JAaXe orepa-
LIMs1 KOMUMPOBAaHUSI MOXET ObITh He aToMapHoii. Hampumep, eciau mMpuHa IKWHBI KOMITbIO-
Tepa paBHa 32 6uT, a TUTT Tong uMmeeT pasmep 64 OUT, U KOMUPOBAHUS TIEPEMEHHON THIa
Tong moHanOOUTCS ABaXIbl OOpalaThCs K MaMSsITH.

M.4. MbloTekchbl

Oncrep dwuiikcrpa (Edsger Dijkstra) mokasai, 4To B MHOTONMOTOYHOM cpelie TUIAaHUPOB-
MK TTOTOKOB OIEPAllMOHHON CUCTeMBbI TOJDKEH COIepsKaTh OIpeAe/icHHbIE OOBEKTHl CHH-
XpoHuzauuu. be3 HUX HamucaTh MPaBUJIbHOE MHOTOMIOTOYHOE MPUIOKEHUE HEBO3MOXKHO.

MBIOTEKCHI TIPEICTABIISIOT CO00 OCHOBHBIE OOBEKTHI CUHXPOHM3ALINU, TTO3BOJISTIONINE TTOTO-
KaM TIOJIyyaTh IOCTYI K COBMECTHO MCITONB3YeMBIM pecypcaM B OPraHM30BaHHOM ropsimke. B
3TOM pa3elie JaeTcsl orpeaeieHre MploTtekca. B octambHOM yact 6ubamoteku Loki MBIOTEKCHI
HETIOCPEICTBEHHO HE HCIONb3YIOTCA. BMecTo 3TOro B Hell ONpENessTIOTCST BHICOKOYPOBHEBBIC
CpPeNCTBa CHHXPOHM3ALN, KOTOPbIE JIETKO Pea30BaTh C TIOMOIIBIO MBIOTEKCOB.
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Mbromexc (mutex) — 310 abbpeBuarypa cioB Mutual Exclusive (B3aMOMCKIIIOUAIOIINIA),
KOTOpbIE OMpPenessiioT cnocod GyHKIMOHUPOBAHUS 3TOr0 00beKTa. MBIOTEKC MperocTaBsi-
€T MOTOKaM B3aMMOUCKIIIOUAIOIINI JOCTYI K Pecypcy.

OCHOBHBIMU (DYHKIIMSIMU MblOTEKCa SIBJSIOTCS DYHKIIMU Acquire u Release. Kaxabiit
MOTOK, KOTOPOMY HEOOXOAUM UCKITIOYUTENbHBIN JHOCTYI K pecypcy (HampuMep, K COBMECTHO
WCIOJIb3yeMON MEPeMEHHOI), 3aBafeBaeT MbIOTEKCOM. TOJIbKO ONMH MOTOK MOXET BlaJeTh
MbloTekcoM. [locne Toro kak MOTOK 3aBianesl MbIOTEKCOM, OCTaJbHbIE MOTOKM, BbI3bIBAIO-
e GyHKUuMo Acquire, MepeBOISITCS B COCTOSIHUE OXUAaHUs ((pyHKUUS Acquire HUYEro
He BoaBpaiaer). Korma moTok, BiaajerolIndii MbIOTEKCOM, BbI3bIBaeT (yHKIMIO Release,
IJIAHUPOBLIMK MMOTOKOB BBIOMPAET ONUH M3 OXMUAAIOUIMX MOTOKOB M MepeJaeT MpaBo Biaae-
HUSI MBIOTEKCOM €MY.

HTak, MbIOTEKC BBICTYIIA€T B POJIM YCTPOMCTBA MOCAEAOBATEIBHOIO JIOCTYIA: YacTh KoAa
MEXIY BbI30BOM (hYyHKIIMM mtx_.Acquire() v BbI3oBOM (pyHKIIMU mtx_.Release() sBisI-
€TCs aTOMAapHOU MO OTHOLUIEHUIO K OOBEKTY mtX_. Bce MOmnbITKM 3aBiaaneTb 0ObEKTOM mtX_
OTKJIAZBIBAIOTCSI, TIOKA aTOMapHBIC OTepalvy He OyIyT 3aBepIlCHBI.

