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BBEOEHUE

1.1 Cio:xHOCTH pa3padoTKU MPOrpaMMHOIO o0ecredeHn st

M1 OKPY’KCHBI CJIO)KHBIMHU CUCTCMAaMMU:

IIEPCOHAIBHBIN KOMIIBIOTED;

m000e IepeBo, IIBETOK, )KUBOTHOE;

mo0as MaTepust — OT aTOMa JI0 3B€3/ U FalaKTHK;
0OIIIECTBEHHbIE HHCTUTYTHI — KOPIIOPALIMH U COOOIIECTBA.
BoapIMHCTBO CIIOXKHBIX cUCTeM 00JaaeT uepapxudeckoit cTpykrypoi. Ho He
Bce 1O — cnoxnoe. CyniecTByeT KiIacCc MPUIIOKEHUH KOTOPBIE MPOEKTUPY-FOTCS

pa3pabaThIBAIOTCS M UCIOJIB3YIOTCS OJTHUM U TeM ke deloBekoM. Ho oM nmeroT

OTpaHUYEHHYI0 00JacTh MPUMEHEHUS. BOMpOCHl CIOXKHOCTH TMOSBISIOTCS TMPU

paspabotke kopriopatuBHoro [1O, MPOMBIIIUIEHHOTO TPOTPAMMHUPOBAHHUS.
CnoxnocTts [10 BbI3BIBA€TCS YETHIPHMSI OCHOBHBIMU TPUYMHAMMU:

CJIOKHOCTBIO pCaJIBHOﬁ HpGI[MCTHOﬁ O6JIaCTI/I, H3 KOTOpOﬁ HCXOJUT 3aKa3

Ha pa3palboTKYy;

TPYIHOCTBIO YIIPABJIEHUS MPOEKTUPOBAHUEM;

HE0OXOAMMOCTBIO 00ECIIEYUTh JOCTATOYHYIO THOKOCTh IPOIPAMMBI;

CJIOKHOCTD OITNCaHusA ITIOBCACHU A OOJIBIIINX AUCKPCTHBIX CUCTCM.

JlekoMmo3uIust — OJIMH U3 CIIOCOOOB OOPHOBI CO CIIOKHOCTBIO.
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Puc. 2. [Ipumep 00BEKTHO-OpUEHTUPOBAHHOM I€KOMITO3UIIUU

Heo6xonumo pazaensiTh CUCTEMY Ha HE3aBUCHUMBbIE MOJICUCTEMbI, KaXKIYIO0 U3
KOTOPBIX pa3pabarbiBaTh OTACIBHO. BBIACISIOT cleayIomme METOAbl JEKOMIIO-
3UIUH:

aNropuTMHUUECKas JeKoMno3uius (cMm. puc. 1);
00BbEKTHO-OPUEHTUPOBAHHAS JEKOMITO3HUIUSA (CM. PHC. 2).

1.3 KpaTtkas uctopus si3bIKOB MPOrPaMMHUPOBAHUS

BBIenAI0T ClieIyoIme dTabl Pa3BUTHS SI3IKOB MPOTPAMMHPOBAHUS BbICO-
KOTO YPOBHSI:

S3biku niepBoro nokoseHus (1954—1958)
FORTRAN 1 Maremaruueckue GopMyJibl
ALGOL-58Maremarndeckue GopMyIibl

SI3piku BTOporo mokojenus (1959-1961)
FORTRAN IT IToanporpammel
ALGOL-60bnounas cTpyKTypa, TUIIBI JaHHBIX
COBOLOnucanue nanubix, padota ¢ ¢aitiamu

o LISP OO6paboTka CIUCKOB, yKazarenu, cOopka Mmycopa
S3biku TpeThero noxoacHus (1962-1970)

e PL/I FORTRAN+ALGOL+COBOL

e Pascal [Tpocroii Haciaenuuk ALGOL-60

e Simula Knaccel, abcTpakiiust JaHHBIX

Pa3psiB npeemcTBennoctH (1970-1980)



oC D¢} exTUBHBIN BEHICOKOYPOBHEBBIN SI3BIK
FORTRAN 77 BbnouHas cTpyKTypa, THUIIbI JAHHBIX
Bbym OOIT (1980-1990)

Smalltalk 80Yucto 00beKTHO-OpHEHTHPOBAHHBII A3BIK

o C++ C + Simula

e Ada83 Crporas Tunu3anus; CuiibHOE BiMsiHue Pascal
[TosiBnenue undpactpykryp (1990-...)

e Java biodnast cTpyKTypa, TUITBI TaHHBIX

¢ Python OOBEKTHO-OPHEHTUPOBAHHBIH A3bIK CIIEHAPUEB

Visual C#Konukypenr si3bika Java uist cpenbt Microsoft NET
1-e nokonenue (puc. 3) IPEUMYIIECTBEHHO HCIIOJIb30BaIOCh I HAYYHBIX U
TEXHUYECKUX BBIUUCICHUMN, MATEMAaTUYECKUHN CIIOBApb. A3bIKM OCBOOOXKIAIN OT
CJIIO)KHOCTEH accembiiepa, 4To MO3BOJISIO OTCTYNaTh OT TEXHUYECKHUX JCTaleH
peanu3anru KOMITbIOTEPOB.

AakxHsie \

NoanporpamMms

Puc. 3. Tonosorus sA36IK0B IEPBOTO IMOKOJICHUS

[Iporpammsbl, HaMMCaHHBIE HA SI3bIKAX MMPOTPAMMHUPOBAHUS TIEPBOTO MOKOJIE-
HUS, WMCIOT OTHOCHTEIIBHO IPOCTYIO CTPYKTYPY, COCTOSIIIYIO TOJIBKO U3
TJI00aTb-HBIX TAHHBIX U MTOAIPOTPAMM.

S3biku 2-20 nokonenust (puc. 4) crenanu aklEeHT Ha alTOPUTMHUYECKUX ab-
CTPAKIUAX, YTO TMPUONHM3UIO pa3pabOTUMKOB K MPEIMETHOW OOJACTH.
[TosBunmace mpomeaypHass —aOcTpakius, KOTOpas IO3BOJIJIA  OIMHUCATh
aOCTpaKTHBIC MTPO-TPAMMHBIC (PYHKITUU B BUJIE TIOAMTPOTPAMM.

Ha 3-e noxonenue s1361k0B mporpaMMupoBaHusi (puc. 5) BIUSHUE 0Ka3ajo To,
YTO CTOMMOCTb aIapaTHOTO 00ECTICUCHHs PE3KO yIiana, IPu dTOM, TPOU3BOIU-
TEIHHOCTh AKCIIOHEHIIMAIBLHO pociia. SI3bIKK MoepKuBaid aOCTPAKIIMIO JIaH-
HBIX U TIOSIBUJIACh BO3MOXHOCTH OMHCHIBATH CBOM COOCTBEHHBIC THIIBI IAHHBIX

S)
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Puc. 4. Tonosiorus A36IK0B BTOPOTO MOKOJIEHUSA

(ctpyktypsl). B 1970-¢ rompl OBUIO CO3MaHO HECKOIBKO THICAY SI3BIKOB
MpOTpaM-MUPOBAHUS JI1 PEUIEHUSI KOHKPETHBIX 3aJ]1ay, HO IPAKTUYECKU BCE U3
HUX Hc-4e3au. OCTaloch TOJNBKO HECKOJIBKO HW3BECTHBIX CEMYAC S3BIKOB,
KOTOPBIE MPO-IIUTH MPOBEPKY BPEMEHEM.
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Puc. 5. Tononorus s36IK0B TPETHETO OKOJICHUS

MOMYJTU COOMpPAH MOANPOTPAMMbI, KOTOPHIE OYIyT U3MEHSTHCS COB-
MECTHO, HO UX HE pacCMaTpUBaIN KaK HOBYIO TEXHUKY aOCTpPaKITUH.

1980-¢ mpomszomien OymM  pa3BUTHS  OOBEKTHO-OPUEHTHUPOBAHHOTO
nporpamM-mMupoBanusi (puc. 6). SI3bIKM JaHHOTO BPEMEHH JIydIlle BCETO
MO/IJICPKUBAIOT 00B-EKTHO-OPUEHTUPOBaHHYIO Aekommosunuio [10. B 90-x
nosiBunuck uH(ppactpyk-typel (J2EE, .NET), mpemocraBnsromnme OrpoMHbIE
00BEMBbI THTETPUPOBAHHBIX CEPBUCOB.
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Puc. 6. Tononorust 00bEeKTHO-OPUEHTUPOBAHHOTO MPOTPAMMUPOBAHUS

OCHOBHBIM 3JIEMEHTOM KOHCTPYKIHHU CIIYKUT MOAYJIb, COCTAaBJICHHBIM U3
JJO-THYECCKH CBA3aHHBIX KJIaCCOB U O6’B€KTOB, a HC ImoAIIporpamMmma.

14 OO0beKTHO-OpPHEHTHPOBAHHOE MPOrPAMMHUPOBAHHUE

OOBEKTHO-OPUEHTUPOBAHHOE MTPOrPAMMHUPOBAHUE — ATO METOJOJIOTHS TPO-
rpaMMHUpPOBAHMsI, OCHOBaHHAs HA IMPEJICTABICHUU POrpaMMbl B BUAE COBOKYII-
HOCTH OOBEKTOB, KKl M3 KOTOPBIX SIBISIETCS AK3EMIUISIPOM ONPEEIEHHOrO
KJIacca, a KJIacChl 00pa3yroT UEPAPXUIO HACIIETIOBAHHUS.

OOBEKT — ATO HEUTO, UMEIOIIIEE YETKO ONpeAeTeHHbIe TpaHuIlbl. OTHAKO, TOTO
HEIOCTaTOYHO, YTOOBI OTAEIUTH OAMH OOBEKT OT JAPYroro HiIM JaTh OLIEHKY
kadecTBa abctpakiuu. OOBEKT 00JagaeT COCTOSHHUEM, MOBCACHUEM W HACHTHY-
HOCTBIO; CTPYKTYpPa U MOBEJICHHE CXO0XKHUX OOBEKTOB OIpEesieT OOl I HUX
KJIacC; TEPMUHBI «IK3EMIUTAP KJIACCa» M «OOBEKT» B3aMMO3aMEHSICMBI.

Krnacc — 310 MHOKECTBO 00BEKTOB, 00JIaJaoNIMX 001Iel CTPYKTYpOH, TOBe-
JeHUEeM U ceMaHTuKou. OTACNbHBIM 00BEKT — 3TO 3K3eMIULp Kiacca. Kiace
MPEe/ICTaBIsIeT JUIIb A0CTPAKILIMIO CYIIECTBEHHBIX CBOMCTB 00BEKTA.