CrieoBatesibHO, UISI KaXIOro pecypca, COBMECTHO UCIONb3YEMOI0 HECKOJbKUMM TMOTO-
KaMM, HY>XHO TPEAyCMOTPETh OTIEIbHbII MblOTEKC. B 4acTHOCTH, TaKMMU pecypcaMu MOTYT
ObITb 00beKTHI s13bika C++. Kaxnas HearomapHasi oriepalivsi, BbITTOJHsIEMasi Hall STUMU pe-
cypcaMu, OJKHA HAUMHATBCS C 3axBaTa MbIOTEKCA, a 3aKaHUYMBATHCS €ro OCBOOOXICHUEM.
OO0parvTe BHUMaHWE Ha TO, YTO HeaTOMapHbIe OMepaluy CoAepXaT HEKOHCTAHTHbIE (PYHK-
LUU-4JIeHbl 0OBbEKTOB, OE30IaCHBIX JIJIs1 TIOTOKA.

Hamnpumep, npencraBbre cebe Kiacc BankAccount, comepxaiuuii (pyHKIIMM Deposit u
withdraw. OTu omnepauuu MpeacTaBIsSIOT COOO HEUTO OOoJblIee, YeM CI0XEeHWE U BblUMTa-
HMe Tosieit Kiacca, umerouiux tun double. OHU Takke PErMCTPUPYIOT HOMOJHUTETbHYIO
nHpopmalno, OTHOCSIIYIOCA K TpaH3akiuu. Ecnm Kk o0bekTy Kinacca BankAccount oOpa-
LIAI0TCST HECKOJIBKO MOTOKOB, TO 3TU ABE OMEPalUU NOKHBI ObITh aTOMapHbIMU. 1151 3TOrO
JIOCTATOYHO HAMMCATh CAEMYIOUINIA KOI.

class BankAccount

public:
void Deposit(double amount, const char* user)

mtx_.Acquire(Q);
KNajem AeHbruM Ha cyeT...
mtx_.Release();

void withdraw(double amount, const char* user)

mtx_.Acquire(Q);
CHUMaeM feHbrM COo cyeTa
mtx_.Release();

}
private:
Mutex mtx_;

;

BoaMoxHO, BbI yXe aoragaiuch (ecjiid He 3HaJIM 3TOrO paHbliie), YTO BbI3ZOBbI (DYHKIIU
Acquire u Release JOXKHBI CTPOTO UYEPEAOBATHCS, MHAUE 3TO MOXET MPUBECTU K TeYaiib-
HBIM TMOCTEACTBUSIM. EC/iM Bbl 3aXBaTUTE MbIOTEKC M HE OCBOOOAMTE €ro, TO BCE OCTaJIbHBIE
MOTOKU, THITAIOIIMECS OBJIAACTh MM, OKaXyTcsl 3a0JJOKMPOBAaHHBIMU HaBcerga. B mpenbimy-
1eM Koje NMpu peanusauuu ¢GyHKUMI Deposit u Withdraw ciaemyeT ObITh OUeHb BHMMa-
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TEJbHBIM, TIPEIyNpexaas BO3MOXHBIE WMCKIIOUMTENIbHbIE CUTYyalluM W TIPEeXIEeBPEMEHHbIC
BbIXOJbI U3 (DYHKIIMIA.

[nsa penieHus: 3Toil MpoOJeMbl BO MHOTUX TIPUKJIAAHBIX MHTep(deiicax s3pika C++ om-
peneiisieTcs: 00beKT Lock, KOTOpbIA MHULIMATU3UPYETCsl MbloTeKcOM. KoHCTpykTOp 00BEeKTa
Lock BbI3bIBaeT (hyHKIUIO ACquire, a ero aectpykrop — ¢GyHkuuio Release. Takum obpa-
30M, pa3meliiasi o0bekT Lock B cTeke, MOXXHO rapaHTHpOBaTh MPaBUJIbHOE Ye€pelOBaHUE BbI-
30BOB (DyHKIIMI Acquire U Release naxke B UCKIIOUUTEIbHBIX CUTYALIUSIX.

[ns obecrieyeHUs] MAllIMHHOM He3aBUCUMOCTH B OMOaMoTeke Loki caMu MBIOTEKCHI He
omnpenenstorcs. [lpeanonaraercsi, 4TO Bbl yXe MCIIOJIb3yeTe COOCTBEHHYIO OMOJMOTEKY ISt
MOAAECPKKU MHOTOIMOTOYHOIO pexuma, B KOTOPOi OmpenesieHbl CBOM MbIOTEKCHI. BbuU1o Obl
Iyno AyoaupoBaTh UX (PyHKIIMOHAJbHBIE BO3MOXHOCTUM. BMeCTO 3TOro ¢ momoIpo Mblo-
TekcoB B oubimoreke Loki peanusyeTcsi BEICOKOYPOBHEBasl CEMaHTUKA OJIOKMPOBKMU.

N.5. CemaHTUKa 61IOKNPOBKU B 0O bEKTHO-
OPMEHTUPOBAHHOM NPOrpamMMmuUpPOBaHUN

OOBEKTbl CUHXPOHU3ALMU CBSI3aHbl C COBMECTHO HMCMOJIb3yeMbIMU pecypcamMu. B 00b-
€KTHO-OPUEHTUPOBAHHOM MPOrPaMMUPOBAHUM pecypcamMu SIBISIOTCS 00beKThl. TakuM 00-
pa3oM, B OOBEKTHO-OPUEHTUPOBAHHOW IMporpaMMe OOBEKT CMHXPOHU3AIMM CBSI3aH C 00b-
€KTaMU MPUTIOXKEHMSI.

CrenoBaTeibHO, KaXIblii COBMECTHO MCIIOJb3YeMbIii OOBEKT JOJIKEH comepXkaThb OObEKT
CUHXPOHM3alMU U OJIOKUPOBATh €ro B Kaxnoil moauduuupylomein GyHKIMU-UIeHe, KaK
3TO C/eJIaHO B mMpuMepe ¢ KiaccoM BankAccount. CTpyKTypa, B KOTOPOIl KaXIOMy COBMe-
CTHO HCMOJb3yeMOMY OOBEKTY COOTBETCTBYET CBOM OOBEKT CMHXPOHM3allMM, U3BECTHA TOJ
Ha3BaHUEM 040KUpoeKku Ha yposHe obsexmos (object-level locking).

OfHaKo MHOTAA XPaHUTh OTAEJbHbBIM MbIOTEKC Ul KaXIoro oobekra HakjagHo. B atom
cyvae clieflyeT NPUMEHSITb CTpaTeruio, OCHOBAaHHYI0 Ha WCIOJb30BAHUM TOJBKO OIHOTO
MbloTeKca Il OTAEJbHOTO KJlacca.

PaccmoTtpum mns mpuMepa kimacc String. Bpemsi oT BpemMeHM BO3HUKaeT HEOOXOmu-
MOCTb OJIOKMPOBATh €ro 00beKThl. OJHAKO Mbl HE XOTUM XPaHUTb OTAEIbHbIN MbIOTEKC IS
KaXx1oro o0beKTa 3TOro Kjiacca. 9To MpUBEIo Obl K YBEJIMUEHUIO pa3MEPOB OOBEKTOB, U KO-
MUPOBaTh UX CTAJIO0 Obl HEYNOOHO. B 3TOM ciyyae st Bcex 0OBEKTOB Kilacca String MOXHO
WCTIOJIb30BaTh OJMH CTaTUYECKMiI MbIOTEeKC. Kak TONIbKO KaKoii-1nb0 00beKT Kiacca String
BBIMOJIHSIET OIEpalrio 3aXBaTa MblOTeKca, OHa OJOKMPYETCSI BO BCEX OCTAJIbHBIX OOBEKTaX
3TOro KJjacca. DTa cTpaTrerusi H3blBaeTcsl 010Kupogkol Ha yposre kaacca (class-level locking).