CocrosiHue 00BEKTa XapakTEPU3yeTCs MepeyHeM (OOBIYHO CTATUUYECKUM)
BCEX CBOMCTB IaHHOTO OOBEKTA U TEKYIIUMHU (OOBIYHO AMHAMUYECKUMU) 3HaYe-
HUSIMU K@XXJI0T0 U3 3TUX CBOMCTB. HampuMmep: TOprosuiii aBTOMaT UMEET CBOM-



CTBO: CIIOCOOHOCTh MPUHUMATh MOHETHI; ITOMY CBOMCTBY COOTBETCTBYET JUHA-
MHYECKOE 3HAYCHHNE — KOJIMYECTBO MPUHATHIX MOHET. [Ipumep ommcanusi cocTo-
STHUA O0BEKTA:

struct PersonnelRecord {
char name[100];
int socialSecurityNumber;
char department[10];
float salary;

bi

[ToBenenue oOBEKTa — 3TO TO, KaK OOBEKT JAEWUCTBYET H pEarupyer;
MOBE/JICHUE BBIPAKACTCS B TEPMHUHAX COCTOSHHUS OOBEKTa U Tepeaaydu
cooOmennii. Ornepa-1Meil Ha3bIBAETCS OINPEIAEICHHOE BO3ACHCTBHE OJHOTO
o0beKTa Ha JpPYyrod C Le-Tbl0 BbI3BaTh COOTBETCTBYIOUIYIO PEAKIIUIO.
Hamnpumep, KIIMEHT MOKET aKTUBHU-3UPOBATh ONEpalMi append () U pop () I
TOTO, YTOOBI YIPABIATH 00BEKTOM-0UEPEABIO:

class Queue {

public:
Queue () ;
Queue (const Queue&) ;
virtual ~Queue();
virtual Queue& operator=(const Queue&);
virtual int operator==(const Queue&)
const; int operator!=(const Queue&) const;
virtual void clear():;
virtual void append(const void*);
virtual void remove (int at);
virtual int length() const;
virtual int isEmpty () const;

b

NunuBrayaibHOCTh O0BEKTa — 3TO TaKOE CBOMCTBO OOBEKTa, KOTOPOE OTJIM-
YaeT ero OT BCeX JIPYrux o0beKTOB. B OOJIBIIMHCTBE SI3bIKOB MPOTPAMMHUPOBAHUS
MIPU CO3/IaHUHM OOBEKT UMEHYETCsI, IOATOMY MHOTHE MyTal0T aapecyeMOCTh U HH-
JTUBUYaIbHOCTh. HEeBO3MOXXHOCTh OTJIIMYUTH MMsI 00BEKTa OT CaMOro OOBEKTa
SIBIISIETCS MCTOYHUKOM MHOKecTBa omnook B OOIL.



OBBEKTHO-OPUEHTUPOBAHHOE NPOrPAMMUPOBAHUE.
A3bIK C++

OOBEKTHO-OPUEHTUPOBAHHOE MPOTPAMMUPOBAHUE CTPOUTCS HA TPEX OCHOBO-
MOJIAraloIIUX MPUHIIUIIAX . HHKAMCYJISILHS, TOJIUMOP(U3M U HACJIEJOBAHHUE.

2.1 HHxancyasimusi

MHKancymsauus — 3TO IIPOoLEcC OTAENEHUs Apyr OT JApyra 3JIEMEHTOB
00BEKTA, ONPENETAIOUINX €0 YCTPONUCTBO U MOBEACHNUE; NHKAIICYJISILUS CITYKUT
JUISL TOTO, YTOOBI M30JIMPOBATh KOHTPAKTHBIE 00s3aTENbCTBA A0CTPAKLIUUA OT UX
peanuza-uuu.

[IycTh uneHy knacca TpeOyeTcs 3allUTa OT «HECAHKIMOHUPOBAHHOIO JI0-
ctyna». Kak pa3yMHO OrpaHUYUTh MHOKECTBO (DYHKILIH, KOTOPHIM TAKOW 4JIeH
Oynet goctyneH? O4eBUIHBIA OTBET JUIsl SI3bIKOB, MOIEPKUBAIOIINUX OOBEKTHO-
OPUEHTHPOBAaHHOE MPOrPaMMHMPOBAHUE, TAKOB: JOCTYIl MMEKT BCE OIEpaluH,
KOTOpBIE€ OMPEIENIEHbl JJIsl 3TOro OOBEKTa, MHBIMU CJIOBAMHU, Bce (DYHKLUU-
wnensl. Hanpumep:

class window

{

protected:
Rectangle inside;

b

class dumb_terminal: public window

{

public:
void prompt () ;

}i

31ech B 0a30BOM KJIacCe window WICH inside THIIA Rectangle ONMCHIBA-
€TCsl KaK 3aluIIeHHbINH (protected), HO (PYHKIIMU-UIEHBI MPOU3BOIHBIX KJIAC-
COB, HAIPUMEP, dumb terminal: :prompt (), MOTYT O6paTI/ITLC$I K HCEMY H BBbI-
SICHUTb, C KAKOTO BHJIa OKHOM OHHU paboTatot. ljis Bcex apyrux PyHKIUH dieH
window: :inside HEIOCTYIICH.

TaKOM TOJIXOJE COUYETAETCS BBICOKAsl CTEMEHb 3alUIIEHHOCTH C THOKO-

CTBIO, HEOOXOUMOW MIJIsi IPOTpaMM, KOTOPBIE CO3JAI0T KJIACChl U UCTIOIB3YIOT
UX.



HeoueBnnHoe cieicTBUe M3 3TOrO: HENb3S COCTABUTH ITOJHBIM M OKOHYATEIb-
HBIM CMHUCOK BceX (YHKUUN, KOTOPHIM OyAET JOCTYINEH 3allUIICHHbIA 4IeH, MO-
CKOJIbKY BCErJla MOYKHO JJOOABUTH €Il€ OJHY, ONPEAEIUB €€ KaK (QyHKIHIO-UJIeH

HOBOM NpPOU3BOAHOM Kjacce. i MeTona aOCTpakMM JaHHBIX TAKOW MOIXOA
4acTo ObIBaeT MaJyio nmpuemiemMbiM. Eciu s3bIk OpueHTUpyeTCcs Ha METOoJ abCcTpak-
[[UU JaHHBIX, TO OYEBUJHOE JIJII HEro pelieHue — 3T0 TpeOoBaHUE YKa3bIBaTh B
OIMCAaHUU KJIacca CIUCOK BceX (PyHKUUN, KOTOPHIM HY>KEH JOCTYII K ulieHy. B C++
JUTSL TOM 11€JIM UCTIONIBb3YETCsl OMMCAHUE YaCTHBIX (private) YICHOB.

BaxxHOCTh MHKATICYJIAINH, T.€. 3aKIFOUYCHUS YWICHOB B 3alTUTHYIO 000JOUKY,
pPE3KO BO3pacTaeT ¢ pPOCTOM pPasMEPOB MPOTPaAMMBl U YBEIWYUBAKOIIUMCS
pa3z0po-com 00acTeil MPUITOKECHHS.

2.2 HacaenoBauue

HacnenoBanue mpezacrapisieT cob60ii cioCOOHOCTh MPOU3BOJUTH HOBBIN KIlacc
U3 CyIIECTBYIOIIEro 6a3oBoro kiacca. [Ipou3BoaHbIi Ki1ace — 3TO HOBBIN KJlacc,
0a30BBbIil KJIacc — CymecTBylomui kinacc. Korma BeI mopokaaeTe ouH KJIacc U3
npyroro (6a30Boro kiacca), MpOU3BOIHBIA KIIACC HACIEIYET 3JIEMEHTHl 0a30BOTO
kiacca. s mopoxxaeHust kiacca U3 06a30BOro HayMHANWTE OMpEesieHHuE MPOu3-
BOJIHOTO KJlacca KIIIOYEBBIM CIIOBOM class, 3@ KOTOPBIM CIEIyeT MMs Kiacca,
JIBOETOYME M MM 0a30BOTO KJlacca, HalpUMep class dalmatian: dog.

Korma Bbl moposkaaere kinacc u3 0a30BOro Kiacca, MpOU3BOHBIN KllacCe MO-
JKeT oOpamarbcs K OOIMM 3JIeMeHTaM 0a30BOro Kjacca, Kak OyJITO 3TH 23Jie-
MEHTBI OMNpPEAEIEHbl BHYTPU CaMOIr0 MNPOW3BOAHOrO Kiacca. i goctyma K
YacT-HBIM  JaHHBIM  0a30BOr0  Kjlacca TMPOM3BOJHBIM  KJIacC  JIOJDKEH
UCII0JIb30BaTh UH-TepdeiicHbie PyHKIMM 0a30BOr0 Ki1acca.

BHyTpu KOHCTpYKTOpa MPOU3BOIHOIO KJIacca Ballla MpOorpamMma JI0JKHA Bbl-
3BaTh KOHCTPYKTOP 0a30BOro Kijacca, yka3bIBasi JBOCTOUHE, UMSI KOHCTPYKTOpa
0a30BOr0 Kjlacca U COOTBETCTBYIOILIME MAPAMETPhl Cpa3y *Ke IMOCJE 3arojoBKa
KOHCTPYKTOpa MPOU3BOIHOTO KJlacca.

Yrobbl o0ecnednTh MPOU3BOJHBIM KJIaccaM MPSIMOM JOCTYI K OINpeNeIeHHBIM
pJIeMEHTaM 0a30BOr0 Kjacca, B TO e BpeMs 3alllMIas 3T 3JEMEHThI OT OCTaB-
nieiicss yactu mporpammbl, C++ obecrnieunBaeT 3allUIIEHHBIE (protected) 3Je-
MEHTBI Kjacca. [Ipou3BOAHBIN Ki1acc MOXKET oOpamarbcs K 3allUIICHHBIM dJie-
MeHTaM 0a30BOTro Kjacca, Kak OyaTo OHM SIBISIFOTCS oOumumu. OIHAKO ISl OCTaB-
HIeics YacTy MPOTrPaMMBbI 3aIIUIIICHHBIEC YJIEMEHThI SKBUBAJICHTHBI YaCTHBIM.

Ecnu B nmpousBoHOM 1 0a30BOM KJIacce €CTh DJIEMEHTHI C OJIMHAKOBBIM HMeE-
HEM, TO BHYTpU (pyHKUUH mpon3BoaHOro Kiacca C++ OyaeT ucnoiab30BaTh dJe-
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MEHTBI TPOU3BOJHOTO Kiacca. Eciau QyHKIMAM mpou3BOJHOrO Kilacca HE0OXO-
JAHUMO O6paTI/ITBC$I K 3JICMCHTY 0a30BOTO KJ1accCa, Bbl JOJDKHBI UCIIOJIb30BAaTh OIIC-
paTop riao0abHOTO pa3pelIeHus], Hal[pUMep base class:: member.

2.3 Tloaumoppusm

[TormmopdHEIT 00BEKT MPEACTABISIET COO0M TaKOW 0OBEKT, KOTOPHIN MOKET

U3MEHSTH (OpMY BO BPEMSI BHITIOJHEHUS [IPOTPaAMMBI.