B 6ubnuoreke Loki onpeneneHsl aBe peanusanuu ctpareruu ThreadingModel: kiaccel
ClassLevelLockable u ObjectLevelLockable. OHM MHKAMNCYIUPYIOT CEMAaHTUKY OJIOKM-
POBKM Ha ypOBHE OOBEKTOB M Ha YPOBHE Kjlacca COOTBETCTBEHHO.

template <typename Host>
class ClassLevelLockable

{
public:
class Lock
{
pubTic:
Lock(Q);
Lock(Host& obj);

1
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template <typename Host>
class ObjectLevelLockable

public:
class Lock

{
public:
Lock(Host& obj);

};
1

C TeXHUYEeCKON TOUKU 3peHUsT 00bEKT Kilacca Lock OocTaB/isieT MbIOTEKC 3aXBaueHHbIM. Pas-
HMIIA MEXIY STUMM ABYMSI peaM3alvsMU 3aKjIloyaeTcsl B TOM, UTO OOBEKT Kiiacca ObjectLe-
velLockable<T>: :Lock Henb3s co3aaTh, HE MepenaB eMy OObEKT Kiacca T, ITOCKOJIbKY B Kiacce
ObjectLevelLockable ucnonb3yercs: cTpaTersi 3axpata Ha YpOBHE OOBEKTOB.

OOBEKT BJIOXEHHOrO Kjacca Lock 3axBaTbIBaeT OOBEKT (WJIM LICJIBIN KJIacC), CBSI3AaHHBIN
C MBIOTEKCOM, Ha BCE BPEeMsI CBOETO CYIIIECTBOBAHMSI.

B npunoxeHusix peaauzanuu crpateruy ThreadingModel urpaioT posb 6a30BbIX KJIACCOB.
MexaHu3M HaclieoBaHMS TTO3BOJISIET UCTOIb30BaTh BHYTPEHHMI Klace Lock HEMOCpeNCTBEHHO.

class MyClass : public ClassLevelLockable <MyClass>

};
TouHblil BUA cTpaTerMy 3axBaTa 3aBUCUT OT peaiM3auuu cTpaterud ThreadingModel,
BBIOpaHHOU B KauecTBe 0a30Boro kiacca. JloctynHeie peanusanuu npuseacHsl B Tadm. I1.1.

Ta6nuua MN.1. Peanusauum ctpateruu ThreadingModel

ITa0a0HHBIH KIacc CemaHnTHKa

SingleThreaded Crparerust IOnep>XKy MHOTOITOTOYHOCTH HE TIPUMEHSIETCSI COBCEM.
Kunaccel Lock 1 ReadLock mpeacraBistioT co00i MyCThle MaKeThl

ObjectLevelLockable  Cemanruka 6710KMpOBKY Ha ypoBHE 00BEKTOB. KaxkioMy 06bEKTY
COOTBETCTBYET CBOI MbIOTeKC. BHyTpeHHMIt Kitacc Lock
3aXBaThIBAET MBIOTEKC (M, HESIBHO, CBSI3AHHBINA C HUM OOBEKT)

ClassLevelLockable CeMaHTHKa GIOKMPOBKM Ha YPoBHE Kitacca. KakoMy Kiaccy
COOTBETCTBYeT CBOil MbIOTEKC. BHyTpeHHMII Kitacc Lock 3axBaTbIBaeT
MBIOTEKC (11, HESIBHO, BCE OOBEKTHI CBSI3AHHOTO C HYM THIIA)

Kak mokaszaHo B ciemyoolieM npuMepe, CMHXPOHU3UPOBAHHbIE (DYHKIIMU-YWICHBI peaiu-
3YIOTCSI OYEHb JIETKO.
class BankAccount : public ObjectLevelLockable<BankAccount>

public:
void Deposit(double amount, const char* user)

Lock Tock(*this);
KNnajgem JeHbrum Ha cueT...
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void withdraw(double amount, const char* user)

Lock Tock(*this);
CHUMaeM feHbrM CO cyeTa

};

[Tpobaem, CBSI3aHHBIX C MCKIIOUMTEJIbHBIMU CUTYALUSIMU U TPEXIEBPEMEHHBIM BBIXO-
oM 13 (YHKIIUI, Oobllle He cyllecTByeT. [IpaBUiIbHOE YepenoBaHKe orepalluii 3axBaTa U
OCBODOOXIEHUS TapaHTUPYETCSl UHBapUAHTAMU SI3bIKa.

YHuBepcanbHblli  MHTep(deiic, obecrneunBaeMblii (UKTUBHBIM HWHTepdeiicom Sin-
gleThreaded, rapaHTHpyeT CHHTAaKCHMYECKYI0 KOPPEKTHOCTb. MOXHO HamucaTb KOI, HUC-
TTOJIB3YIOIINIM MHOTOTIOTOUHBINM PEXHMM, a 3aTeM M3MEHSTh IPOEKTHBIC PEIIeHUs, MPOCTO
MEHSIS1 TOTOKOBYIO MOJIEJTb.

Crparerusi ThreadingModel ucrnionb3yetcs B riase 4, Pazvewernue 6 namsamu HeboabuUX
obsexmos, Tnase 5, Obobuennbie Gynkmopot, M TaBe 6, Peaiuzauyus wabaona Singleton.

Nn.6. Moaudukarop volatile

B si3bike C++ mpenycMoTpeH Moaudukarop Tuna volatile, ¢ MOMOILIbIO KOTOPOIO JIiO-
Oyl0 TIepEMEHHYI0 MOXHO TPEIOCTaBUTh B PACIOPsIKEHUE HECKOJbKMX MOTOKOB. OMHAKO B
OITHOTIOTOYHOI MOJENU ITOT MOAMMUKATOP JIydllle HEe MCMOJb30BaTh, MOCKOJIbKY OH HE IMO-
3BOJISIET KOMIUJISITOPY BBITIOJIHSITh HEKOTOPBIE BaXKHbBIE BUIbI ONTUMU3ALINY.

ITo aToii mpuuuHe B Kiacce Loki onpeneneH BHYTpeHHUI kiacc VolatileType. BHyTpu
kinacca SomeThreadingModel<widget> kiacc VolatileType omnuchiBaeT OOBEKT THUTIA
volatile widget maa kmaccoB ClassLevellLockable u ObjectLevelLockable, a Takke
MPOCTOil 00BEKT Ki1acca Widget mis kinacca SingleThreaded. [Ipumep ero ucrnonab3oBaHUS
OBUT OIMKMCaH B IJaBe 6.

N.7. Cemadopbl, cOObITUA N ApYyrue nosie3Hble Bewm

Ha sToM MBI 3aBepiiiaeM 0OCYXIeHUE CPEACTB MOAICPXKKM MHOTOMOTOYHOCTU B OMOIMOTEKE
Loki. OGbIYHBIE MHOTOIMOTOYHBIE OMOJIMOTEKM TIPEAOCTABMISIOT MPOrpaMMUCTAM HAMHOTO Oosiee
pa3HoOoOpa3Hble HAOOPbI OOBEKTOB CUHXPOHM3ALUMU W (PyHKUMIA, Hanmpumep, cemadopbl, COObI-
TUs U 6apbepsl mamaTh (memory barriers). Kpome Toro, B oubnuoreke Loki HeT dyHKIMiA, akTH-
BUPYIOLIMX HOBBIM MOTOK. DTO ellle pa3 MoaTBepxKaaeT ToT (akT, yto oudauoreka Loki obecre-
YuBaeT 6e30IMacHOE BBITOJTHEHUE TTOTOKOB, HO HE MCIONB3YeT CaMU TTOTOKH.