O00BEKTHO-OPUEHTHUPOBAHHBIX SI3bIKAX KJIACC SIBISIETCA aOCTPAKTHBIM THUIIOM
nanHbIX. [lonuMopdusm peanusyercs ¢ MOMOUIbIO HACIEIOBAHUS KJIaCCOB U BUP-
TyanbHbIX (QyHKIMHA. Kinacc-moToMok HacjiexyeT CUrHaTypbl METOJIOB Kilacca-po-
IUTENs, a peaju3alus, B pe3yJbTaTe NEpeonperesieHus METOAd, 3TUX METO/0B
MOET OBITh JAPYroil, COOTBETCTBYIOLIECH crnernuduke kiacca-noromka. [pyrue
(GYHKIIMM MOTYT paboTaTh ¢ 00bEKTOM KJlacca-poAUTEeNs, HO P ’TOM BMECTO HEro
BO BpeMsl HCHOJHEHUs OyJeT MOJCTaBISATHCA OJUH W3 KJIACCOB-TIOTOMKOB. JTO
Ha3bIBAETCS MMO3/ITHUM CBA3bIBAHUEM.

Kiacc-moToMok cam MOXET ObITh POJUTENIEM. DTO MO3BOJISIET CTPOUTH
CJI02K-HbIE CXEMBI HACJIEJOBAaHNS — APEBOBUIHBIE U CETEBUIHBIE.

AOcTpakTHbIE (MJIM YUCTO BUPTYaJIbHBIE) METOJIBI HE UMEIOT peallu3aliuu BO-
obme. OHU crienuanbHO MpeTHA3HAuYeHbI A HaclieqoBaHus. Ux peanuzarus
JI0JKHA OBITH OTpe/ieieHa B KJIacCax-MOTOMKAX.

Knacc moxer HacienoBaTh (PyHKIMOHAJIBHOCTh OT HECKOJIBKMX KJIacCOB. DTO
HAa3bIBACTCSI MHOKECTBEHHBIM HACTEIOBaHMEM. MHOXXECTBEHHOE HACJEeIOBaHUE
co3maér mpobieMmy (Korja Kiacc HaclleAyeTcsi OT HECKOJBKHX KJIacCOB-TIOCPE-
HUKOB, KOTOpPbIE B CBOIO OYEpE]b HACIEAYIOTCS OT OJHOIO Kiacca (Tak Ha3blBae-
mas «[IpoGrema pombay»): ecnu Meron oOIIero mnpenka ObLI mepeonpeaenéH B mo-
CpPEeIHUKAX, HEM3BECTHO, KaKyI0 peaJM3alli0 MeToAa IOJDKEH HaclieoBaTh 00-
il noTroMok. Perraercs 3ta npoGiema uyepe3 BUPTYyalIbHOE HAClIeJOBAaHUE.

2.4  Hcropus nosisjenus C++

1980 rony brepn Crpayctpyn B AT&T Bell Labs ctan pa3pabarsiBaTh pac-
mupenue s3bika C moj ycnoBHbIM HazBanuem C++. CTuiib BeneHus pa3paboTKu
BIOJIHE COOTBETCTBOBAJI AYXY, B KOTOPOM co31aBajicsi U caMm si3blk C, — B HEro
BBOJIWJIUCH T€ WJIM MHBIC BO3MOXKHOCTH C II€JIbIO cliesiaTh Oojiee yaoOHOU paboTy
KOHKPETHBIX J0eH U rpymi. [IepBblii KOMMEPUYECKUNM TPAHCIATOP HOBOTO SA3BIKA,
nonyuuBiiero Hazpanue C++ mosiBuwiics B 1983 romy. OH mpenctaBisii co-00it
MPENpOIEeCCop, TPAHCTUPOBABIIHIA Tporpammy B ko Ha C. OqHako dakTu-
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YECKUM POXKJECHUEM S3bIKa MOXHO CUMTaTh BHIXOJ B 1985 rony xuuru Crpa-
yctpyna. iMenHo ¢ 3toro MomeHnTa C++ HauMHaeT HabMpaTh BCEMHUPHYIO MOMY-
JSIPHOCT.

I'maBroe HOBOBBemeHune C++ — MeXaHHM3M KJIACCOB, HAIOIIUN BO3MOXXHOCTh
ONpeAeNsATh U WUCMHOJIb30BaTh HOBBIE THIBI JAaHHBIX. [IporpaMMucT ommuchiBaeT
BHYTPEHHEE NpeJICTaBIeHUE 00beKTa Kiacca U Ha00p (YHKIUNH-METOAO0B AJis J0-
CTyna K 3ToMy IpeacTtaBieHnto. OQHOW M3 3aBETHBIX Lened npu cozganuu C++
ObUIO CTPEMJICHUE YBEJIIMYUTh IPOLEHT IMOBTOPHOI'O HCIIOJIb30BAaHUS YXKE Halu-
caHHoro kozja. Konuemniusi kjiaccoB mpezsiaraia i 3TOT0 MEXaHU3M HacJeno-
BaHus. HacnepoBanue mo3BOJSIET co37aBaTh HOBbIE (IIPOM3BOIHBIC) KIIACCHI C
paCIIMPEHHBIM MPEICTaBICHHEM U MOAM(PHUIMPOBAHHBIMU METOJaMH, HE 3aTpa-
rUBasi IpU 3TOM CKOMITUIMPOBAHHBINA KO UCXOHBIX (0a30BbIX) KiaccoB. Bmecte

TEM HacjeloBaHUe oOecrnevynBaeT OJUH U3 MEXaHW3MOB pealu3aluy MOJIUMOp-
¢uzma 6a30BOM KOHLENIUH OOBEKTHO-OPHUEHTHPOBAHHOTO IPOTPAMMUPOBAHUS,
COIVIACHO KOTOPOM, sl BBIOJHEHUS OJHOTUIIHOW 0OpabOTKM pPAa3HBIX THUIIOB
JAHHBIX MOXKET MCII0JIb30BaThCs OJUH U TOT ke KoA. CoOCTBEHHO, NOIMMOp(U3M
TOK€ OJIUH U3 METOA0B 00€CIeUeHHs TOBTOPHOIO UCIOIb30BaHUS KOJIA.

BBenenue kiiaccoB He ucueprbIBaeT BceX HoBauui s3pika C++. B Hem
peann-30BaHbl MOJHOIICHHBIM MEXaHU3M CTPYKTYPHOH 00paOOTKH UCKIIIOUECHUMH,
OTCYT-CTBUE KOTOpOro B C 3HAUMUTENIBHO 3aTPYJHSUIO HAlKMCAHUE HAJEKHBIX
IporpamMMm, MEXaHU3M MIA0JIOHOB — M3OUIPEHHBIH MEXaHW3M MaKpOTeHEepaluHu,
rJIyOOKO BCTPOCHHBIM B SI3bIK, OTKPBIBAIOIIMKA €1l OAWH MyTh K MOBTOPHOM
UCII0JIb3YEMO-CTH KOJIa, © MHOT'O€ IPYTOE€.

Takum oOpa3om, reHepasibHasi JIMHUS Pa3BUTUS sA3bIKa OblIa HampaBiieHA Ha
pacIIMpeHre €ro BO3MOYKHOCTEH IIyTEM BBEICHHS HOBBIX BBICOKOYPOBHEBBIX
KOHCTPYKIIMI MPU COXPAHEHUHU CKOJIb BO3MOYKHO MOJHOM coBMeCcTUMOCTH ¢ ANSI
C. Koneuno, 60opr0a 3a MOBBINICHWE YPOBHA S3bIKa IIJIa U HA BTOPOM (pOHTE: TE
K€ KJIACChl MO3BOJISIOT MPU IPAMOTHOM IOJXOJI€ YNPATHIBATH HU3KO-YPOBHEBBIE
orepaiyu, TaKk 4YTO MPOrpaMMHCT (PAKTUYECKH TIEepecTaeT HENoCpea-CTBEHHO
paboTath ¢ NaMATHIO U CUCTEMHO-3aBUCUMbBIMU CYIIIHOCTSIMU.

Ha naHHBII MOMEHT CYILIECTBYIOT CIEAYIONINE CTAHAAPTHI si3b1ka CH++:

ANSI C++/1SO-C++ - 1996 rox,
ISO/IEC 14882:1998 — 1998 ronx,
ISO/IEC 14882:2003 — 2003 rop,
C++/CLI - 2005 rox,

TR1 - 2005 ron,

C++11 - 2011 ropx.
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2.5 HososBeaenus v oraamuusa C++ or C

C++ mosBWIMCH KiacCchl U 00BEKTHI. TexHmuecku, kimacc C++ — 3To THI

CTpyKTYyphl B C, a 00BEKT — IEpeMeHHas Takoro tuna. PasHuia TojJbKo B TOM, 4TO
C++ ectb emre MOAU(PUKATOPHI JOCTYIA U MTOJIIMUA MOTYT OBITh HE TOJBKO
JaH-HbIC, HO ¥ PYHKIUH ((PYHKITUU-METOJIBI).

C++ nosBUIUCH ABE HOBBIE ONEpALIMK: new U delete. B mepByro ouepenb
3TO — COKpAILEHUs AJI PACIPOCTPAHEHHBIX BBI30BOB (PYHKINM malloc U free:!

[Ipu BBI30BE new aBTOMATHYECKH BBI3BIBAETCS KOHCTPYKTOD, a IPU BBI30BE
delete — pnecTpykTop. Tak 4TO HOBOBBEIEHHE MOXXHO ONKCATh (POPMYJION:
new =malloc + KOHCTPYKTOp, delete = free + IECTPYKTOP.

C++ nosBwinch (PyHKLINH, KOTOPBIE BBI3BIBAIOTCS aBTOMATHYECKH IOCTE
CO3JaHMs IEPEMEHHON CTPYKTYpPbl (KOHCTPYKTOPBI) U MIEPEN €€ YHUUTOKEHUEM
(mectpykTopsbl). Bo Bcex ocTaibHBIX OTHOLIEHHSIX 3TO — OOBIYHBIE (DYHKIIMH, HA
KOTOPBIE HAJIOKEH PsiJl OrpaHuYeHU. HekoTophle U3 3TUX OrpaHUYEHU HUYEM
HE OIpaBJaHbl U MEUIAIOT: HAIIPUMEP, KOHCTPYKTOP HENb3s BBI3BATH HAIIPSIMYIO
(mecTpykTOp, K CUacThio, MOXHO). Henb3st BEpHYTh M3 KOHCTPYKTOpA WJIU Jie-
CTpyKTOpa 3HaueHue. YTo 0COOEHHO HENPUATHO JIJIsi KOHCTPYKTOpa. A IE€CTPyK-
TOPY HENb3S 3a1aTh IAPAMETPBI.

IIpu mporpammupoBannu Ha C 4acTto OBIBAET TakK, YTO MMEETCS HECKOJIbKO
BapHAaHTOB OJIHOM U TOU K€ CTPYKTYPBbI, 1151 KOTOPBIX €CTh aHAJIOTUYHbIE (DYyHK-
uuu. Hampumep, ecTh CTpyKTypa, ONUCHIBAIOIAs TOUKY (Point) M CTPYKTYpa,
OMKCHIBAIOMIASL OKPYXKHOCTh (Circle). yist HUX 00OUX YacTO MPUXOIUTCS BbI-
MOJIHATH ONEepaluio pucoBaHus (Point). Tak yTo, ecnu y Hac ecThb OJOK
JaHHBIX, TJI€ TMepeMelIaHbl TOYKH, OKPYKHOCTH M Ipouyue rpaduueckue
IPUMUTHUBBI, TO TIEpE] HAMU CTOMT 3aJlaya ObICTPO BBI3BATH I KAXKJOTO U3 HUX
CBOIO (DYHKIIMIO PUCOBAHMSI.

OObIuHOE pelieHue — MOCTPOUTh TAONMILy COOTBETCTBHUSI «BapHAaHT CTPYK-
Typbl — (QpyHKIUsA». 3aTeM Oepercs OYepeIHON MPUMHUTHUB, ONPEACNSIETCS €ro
TUN, W MO Tabimuue BbI3bIBacTCa HyxXHas ¢yHkius. B C++ BceM »THM
3aHMMAETCS KOM-TIWJIATOP: JIOCTATOYHO OOO3HAUYMTh (PYHKIMIO-METOJ Kak
virtual, U JUIsl BCEX OJHOMMEHHBIX (PyHKUUN OyJeT co3znaHa Tabiuia v moje
THUIIA, 32 KOTOPBIMU CJIe-AUTh OyAeT Takke KoMIuisTop. [Ipu monbiTke BHI3BAThH
GYHKIUIO C TakKUM UMe-HeM, OyJeT BbI3BaHA OJIHA M3 CEPUU OIHOMMEHHBIX
(GyHKLMNA B 3aBUCUMOCTH OT TUIA CTPYKTYPHI.

HckmoueHne no cBoei CyTH — 3TO MOCIeI0BaTeNIbHOCTh goto U return. Oc-
HOBaHO Ha C-TEXHOJIOTUH setjmp/longjmp. try ¥ catch —3TO setjmp C IIPO-
BEPKOM. throw —3TO longjmp. Koraa BeI3bIBAETCS throw, TO IPOBEPSAETCS: €CIIN
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OH OKaXCTCA BHYTPH Ooka try, TO BBIIOJHACTCA goto Ha HapHBIﬁ 010K catch.
Ecin HET, TO ACIACTCI return U HIICTCA catch Ha YPOBCHB BBHIIIC U TAK JAJICC.

2.5.1 Apeymenmot no-ymonuanuro

ApryMeHT MO-yMOJYAaHHIO — 3TO TO, O Ye€M MeyTalau nporpamMmmuctsl C:
YTOOBl MHOTJA HE HaJA0 OBLJIO MPHU BHI30BE 33JaBaTh HEKOTOPHIC MapaMeTphl,
KOTOPBIE B 3TOM CITy4ae JOJKHbI HMETh HEKOTOPOE «OOBIYHOE)» 3HAYEHUE:

void f(int x, int y=5, int z=10);

void g(int x=5, int y); /* HempaBunbHo! IIo yMOJIUAHMIO 3aOaRTCS TOJBLKO
rnocJsienHUe apIyMEHTH

*/

f(l); // ©6ymer BH3BaHO f (1, 5, 10)

f(1, 2); // ©6ymer BHBBaHO f (1, 2, 10)

£(1, 2, 3); // Oymer BusBaHo f(l, 2, 3)

JKemanne nporpammuctoB C KOHTPOJIMPOBATH TUIIBI IAPAMETPOB B define-
ax mopoauino B C++ inline-pyHkmuu. Takas QyHKOHS — 3TO OOBIYHBIN
define ¢ mapaMeTpaMu, HO 0€3 HCIOJB30BAHHUS CHMBOJOB «\» U C
MIPOBEPKOW THIIOB.

JKenanue y3akoHUTH B IapameTpax define MM TUIIA IOPOJMIIO template.
['maBHBIN TIIOC template — TO, YTO #define C OJAMHAKOBBIMHM IapaMeTpaMu
[O-POJIUT JBAa OJHMHAKOBBIX KyCKa KoJa. A template B KOMIIWISATOPE CKOpee
BCEro OyJIeT ¢ ONTHUMHM3UPOBAH: OJAMHAKOBBIE KYCKH KOJa OyIyT COEAMHEHBI B
onuH. IMeeTtcs 00BN KOHTPOJIb TUTIOB TIO CPABHEHHUIO C #define.

2.5.2 Ccoinku u yxazamenu

C++ ccblika — 3TO MPOCTOM CCHUIOYHBIN THUII, MEHEE MOIIHBIN, HO OoJee
0e30macHbIif, YeM yKaszaTellb, YHACIeN0BaHbIN OT si3bika Cu. Eciiu Mbl 00bSIBUIIH
MEPEMEHHYIO, TO JUIS XpPAaHEHUS 3HAYEHUM BBIAEHSAETCS MNaMsITh. YTOObI
U3MEHUTh WA MPOYUTATh 3HAYEHUE [EPEMEHHON (TO €eCThb 3HAYCHHE
HaxojsmIelcs B 3TOW 00JacTH NaMsATH), Mbl OOpaiaemMcs MO0 UMEHH 3TOU
nepemeHHOM. B s3p1ke Cu uMst cyniHOCTH (MIEPEMEHHOM, ThMa, PYHKIIUU U T.1I1.)
— 910 uaeHTuukarop. C TOUKM 3peHUs NPOrPAMMUCTA, OOBSBIISASL CChUIKY (MU
e yKasbIBasg, 4TO OHAa Oy-/IeT BO3BpAIla€MbIM 3HAYECHUEM WJIH aPTyYMEHTOM
(GyHKUIMK), MBI 3aJ]aéM aJIbTep-HATUBHBIN UJIEHTU(DUKATOP AJIA yKE CO3AaHHOTO
oObekTa. B s3pike Cu cebiiok HeT. C TOUKM 3peHus peajin3allii, CChllKa — 3TO,
[0 CYTH, YKa3aTelb, KOTOPBIH KECTKO MPUBS3aH K 00JIACTH MaMsITH, Ha KOTOPYIO
OH YKa3bIBa€T, M KOTOPBIA aB-TOMATHYECKU Pa3bIMEHOBBIBAETCS, KOTJA MBI
oOparraemcst 1o UMEHH ccbUIKU. Hampumep:

int a; // mepeMmeHHas Tuna int, pasMmemenHHasd 1o ampecy 0xbfd86de6c
int &ra = a; // albTepHATMBHOE MMHA IJid NepeMeHHOM no ampecy 0Oxbfd86déc
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|cout << &a << "\n” << g&ra << “\n”; |

[IpuBeneHHOMY BBIIIIE KOAY OyJAE€T COOTBETCTBOBATH CJICIYIOIINI BHIBO:

Oxbfd86dé6c
Oxbfd86dé6c

To ecTb 00a IMEHM a U ra MPUBSI3aHbI K OTHOMY U TOMY K€ aJpecy.

Ccbuiku Hemb3s 00BABIATH 0€3 MPUBS3KU K IEPEMEHHOM (TO €CTh He MHULIN-
anu3upoBaB mpu 00bsaABiIeHUH). [locie 0OBABICHUS CCHUIKM €€ HEBO3MOXKHO
MPU-BA3aTh K APYTrOd NEPEMEHHOM.

BakHo oTiau4aTh CCBHUIKM OT omeparopa B3saTus aapeca & (address of).
Omnepa-Top B3sTHS aJpeca UCHONb3YeTCs IS YK€ CO3AHHOTO 00BEKTa C 1EIIbIO
MOJIY-YUTh €T0 ajipec (TO eCcTh aapec 00JIacTU MaMATH, TJIe XPAHATCS 3HAUCHUS),
a CChUIKA 3TO TOJIbKO 3aJJaHuE€ aJbTEPHATUBHOIO MMEHH OOBEKTa (C TOYKH
3peHus NporpaMMUCTa, a He peanu3anuu). Hanpumep:

int a = 3; // nepeMmeHHas Tuna int pasMemena no azpecy 0xbfd86déc
int *p = &a; /* ykasaTesb Tuna int* c mMenem "p" mo ampecy Oxbf971cédc,
3HaUeHMEe BTOTO yKasaTeysa - anpec obwekTa c mMeHeMm "a" - 0xbfd86do6c

(3TO 3HaueHMe MOXHO OyImeT MEeHATh) : */

p = &b;

Otnnune ykasareiss OT CCBUIKA B TOM, YTO IOJIYYUTh CaMO 3Ha4€HHE Iepe-
MEHHOM, Ha KOTOPYIO YKa3bIBAECT YKa3aTellb, MOXKHO TOJIBKO BBHIIIOJIHUB OIlepa-
LUIO0 Pa3bIMEHOBBIBaHUS * (CUMBOJ «*» B OOBSABICHUU SBIIAETCS OOBSBICHUEM
yKaszarels, a pU IPUMEHEHUH K YK€ CO3IaHHOM IEPEMEHHON SBIISIETCS Olepa-
TOpPOM pa3bIMeHOBbIBaHus ). Harpumep:

int a = 3;
int *p = &a; // obBgBMIM, CO3OaNM, U UHULUAJIMIUPOBAJU OOBEKT

cout << *p << '\n'; /* 3mech K yXe CO3IaHHOMY OOBEKTYy C muMeHeMm "p"
npuMeHseTcsa onepatop "*", KOTOPEM O3HAadYaeT “CUuMTaThb 3HaueHue usz "p",
KOTOpOEe HBJISETCH ampecoM M majlee CuMTaTh OaHHBe IO 3ToMy adpecy’” */

Hroro ectp nBa oneparopa: * u &. [IepBbll 0 JAaHHOMY aapecy, KOTOPBIU
XpaHUTCS B TIEPEMEHHOM THMA int*, BO3BpAllaeT COOCTBEHHO JaHHBIC,
pPACIOJIO-KEHHBIE TI0 ATOMY aJpecy. BTopou 1o JaHHOM NEPEMEHHOM Y3HAET €€
aJpec B MaMSITH.

2.6 Kiuarouesoe cj10Bo static

B C/C++ umeercs natb NpUMEHEHHUI KJIFOYEBOTO CJIOBA static.

static int i = 0;
static void foo ()

{}
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['moGanbHas mepemMeHHasi, OOBSABIEHHAs C KIIOYEBBIM CIIOBOM static, Oyaer
UMETh internal linkage, T.€. OHa OyJneT OOBsIBICHA TJIO0ATHHOW TOJIBKO B paM-
KaxX OJTHOM €IWHUIIBI TPAHCIIHK (Yalle BCEro, TAKOM €IUHUIICH TPAHCIISINU SB-
nsercst aitr). Takum 00pa3oM HCIOIB30BAaHUE static MOMOTaeT W30AaBUTHCS OT
OIMOOK JTMHKOBKH M3-3a TOTO YTO B Pa3HBIX 00BEKTaX TPAHCIISIUU OBLIN OOBSB-
JIEHBI TJI00aTbHBIC TIEPEMEHHBIC C OJTMHAKOBBIMUA UMEHAMU.

void foo () {
static int i = 0;

}

3aMeTHM, YTO HaJU4YKE TJIOOAIBHBIX MMEPEMEHHBIX CKOPEE BCETO CBUACTEIb-
cTByeT 00 omubKax mpoekTupoBaHus. B kpaliHeM ciydae crleayer
UCIIOJI30BaTh CUHTIITOHBI (CM. T1aBy 12 «IlaTTepHbl NPOESKTUPOBAHUSY ).