Bo3moxHO, B Oynylunx Bepcusix 3TOH OubaMoTeku OyneT peajiu3oBaHa MOJIHAS MOTOKO-
Basg Moneib. MHOTOIMIOTOYHOCTh — 3TO 00JIaCTh, B KOTOPOIl 0OOOIIIEHHOE MpOrpaMMUpOBa-
HME TIPOSIBJISIET BCIO CBOIO MoIb. OIHAKO B HEl CWJIBHO pa3BUTa KOHKYPEHIIUS — B Kaye-
CTBE TPEKPAaCHOW MAaIIMHHO-HE3aBUCUMOW OMOJIMOTEKU IS TOXIEPKKUA MHOTOMOTOYHOTO
pexkxuma moxere npumeHsTh cpeny ACE (Adaptive Communication Environment — anan-
TUBHas cpena st oomeHa nHdopmaimeit) (Schmidt, 2000).

n.8. Pe3iome

B crannmapre s3bika C++ notokoB HeT. OJHAKO BOIPOCHI, CBSI3aHHbIE C CUHXPOHU3ALIU-
€if MHOTOITOTOYHBIX TPOTPaMM, 3HAYUTEJIBHO BIMSIOT Ha pa3paboTKy MPUIOXEHWI M OUO-
JioTeK. Pa3Hble onepalMoHHbIE CUCTEMbl MOJIEPXKUBAIOT pa3Hble MOTOKOBbie Mozaeau. o
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aTOi TpuuMHe B OubiIMoTeke Loki ompenesieH BBICOKOYPOBHEBBIN MeXaHW3M CHUHXPOHU3a-
UM, TOJIEPXKUBAIOIIMIA MUHUMAIbHOE B3aUMOJICICTBUE C BHELIIHEH MOTOKOBOI MOJEbIO.

Crparerust ThreadingModel u Tpu 1aGJOHHBIX KJlacca, PEeaM3YIONIMX €€, 00pa30BbIBAIOT
OCHOBY [UIS1 CO3MaHUsI O0OOIIEHHbBIX KOMIIOHEHTOB, MOMAEPKUBAIOIIMX Pa3HbIe MOTOKOBBIE MO-
nemv. Ha stame KOMOWISIIMUM MOXHO BbIOMpaTh CTPaTervio OJOKMPOBKU Ha YPOBHE OOBEKTOB,
CTpaTeruio GJIOKMPOBKM Ha YPOBHE KJIACCOB WJIM HE MPUMEHSITh OJI0KHPOBKY BOOOIIIE.

Crpatervsi GJIOKUPOBKM Ha YPOBHE OOBEKTOB CO3MACT OTAENbHBIM OOBEKT CHHXPOHU3AIUU
JUISL KaXJ0ro oobekTa B MpwiokeHuU. Crpaterusi OJOKMPOBKM Ha YpPOBHE Kiacca CO3daeT OT-
JeTTbHBIN 00BEKT CHHXPOHM3AINY TSI KaXKIOoro Kilacca B IpuioxeHnu. [lepsast ctparerust obsa-
JiaeT 6ojiee BLICOKMM ObICTPONEHCTBHEM, BTOpasi UCMOIb3YeT MEHbIIIE PECYPCOB.

Bce peanuzanuu ctpareruu ThreadingModel moanepXuBaT eIUHBI CUHTAKCUYECKUIA
uHTepdeiic. DTo obseryaer ee MCIOAb30BaHME B OMOJMOTEKE M KIMEHTCKOM Koae. Beioop
cTpaternu OJJIOKMPOBKM HE BJIMSIET Ha peanusauuio kiuacca. g srtoro B oubnunoreke Loki
ornpesesieHa (GPUKTUBHAS peau3alusl, NOJACPKUBAIOLIAsT OJHOMOTOYHYIO MOZEIIb.
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