['mobanbHas QyHKIuUs, oOBSBICHHAS C KIIOYEBBIM CIOBOM static, Oyjaer
TaKke€ HUMETh internal linkage. Hamuuue rmobanpHbIX QyHKIUE 00
OLIMOKaX MPOEKTUPOBAHUSI HE CBUJETENLCTBYET, KaK MPABUJIO.

void foo () {
static int i = 0;

}

JlokanbHasi mepeMeHHasi, OObsBICHHAs C KJIIOYEBBIM CIIOBOM static, Oyner
HUMETh JIOKAJbHYI0 00JIaCTh BHIMMOCTH M BPEMS JKU3HU — OT MHUIMAIN3ALUU JI0
3aBepIlIeHus MporpamMmbl. TakuM 00pa3oM, COCTOSTHUE CTaTHUYECKOW MEepeMEHHOU
COXpaHsieTCs MEXIy BbI30BaMU (PyHKIMH. MHUIManM3anus JIOKadbHOM cTaTh4e-
CKOM TepeMEHHOI OyleT MPOMCXOAUTh B TOT MOMEHT KOIJla BBINOJIHEHHUE IpO-
rpaMMBbl IPOUJIET Yepe3 CTPOUKY C OOBSABICHUEM NIepeMeHHOU. Ecian KOHCTpyK-TOp
JIOKaJbHOW CTaTUYECKON TMEPEeMEHHOW BBIOPOCHUT HUCKIIOUEHHE (KOTopoe Oy-IeT
00paboTaHo), TO MPHU CIEAYIOUIEM MPOXOXKICHUU STOW CTPOUKH OYIEeT TaKkKe
BBIIIOJIHEHA IONBITKA WHHUIMAIU3ALMU NepeMeHHoM. Eciaum mHunuanusanus cra-
TUYECKON JIOKAJTbHOW TEPEMEHHOW TMpOIUia YCIENIHO, WHHUIHaIU3aluu Oolee
npoucxoautb He Oyxaer. [lo-ymomuanwuto, cratuueckue nepemerasie POD-Tumos
VHULMAIA3UPYIOTCS HYJISIMU.

class MyClass {
static void foo();
static int i;

}s

int MyClass::1 = 0
(

void MyClass::foo () { }
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ATpuOyT Ki1acca, 0OOBbsBICHHBIN C KIIOYEBBIM CIOBOM static, OyJeT UMETh
r1100anbHyI0 00J1aCTh BUAMMOCTH (dYepe3 KIIAcC, pa3yMeeTcs) U BpeMs KU3HU —
OT MHULMAJIU3ALMK J0 3aBEPLICHUs IporpaMmbl. MHUIMan3anms cTaTH4ecKux
aTpuOyTOB MPOUCXOUT TaK K€ KaK U INI0OATBHBIX MEPEMEHHBIX: B TI100aTbHON
00J1aCTH BUAUMOCTH OOBSBIISIETCS TUII IEPEMEHHOM, 3aTEM €€ UM (C yKa3aHHEM
Kjacca B KOTOPOM OHa COJAEPXKHTCA), W, OINLHUOHAIBHO, WHUIUAIA3ATOPOM,
Hampumep: int MyClass::variable = 5; Ilo-ymoidanuto, cratuyeckue
ne-peMeHHbIe-WICHBI Tak)Ke OyAyT MHUIIHATU3UPOBAHBI HYJISIMHU.

Meton kitacca, OOBSBICHHBIN C KJIIOYEBBIM CIIOBOM static, OyleT UMETh
rJ100anpHy0 001acTh BUIUMOCTH. B oTianuune ot 1pyrux QpyHKUMA-4IEHOB, CTa-
TUYECKHUI METOJl He OyJET MoJydaTh yKa3aTelb T * this Ha TEKYIIUH OOBEKT
(cm. 1. 3.6) ¥ COOTBETCTBEHHO HE MOXKET OBITh OOBSBIIEH CO CelU(pUKATOPAMU
const WM virtual, MO 3TOW K€ NPUYMHE CTATHYECKHE METOJAbl HE UMEIOT
Ipsi-MOTO JI0CTYIa K HECTaTUUECKUM IOJISIM KJlacca.

Kaxxaplii HecTaTH4eCKU METOJ, IOMUMO SIBHO OOBSBIIEHHBIX [apaMeTpOB,
HOJIy4YaeT €Ile OJUH CKPBITHIM MapaMeTp: KOHCTAHTHBIM yKa3aTellb Ha OOBEKT,
11 KOTOPOTO OH BbI3BaH. B C++ 3T0 ykazaTenb 0003HauaeTcs 3ape3epBUpPOBaH-
HBIM clloBOM this. Korma ums mapaMerpa mMeTofa COBHAJaeT ¢ UMEHEM MOJIs
KJ1acca, JOCTYI K MOJIIO BBIMOJHAETCS YEpEe3 3TOT yKaszarelb (Hanpumep,
this->num).

2.7 KiarodeBoe cJ10BO const
ECTBHBCTOqKH3pCHHHIﬂ1HCHOﬂLSOBaHHCConst:

const — 93T0 miI0X0. OT Hero OOJbIIE XJIOMOT, YEeM ITOJB3bI, OIINOKH
KaKHe-TO CTPaHHbIC BbLIE3aTh HAUYMHAIOT, JIYUIIIe UM HE MOJIb30BaATHCS.

const — OJTO XOpPOHIO. const HE AACT MCHATH O0OBEKTHI, KOTOPBIC HEC
JOJDKHBl ~ MEHATHCS, TaKUM 0O0pa3oM oOeperaer OT OIIMOOK, €ro Hajao
HCII0JIb30BaTh BE3JE I'I€ TOJIBKO MOKHO.

AHTJIMICKOM JINTEPATYPE MOYKHO YaCTO BCTPETUTH TEPMUHBI const correct-
ness 1 const correct code, s KoJa, KOTOPBIM KOPPEKTHO HCHOJIB3YET const.
const MMEET HEMHOTO Pa3HbIM CMBICII B 3aBUCUMOCTH OT TOT'O I'1€ HAXOAUTCH.

2.1.1 Oovasenenue nepemenHnvix

Camblii IpocTO cityvail, oObIuHas nepemenHas. [lepemennas oObsaBisiercs,
TYT K€ UHULUATU3UPYETCS, MEHSTh €€ 3HaUeHUE OOJIbIIIEe HENb3s:

const int p=4;
p=5; //oumbxa
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[Tpo ucmonp30BaHUEe const C yKa3aTeasMH eCTh W3BeCTHBIN C++ ma3si, Ko-
TOPBIN JTIOOAT 1aBaTh Ha COOECEIOBAHUAX MPHU MTpHeMe Ha padoTty. Uem oTinua-
I0TCS

int *const pl
int const* p2
const int* p3

IIpaBuio TyT Takoe: IPOBECTH MBICICHHO BEPTUKAIBHYIO YEpPTy IO 3BE3-
nouke. To, 4TO HaXOIUTCA CIpaBa OTHOCUTCA K IepeMeHHOM. To, 4To cieBa — K
THITY, Ha KOTOPBIM OHA yKa3blBaeT. BoT Hanpumep:

int *const pl

CnpaBa HaXOUTCA pl, U 3TO pl KOHCTAaHTA. THII, HA KOTOPBIA pl YKa3bIBAET,
9TO int. 3HAYUT MOJYYHIICS KOHCTAHTHBIM yKa3zaTeiab Ha int. ETro MOXHO MHU-
[IAAJIM3UPOBATH JIUIIH OJTHAXK/IBI U OOJIbIIIE MEHATH Helb3s. Hy)kHO Tak:

int g=1;
int *const pl = &g; //uHMLMaAIM3aLMS B MOMEHT OODBABIEHUS
*pl = 5; //CcaMo UMCJIO MOXHO MEHSATH

Bort Tak KOMITWJIATOP HE MMPOITYCTHUT, IIOTOMY YTO UACT ITOIIBITKA ITPHUCBOCHUA
KOHCTAHTC:

int g=1;
int *const pl;
pl = &q; / /ommbra

Crnenyromue 0ObsIBICHUS — 3TO MO Pa3HOMY 3aITMCAHHOE OJTHO U TO K€ 00b-
ABJICHHME. YKa3aTelb Ha 11eJI0€, KOTOPOE HEJb351 MEHSTh.

int const* p2
const int* p3

OOBIYHO B peaNibHBIX MPOTrpaMMax HCIOJIb3YETCS BAPUAHT OOBSIBICHUS
const int, @ int const HCHOJIb3yEeTCS, YTOOBI 3aMyTaTh HA COOECEIOBaHUMU.

int g=1;
const int *p;

= &g; //Ha UYTO YyKa3LHBAET P MOXHO MEHATH
*p = 5; //ommbka, UYMCIIO MEHSATHB yXE& HEeJb3d

const MOYHO MCHOJIb30BAaTh CO CCHUIKAMH, UYTOOBI U€pPEe3 CChUIKY HENb3S
OBLIIO TOMEHATH 3HAYECHHUE IIEPEMEHHOA.

int p = 4;
const int& x = p; //Heub3sa uepes X MNOMEHATH 3HAUEHUE
p x = 5; //ouubka
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KoHcTanTHas ccbuika (HampuMmep, ints& const x) — 3T0 HOHCeHc. OHa 1o
ONPENEIICHUIO KOHCTaHTHasA. KOMIMMIIATOp CKOpee BCEro BBIIACT MPERYIPEKIE-
HHUEC, YTO OH MMPOUTHOPHUPOBAJI const.

2.7.2 Ilepeoaua napamempos ¢ pynkyuio

const yJOOE€H, €CJM HYXKHO TepelaTh MnapameTpbl B QPYHKIUIO, HO MpPH
ATOM HaJI0 00s3aTEIFHO 3HATH, YTO MEPEAAHHBIN MapaMeTp He OyAeT H3MEHEH:

void f1l (const std::stringé& s);
void f2 (const std::string* sptr);
void £3(std::string s);

NEepBOM U BTOPOW (PYHKIIMU MOMBITKH U3MEHUTH CTPOKY OYIyT MONMaHbI
Ha JTane KoMmwisiuuu. B TpeTbeMm ciydae B (yHKUMH OyAeT NMPOUCXOIUTH
paboTa C JOKaJIbHOM KOMUEN CTPOKHU, UCXO/IHAsl CTPOKA HE MOCTPAIaeT.
[IpuBeneHue Foo** K const Foo** MPUBOJIUT K OIIMOKE OTOMY YTO TaKOE
MPUBEICHNE MOKET MO3BOJUTH MEHITh OOBEKTHI, KOTOPbIE KOHCTAHTHBHI.

class Foo {

public:
void modify(); //BHOCHUT KakMe-JIMOO MU3MEHEHMUSI

bi

int main() {
const Foo x;

Foo* p;
const Foo** q = &p; // g Tenepb yKasHBaeT Ha P; U 3TO
ommbra *q = &x; // p Temepbp ykaswBaeT Ha X p->modify(); //

IOMNBITKAa M3MEeHUTL const Foo!!

Camblii TPOCTOM CIOCOO 3TO UCIIPABUTH — 3TO IOMEHSTh const ~ Foo** Ha

const Foo* constt*,

2.7.3 const oannwie knaccoe

3Ha4YeHUs const JaHHBIX KJacca 3a/Ial0TCs OJUH pa3 U HaBCceraa B
KOHCTPYK-TOpE.

class CFoo

{

const int num;
public:

CFoo (int anum) ;

}i

CFoo::CFoo (int anum) : num(anum)

{

}
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HuTepecHbli MOMEHT CO static const JaHHBIMH Kjacca. BooOre ans naH-
HBIX [EJI0ro TUMa (enum, int, char) WX 3HAYEHHS] MOXHO 3a/1aBaTh MPSIMO B 00b-
sBieHuN kinacca. Cienyronumii Ko MpaBUIbHBIN ¢ TOUKU 3pEHUs CTaHaapTa:

class CFoo
{
public:
static const int num = 50;
}s

Ho B Visual C++ 6.0 Takoe 3ajanue 3Ha4eHus He paboTaeT, 3TO OJUH U3 6aroB
Visual C++ 6.0. Tyt 3amaBaTh 3HaY€HWE static const MEPEMEHHOW CIEIyeT
oTnenpHO. BMecTo Toro, 4To0Bl 3aIOMUHATh, KOTJIa MOKHO MPHU OOBSBICHUU TH-
caTh MHUITHAIHM3AIUIO, KOT/1a HeJIb3s, JIyUIlle cpa3y HamucaTh Tak:

class CFoo
{
public:
static const int num;
}i

const int CFoo::num = 20;

2.7.4 const ¢pynkyuu xnaccos

OyHKIMSA Kinacca, OOBsABIECHHAS const, TPAKTYeT this KakK yKa3aTelb Ha
KOH-CTaHTy. BooOiie Tun this B MeToJe kiacca X Oyner x*. Ho ecnu meTton
KJlacca OOBSABIIEH KaK const, TO THN this OyAeT const X*. B Takux Meromax
HE MOXET OBITh HHYETO TPHCBOCHO IIEPEMEHHBIM Kilacca, KOTOphIE HE
O0OBSIBJICHBI KaK static HMIJIM KaK mutable. Takke const-(yHKIIMH HE MOTYT
BO3BpaIllaTh HE const CCBUIKM M yKa3aTelIW Ha JIaHHBIE KJacca U HE MOTYT
BBI3bIBATh HE const (YHKIUU Kiacca. const-(DYHKIIMM WHOTJA HA3bIBAIOT
MHCTIeKTOpaMu (inspector), a ocTalibHble MyTaTopamMu (mutator).

class CFoo

{

public:
int inspect () const; // 2Ta byHkuma obemaeT He MeHAThH *this
int mutate(); // DTa byHKUMS MOXeT MeHATb *this

}i

B knacce MoryT mpucCyTCTBOBaTh J1B€ (YHKIMH OTJIMYAIOIIMECS TOJBKO
const.

class CFoo

{

public:
int func () const;
int func ();

}i
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He Bcsikas QyHkuns MokeT ObITh OOBsIBICHA KOHCTaHTHOU. KOHCTpYKTOPBI
U JECTPYKTOPHl HE MOTYT ObITh OOBSBICHBI KaK const. Takke HE ObIBaeT
static const (YHKIUH.

class CFoo
{
int 1i;
public:
static int func () const; //oumbka

i

OdunmanbHO TaKOTO MOHATHS KaK KOHCTAHTHBIN Kilace (const class) HE
cymectByeT. Ho yacTo moja 3THM NMOHHMMAaeTCs OOBSBICHHE BUJA const CFoo
p;. OK3eMIUIp Kiacca CFoo, OOBSBIEHHBIA TakuM o0Opa3om, obemaer
COXpaHUTh (PU3MUECKOE COCTOSHUE Kilacca, He MEHATh ero. Kak cimencTeue, oH
HE MOXET BBI-3BaTh HE const (YHKIUHU Kiacca CFoo. Bce naHHbBIE, He
0OBSBIICHHBIE KaK const, HAYMHAIOT TPAKTOBATHCS KaK const. Hampumep:

int cTaHoBUTCa int const
int * craHoBMTCH int * const
const int * craHoBMTCa int const *const

jEHHHCTBCHHBﬁi croco0 HHUOWAIU3UPOBATHL KOHCTAHTHBIC IIOJIA, IIOJIA-
CCbUIKHM MW BbI3BATb KOHCTPYKTOPBI POAUTCIIbCKHX KJIACCOB C OHpeﬂeﬂéHHBHWH
Ima-paMCTpaMu — CIIMCOK MHHUIIHUAJIU3AlUH. Crmcok HMHHUIHWAJIN3alluu OTACIACTCA
OT IIPOTOTHIIA KOHCTPYKTOpa ABOCTOYHCM H COCTOUT H3 HHHIOHAIN3ATOPOB
pa3I[e-J'IéHHI>IX 3aIIATBIMU. HaHpHMep OH MOXKCT BBIIJTIAACTD TaK:

struct A {
A(int) { }
}i
struct B: A {
const int c ;
unsigned d_;
unsignedé& r ;
B(): A(5), c_(4), r (d)

OTMeTHnM, 4TO BCETJa MEePBBIMU OYIYT BBI3BaHBI KOHCTPYKTOPHI POAUTEIh-
CKHUX KJIACCOB, a 3aTE€M YK€ MPOU30MIET UHUIIMAIM3ALIMS YWICHOB Kjacca, B MO-
pAIKEe X OOBSBICHUS B Kiacce. T.e. MOPSJIOK IMOJICH B CIIMCKE MHUITHATIA3AIUN
Ha MOPSAA0K MHULIMAIU3ALIUY BIUSHUS UMETh HE OyeT.
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2.7.5 Heckonvko gpakmos o const

KirodeBoe €0BO const mepes] 0OBABICHUEM MAacCHBa HMJIM YyKa3aTelis OTHO-
CHUTCS K DJIEMEHTaM MAacCUBa, a HE CaMOU MepeMeHHON-MaccuBy. T.e. const int*
p; YKa3bIBa€T HA JJICMCHT THUIIA const int M €ro 3HAa4YCHUC HCJIb3s1 U3MCHITD.
[Tpu 5TOM HHYTO HE 3amperiaeT U3MEHITh 3HAYCHHUE CaMOr0 yKa3aTessl, eCIIH XO-
TUTE ITO 3aNPETUTh — HATIMIIUTE const MOCIE «3BE3TOUKM.

JIx000i1 THI T IPUBOAMM K TUIY const T, MACCHUBBI U3 DJIEMEHTOB TaKUX TH-
OB TAaK)X€ MPUBOJMMBI, TaK YTO HE CTOMT BOJHOBATHCS HM3-3a TOTO YTO y Bac
yKa-3aTellb Ha CTPOKY THMA char*, a (yHKIUS NMPUHUMAET B ceOS apryMeHT
TANAa const char*. BooOwmie cnoBa const W static B OOBSIBICHUIX
GyHKUMNA ClIeyeT pacCTaBisTh CTPOro JO TEX IOp IOKa MporpaMma He
MPEKpaTUT KOMIIMIUPO-BaThcs. S emE HU pady HE BHUIET, YTOOBI
KOMITWJIMPYIOIIAsICA TMporpaMMa Iepe-cTaBaja TMpaBWIBHO paboTaTh OT
pacCTaHOBKM const M static (Ha HOPpMaJIbHBIX KOMHI/IJI?ITOan). Bunum
3aKpYUUBaAemcst Cedyouum oopazom. 00 cpwléa, 3amem noa-ob60poma Ha3ao.

KnroueBoe cnoBO const meped CTPYKTypOM WM KJIAcCOM, MO CYTH,
n00aBII€T KIIOYEBOE CJIOBO const KO BCeM €ro moyiaM. VckimoueHue
COCTABJISIFOT TTOJISI-CCBUTKH, TTOJISI OOBSIBIICHHBIE C KITFOUEBBIM CIIOBOM mutable U
cratudeckue mnois. T.e., A mpumepa BbIlIe, CIEAYIOMNN Ko/l OyIeT YCIEeIHO
CKOMITMJIMPOBAH (|, TI0 Uiee, M3MEHUT 3HAUCHUE MOJIs d_):

const B b;
b.r =7;

KoHcTanTHbIe MCTOAbI OTIMYAKOTCA OT HCKOHCTAHTHBIX JIMIIb TEM 4YTO
yKaza-TeJib this HMMECT THII HE T* const, a4 const T* const CO BCEMH
BBITCKAIOIIMUMH OTCrOAa IOCIICACTBUAMMU. HexoHcTanTHBIC MCTOJAbI HC MOI'yT
OBITH BBI3BAHBI y 00BEKTOB ABJIIAIOIMMMUACA KOHCTAHTHBIMM.
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KINACCbI B OOr

3.1 Yro Takoe kJjgacc?

OKOHYATEeJIbHOM BHJE Jr00as Mporpamma IMpejacTaBiseT coOoi Habop HH-
CTpyKUMH npoueccopa. Bee, yTo HanncaHo Ha 11000M A3bIKE IPOrPAMMUPOBAHUS
— Oosee ynoOHas, YHOPOIIEHHAs 3alUCh 3TOr0 Habopa HMHCTPYKIUH,
oOjeryaromias HalMCaHUE, OMIAAKY M MOCIEIYIOIYI0 MOAU(PUKAIUIO
nporpammel. YeM BbIlIE ypPOBEHb $3bIKa, TEM B Oozee mnpocTod (opme
3aMMCBIBAKOTCS OJHU U TE K€ IEH-CTBHSI.

C pocrom o0BbeMa HpOrpaMMbl CTAHOBUTCSI HEBO3MOKHBIM YJEp’KUBAaTh B
na-MsATH BC€ JE€Tald, W CTAHOBUTCA HEOOXOJUMBIM CTPYKTypHpPOBAThH
nH(pOpMaUIO, BBIACIATh TIJIaBHOE M OTOPACHIBATH HECYIIECTBEHHOE. OJTOT
IPOLIECC HAa3bIBAECTCS MOBBILICHUEM CTENIEHU a0CTPAKIMH IPOTPAMMBI.

Jnist si3pIKa BBICOKOTO YPOBHS TIEPBBIM IIAarOM K MOBBIIICHUIO aOCTPaKIUU SIB-
JsieTCs MCHOJb30BaHUE (YHKLUH, MO3BOJIAIOLIEE IOCHE HAMUMCAaHUA U OTIAJIKU
(GYHKIMU OTBJIEUYBCS OT JETallei ee peaan3amnu, ITOCKOIbKY IS BbI30Ba (DyHK-IIHH
TpeOyeTcst 3HaTh TONbKO ee uHTepgeiic. Ecnu rinobanbHble NEepeMEHHblE He
UCTIONB3YIOTCS, UHTEP(EIC MOTHOCTHIO ONMPEIEIAETCS 3ar0JI0BKOM (PYHKITUH.

Crnenyromuii mar — onrucaHue COOCTBEHHBIX THUIIOB JIAHHBIX, TTO3BOJISIOIINX
CTPYKTYpPUpPOBAaTh W TPYNIUPOBATH MH(OpMaLUIO, NpEACTaBisia ee B Oosee
ecTe-cTBEHHOM Buje. Hampumep, Bce pa3HOpOAHBIE CBEACHUS, OTHOCAIIUECS K
OJI-HOMY BHUJY TOBapa Ha CKJIaJe, MOXKHO NpPEICTaBUTh C TMOMOLIBIO OJHOMN
CTPYK-TYDpBI.

Jnst paboThl ¢ COOCTBEHHBIMM THIIAMHU JITaHHBIX TPEOYIOTCSA CHelUalbHbIE
¢yHkuu. EcTecTBEHHO CrpynnupoBaTh UX C ONMMCAHUEM ATHX TUIIOB JaHHBIX B
OJIHOM MECTE MpPOrpaMMbl, a TaKXe I10 BO3MOXXHOCTU OTIEIUTh OT €€
OoCTaJIbHBIX YacTel. [Ipu 3TOM A UCTIONB30BaHUS TUX THUIIOB U (PYHKUIUN HE
TpeOyeTcsl MOJ-HOro 3HaHUSl TOTO, KaK UMEHHO OHH HAMMCAHbl — HEOOXOAUMBI
TOJILKO OmHcaHusg uHTepdeiicoB. OObeaUHEHNE B MOAYJIM OINUCAHUI THUIIOB
JaHHBIX U (PYHKUMHA, TpeIHA3HAYCHHBIX JUIsI pabOThl C HUMH, CO CKPBITUEM OT
[I0JIB30BATENSI MOJYJS HECYIIECTBEHHBIX JI€TaJell sBIAECTCS JAJIbHEUIINM
Pa3BUTHEM CTPYKTYPHU3aLUU TPOTPAMMBI.

Bce Tpu omucaHHBIX BbIIIE METOJA MOBBIIIEHUS A0CTPAKIUU MPECIETyIOT
1eJIb YIPOCTUTh CTPYKTYPY HNPOrpaMMbl, TO €CTh IPEICTABUTH €€ B BUJI€ MEHb-
[Iero KoJu4decTBa 0ojiee KPYHHBIX OJOKOB M MUHUMHU3HPOBATH CBA3U MEXKAY
HUMU. DTO MO3BOJIAET YIPABIATH OOJIBIIMM 00beMOM MH(GOpPMALIMK U, CIIeI0Ba-
TEIbHO, YCIEIIHO OTJIAXKUBATH 00JIE€ CI0KHBIE IPOrPAMMBI.
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BBeneHnne moHsATHA Kiacca SIBISIETCS €CTECTBEHHBIM Pa3BUTHUEM HUAEH MO-
TyJIBHOCTH. B Kiacce CTpyKTyphl TaHHBIX M (YHKIIMHA UX 00pabOTKH 0OBeaHS-
1oTcs. Kiace ucnonb3yeTcst TOJIBKO yepe3 ero uurepdenc — aetanu peainsainuu
JUTS TIOJIb30BATENIS KJIacCa HE CYIIECTBEHHBI.

Nness kiaccoB oTpakaeT CTpoeHHE OOBEKTOB PEATbHOTO MHpPAa — BEIb
KOKIBIM MpeaMeT WIM Ipollecc o0yazaeT HaOOpOM XapaKTepUCTUK WITU
OTJINYUTENIBHBIX YEPT, WHBIMU CJIOBAMH, CBONCTBAMU U IIOBEJICHHUEM.
[IporpaMmbl B OCHOBHOM MpEIHA3HAYEHBI ISl MOJEIHUPOBAHUS MPEIAMETOB,
MPOIIECCOB W SIBIICHUW peajhb-HOTO MHpA, MOITOMY YAOOHO WUMETh B SI3BIKE
MIPOrPaMMUPOBAHUS aJICKBaTHBI MHCTPYMEHT JIJISl TPEACTABIICHUS MOJICIICH.

Kiacc sBnsiercss TMIOM JaHHBIX, ONpENEIEMbIM MOJb30BaTeneM. B kmacce
3aJJal0TCSl CBOMCTBA W TOBEIEHUE KaKOTro-JIMOO IMpenMera WM Ipolecca B BHUJE
noJiel JaHHBIX (aHAJIOTMYHO CTPYKType) U GyHKUUU it padoTel ¢ Humu. Co3paa-
BaeMbIil THI JAHHBIX O0JIaJaeT NMPAKTHYECKA TEMHU K€ CBOWCTBAMH, YTO W CTaH-
JApTHBIEC TUIIBI (HATIOMHIO, YTO THUII 33J]a€T BHYTPEHHEE MPEACTaBIeHUE TaHHBIX

NaMsITH KOMIIBIOTEpPa, MHOXKECTBO 3HAYECHHUH, KOTOPOE MOIYT MPUHUMATh
BEJIU-YMHBI ATOTO THIA, a TAKXKE orneparuu U GyHKIHUU, TPUMEHSIEMbIE K 3TUM
BEJIUYU-HAM).

CylleCTBEHHBIM CBOWMCTBOM KJjlacca SBJSICTCS TO, 4YTO JETAIM €ro
peanu3anuu CKphITHI OT MOJIb30BaTeNel kiacca 3a uurepgericom. Murepdeiicom
KJIacca SIBJISI-FOTCSI 3arOJIOBKM €ro OTKPBITHIX METOJIOB. Takum 0o0pa3om, Kiiacc
KaK MOJIeJib 00BbEKTa PeajlbHOTO MHPA SIBJISIETCS YEPHBIM SIITUKOM, 3aMKHYTHIM
M0 OTHOIIIE-HUIO K BHEIITHEMY MUPY .

Nnest xmaccoB sBISIETCS OCHOBOM 00bEKTHO-OPUEHTUPOBAHHOIO MPOrPAMMHU-
poBanust (OOIT). OcuoBubie npuHIUIibl OOII ObLTH pa3paboTaHBbI €1le B A3bIKaX
Simula-67 u Smalltalk, HO B TO BpeMs HE MOJYyYHIIH HTUPOKOTO MPUMEHEHHS U3-
3a TPYJIHOCTEH OCBOEHHUSA U HU3KOHN 3PdekTuBHOCTH peanu3anuu. B C++ stu
KOH-IIENIUU peain30BaHbl 3(P(HEKTUBHO U HENPOTUBOPEUMBO, UYTO M SIBUJIOCH
OCHOBOM YCHEINIHOTO PacHpOCTPAHEHUsI ATOTO sI3bIKa M BHEIPEHUS] TOJ00HBIX
CPEACTB B IPYTU€ SI3bIKK MPOrpaMMUPOBAHHUSL.

Nnen OOIIl He ouyeHb MPOCTHI [Jis MPAKTUYECKOTO MCMIOJIb30BAaHUS (HMX
Herpa-MOTHO€ MPUMEHEHUE MPUHOCUT ropa3o OOJbIle Bpena, YeM IMOJb3bl), a
OCBOE-HUE CYIIECTBYIOIIUX CTaHAAPTHBIX OMOIMOTEK TpeObyeT BpPEMEHH U
BBICOKOT'O YPOBHSI IEPBOHAYAIBHOM MOJITOTOBKH.

KoHkpeTHbIE TepeMEeHHBIE TUTIA TAHHBIX «KJIACC» HA3BIBAIOTCS DK3EMILIS-PAMU
Kjacca, wim o0bekraMu. OOBEKTHl B3aMMOICHCTBYIOT MEXIy COO0OH, MOCKI-JIast U
nosydast cooOmieHusi. CooOuieHue — 3TO 3alMpoc Ha BBINOJIHEHHE JEHCTBUA,
coJiep Kammuii Habop HEOOXOIMMBIX IMapaMeTpoB. MexaHu3M COOOIICHUI peau-
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3yeTCsl C IOMOIIBIO BEI30BAa COOTBETCTBYIOMUX (yHKIHI. Takum oOpazom, ¢ mo-
Momibto OOII nerko peanusyercs: Tak Ha3blBaeMas «COOBITHITHO-yIIpaBisieMast
MO/JIENb», KOTJa IaHHbIE aKTUBHBI U YIIPABIISIFOT BBI30BOM TOT'O MJIM MHOTO (par-
MEHTa IPOrpaMMHOr0 KOAA.

[Tpumepom peanuzanuu COOBITUITHO-YIPABIIEMON MOJCIN MOXET CIYKHUTh
mo0as mporpamma, ynpasiseMas ¢ oMouibo MeHto. [locne 3anmycka Takas npo-
rpaMMa @IaCCUBHO OKHJAET JEHCTBUI MONb30BaTeNs M JIOJDKHA YMETh
MPaBUJIBHO OTpearupoBaTh Ha J1r000e M3 HUX. COObITUIHAA MOJEINb SBISIETCS
MIPOTHUBOIIO-JIOXHOCTBHIO TPAJIULHUOHHON (IMPEKTUBHOM), KOTJIa KOJ yNpPaBIIAET
JaHHBIMU: IpOrpaMMa IIOCJIE€ CTapTa MpeAsiaracT I0Jb30BATEN0 BBITOJIHUTh
HEKOTOpbIE JEHCTBUs (BBECTH JlaHHBIE, BBIOpATh PEKUM) B COOTBETCTBUU C
KECTKO 3aJJaH-HbIM aJITOPUTMOM.

Knacc — 310 onucanue onpezenseMoro tumna. JIroboi THI TaHHBIX IPEICTaB-
nseT coOOM MHOXKECTBO 3HAUEHWI M HAOOp NEWCTBHIl, KOTOpBIE pa3peniaeTcs
BBI-TIOJIHATH C O3TUMU 3HadYeHWsMu. Hampumep, camu mo cebe uucia He
IPENCTaB-JISII0T MHTEPECa — HY)XHO HMMETh BO3MOXHOCTb MMM OIEPUPOBATH:
CKJIa[bIBaTh, BBIYMTATh, BBIYHUCIATH KBAApPAaTHBIA KOpeHb U T. A. B CH++
MHOXECTBO 3HAUYEHHW HOBOIO THIIA OIpPEAEISIeTCS 3aJaBacMoOil B Kilacce
CTPYKTYpPOU NaHHBIX, a JAEH-CTBUS C OOBEKTaMHU HOBOTO THIA PEAU3YIOTCS B
BUJe PYHKIMN U TIeperpyKeH-HbIX oneparuii C++.

JlaHHBIE KJIacca Ha3bIBAIOTCS MOJISIMU (110 aHAJIOTHU C TIOJISIMU CTPYKTYPBI), a
¢yHkuu kmacca — merogamu. Iloyns W MeTOAbl Ha3bIBAIOTCA 3JIEMEHTAMU
kiacca. OnucaHue Kiacca B IEpBOM MPUOIMIKEHUHN BBITJISIIUT Tak:

class <uma> |
[ private: ]
<OnMCaHMe CKPBITEIX BJIEMEHTOB>
public:
<OmmMcaHmMe OOCTYIIHEIX B3JIEMEHTOB>
};// OmnmcaHuMe BaKaHUYMBAETCH TOUKOM C SBaldTol

3.2 Cneuuduxkaropsl public, private, protected

Crnenudukatopsl 10CTyNa private U public YOPABISIOT BUTUMOCTBIO dJe-
MEHTOB KJIacca. DJIEMEHTHI, OMMCAHHBIC MOCIE CIIYKEOHOTO CIIOBA private, BU-
JTUMBI TOJIBKO BHYTPH Kjacca. DTOT BUJ JOCTyNa MPUHSAT B KJacce Mo ymoJrya-
Huro. MHTEpdelic Kmacca ommchIBaeTCs Mocie crenudukaropa public. Jlei-
CTBHE JTIO00TO creruduKaTopa pacpoCTpaHsIeTCs 0 CICIYIONIETo crenuduka-
TOpa WIA JI0 KOHIIAa Kjacca. MOXHO 3aJaBaTh HECKOJBKO CEKIHMH private U
public, MOPSAIOK UX CIEAOBAHUSA 3HAYEHUS HE UMEET.

[Toss ximacca:
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MOTYT OBbITh IPOCTHIMU MEPEMEHHBIMU JIIOOOTO THIA, YKa3aTEeIsIMU, Mac-
CUBaMU U CChUIKaMU (T.€. MOTYT UMETh MPAKTHUYECKH JIFOOOW THUII, KpOME THIIA
ATOTO K€ KJIacca, HO MOTYT OBITh YKa3aTEeIsIMU WM CCbUIKAMHU Ha 3TOT KJIAcC);

MOTYT OBITh KOHCTAaHTaMHU (OIKMCAaHBI C MOJIU(DHUKATOPOM const), MPHU
TOM OHM MHHUIMAIU3UPYIOTCS TOJBKO OJHMH pa3 (C MOMOIIBI0 KOHCTPYKTOPA) U
HE MO-TYT H3MCHATHCS,;

MOTYT OBITh ONUCAHBI C MOTU(PUKATOPOM static, HO HE KaK auto, extern

register.

MHnnmanu3anys nojiei Ipy ONMMCcaHuy He JT0ITyCKaeTCs.
3.3 T ao0ajbHBIE M JIOKAJIbHBIE KJIACCHI

Kinaccbl MoryT ObITh ri00anbHbIMU (OOBSBICHHBIMU BHE JIFOOOTO OJIOKA) U
JIOKaIbHBIMH (OOBSBICHHBIMU BHYTPHU OJI0Ka, HAIpUMED, BHYTPU (PYHKIIUU WA
BHYTpPH JIpyroro kjacca). OObIYHO KJIACCHI ONPEACIIAIOTCS TJI00ATBHO.

JlokanbHbIE KJIACCHl UMEIOT HEKOTOPbIE OCOOEHHOCTH:

JIOKAJIBHBINA KJIACC HE MOXKET UMETh CTATHUECKUX DJIEMEHTOB;

BHYTPH JIOKAJIBHOTO KJIaCCa MOYKHO HCIIOJIb30BAaTh M3 OXBATHIBAIOIICH €ro
o0JIacTU THMBI, CTAaTHUYECKUE (static) M BHEIIHUE (extern) MEPEMEHHEIE,
BHEII-HUE QYHKIUU U DJIIEMEHTBI IEPEUUCIICHUN;

3aMpeniaeTcss UCIOIb30BaTh aBTOMATUYECKUE TIEpEMEHHBIC U3 OXBAThIBA-
IOLLEHN Ki1acc 00J1acTH;

METO/IbI JIOKATBHBIX KJIACCOB MOTYT OBITh TOJILKO BCTPOCHHBIMU (inline);

€CJIM OJIMH KJIACC BJIOKEH B JPYrod KJIacc, OHU HE MMEIOT KaKUX-JIHOO
0c0-OBbIX MpaB J0CTyHa K dJIEMEHTaM JAPYT Jpyra U MOTYT oOpamarbcsi K HUM
TOJIBKO T10 OOIIUM MpaBUIIaM.

3.4 Ilpumepnl KjIaccoB

Ka4eCTBE MPUMEPA CO3MATUM KJIACC, MOJACIUPYIOIIUN EPCOHAXK KOMITBIO-
TepHOU urpsl. st aToro Tpedyercs 3aaarh €ro CBOMCTBA (Hampumep, Kojaude-
CTBO UIyMaJiell, CHJIy WU HAJIMYue TrpaHaToOMeTa) W moBejeHue. EcrecTBeHHO,
npumep OyJeT CXeMaTH4eH, MOCKOIbKY MPUBOJAUTCS JIUIIb ISl JEMOHCTpAIUN
CHUHTAaKCHCA.

class monster {
int health, ammo;

public:
monster (int he = 100, int am = 10) { health = he; ammo = am;}
void draw(int x, int y, int scale, int position); int
get _health () {return health;}
int get ammo () {return ammo; }

}i
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3TOM KJIAacCe JIBa CKPBITBIX MO — health M ammo, MOJyYHUTb 3HAYEHUS
KOTOPBIX M3BHE MOXHO C IIOMOIIBIO METOJOB get health() M get ammo (). Ho-
CTYIl K IOJISIM C IOMOIIBI0O METOAOB B JJAHHOM CIIy4ae Ka)eTcs MUCKYCCTBEHHBIM
YCII0)KHEHHUEM, HO HAJl0 YYUTBIBATh, YTO IMOJIIMU PEAJIbHBIX KJIACCOB MOTYT OBITh
CJIOKHBIE IMHAMUYECKHE CTPYKTYPbI, U MOJyYEHUE 3HAYCHUN UX 2JIEMEHTOB HE TaK
TpuBHaJIbHO. KpoMe TOro, oueHb Ba)XKHOMU SIBJIETCS BO3MOXHOCTh BHOCUTb B 3TH
CTPYKTYpbl U3BMEHEHUS, HE 3aTparuBas nHTepdeiic kimacca.

Mertozp! Ki1acca UMEIOT HEOTPAaHUYEHHBIN HENIOCPEICTBEHHBIN TOCTYN K €TI0
noyisiM. BHyTpru MeTtona MOKHO OOBSBIIATh OOBEKTHI, YKA3aTEIH U CCBUIKU KaK
CBOETO0, TAK U APYTUX KIACCOB.

IIPUBEICHHOM KJIACCE COACPKUTCS TPU OIPEHECIECHUS METONOB M OIHO
00b-sBIICHHE (METOJ draw). Eciu Temo MeToaa onpeaesieHo BHYTpH Kiacca, OH
ABII-€TCS BCTPOCHHBIM (inline). Kak mnpaBuiao, BCTPOEHHBIMHU JI€NAIOT
KOpOTKHE Me-Tonbl. Ecim BHYTpM Kiacca 3alMcaHO TOJIbKO OOBSIBICHUE
(3arosz0BOK) MeTOoJa, caM METOJl JOJUKEH ObITh OIpEaesieH B JIPYrOM MecCTe
IpOrpaMMBbl ¢ TOMOUIBIO OIlEpaIK JOCTyNa K 00J1aCTH BUAUMOCTH:

void monster::draw(int x, int y, int scale, int position)
{ /* meyo meToma */}

BcTrpoeHHbIE METOIBI MOXKHO OTIPEIETUTh U BHE KJIacca ¢ MOMOIIIBIO TUPEK-
TUBBI inline (Kak W JUisi OOBIYHBIX (PYHKIMIM, OHA HOCUT PEKOMEHIATEIbHBIM
Xa-paxkTep):

inline int monster::get ammo ()
{ return ammo; }

MeTonbl MOKHO Meperpyxath (3T0O OAHO U3 MPOSBICHUN noauMopdusmMa), a
TaK)K€ OOBABIATH JIMOO KOHCTAHTHBIMHM, JINOO CTAaTUYECKUMHU (HO HE OIAHOBpE-
MEHHO).

Ka)X/IOM KJIacCe €CTh METOM, UMsI KOTOPOro COBIAAAET C UMEHEM KJjlacca.
OH Ha3bIBaeTCSl KOHCTPYKTOPOM W BBI3BIBAETCS aBTOMATHUYECKU TPHU CO3TAHHUU
oObekTa kimacca. KOHCTpYKTOp MpenHa3HaueH s MHULHAAIN3AIUN OOBEKTa.
AB-TOMaTUYECKUN BBI30B KOHCTPYKTOpa IMO3BOJSET HU30€kaTh OIIMOOK,
CBS3aHHBIX C HCIOJB30BAaHMEM HEHWHULUAIU3UPOBAHHBIX IEPEMEHHbIX.
[TonpoOHee KOHCTPYK-TOPHI ONMUCHIBAIOTCS Aajiee B pasneie « KoHCTpyKTopbD».

Tunsl JaHHBIX struct U union SBIAIOTCS ClEHUATbHBIMU BUAAMHU KJlacca.

KoHnkpeTHbIE TIepeMeHHbIC TUTIA TAHHBIX «KJIACCY HA3bIBAIOTCS AK3EMILIS-
pamu Kiacca, uim o0beKTaMu. Bpemst )Ku3HH U BUAMMOCTH OOBEKTOB 3aBUCUT
OT BHJa ¥ MECTa OMUCAHUS U MOAYUHACTCS o0IiM npaBuiam C++:

monster Vasia; // O6BekT Kjacca monster c napameTrpaMu 10
YMOJIYaHUIO
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monster Super (200, 300);// O6bekT C ABHOM MHMLUMATIMIALMEN

monster stado[100]; // MaccuB OOBEKTOB C HapaMeTpaMu [0 yMoJiluaHuwo /*
IuHaMuueckuii OBBEeKT (BTOPOM MNapaMeTp 3amaeTcsa 10 yMOJiUaHuio) */
monster *beavis = new monster (10);

monster &butthead = Vasia;// Ccouiika Ha OOBEKT

[Ipy co3gaHuM Kakqoro oOBEKTa BBIIEISETCS MaMsTh, JTOCTATOYHAS MJIs
Xpa-HEHUS BCEX €ro IMoJied, W aBTOMATHYECKH BBI3BIBAECTCS KOHCTPYKTOP,
BBITIOJIHAIO-IIUNA WX MHUIMAIU3AIMI0. MeTobl Kiacca He Tupaxupytorcs. [Ipu
BBIXOJIE 00b-€KTa U3 00JIaCTU JACUCTBUS OH YHHMUYTOXKAETCS, MPH STOM
ABTOMATUYECKHU BbI3bI-BAETCS JECTPYKTOP (IECTPYKTOPHI OITUCAHBI Jlajiee).

JlocTyn K OTKPBITHIM (public) 3leMeHTaM O0bEKTa aHAJIOTUYEH OCTYNy K
MOJIAIM CTPYKTYpHI. JIJIst 3TOT0 MCHOJB3YIOTCS onepalus . (Touka) mpu oopaiie-
HUHU K DJIEMEHTY uepe3 uMs 00beKTa U onepaius —> Ipu oOpallleHUH Yepe3 yKa-
3aTelb:

ODBEKT . IOJIE
yKaszsaTejgbs —> II0JIe
(*ykazarTesb) .I1oJe

oOBEeKT.MeTOon ( napaMeTpHl )
ykKasaTrejb —-> MeTon( napaMeTpHl )
(*yxazaTesb) .MeTOn ( IapaMeTpHl )

O6pameHHe K OTKPBITOMY ITIOJIO M BBI3OB MCTOJa IJII MaCCHUBA OOBEKTOB:

uMA_Maccuba [ MHOEKC ] .mnoJe

uMA_Maccuea|[ MHOEKC ].mMeToxn( mapaMeTpH )
Hanpuwmep:

int n = Vasia.get ammo () ;

stado[5] .draw;

cout << beavis->get health();

[Tomy4uuTh MM U3MEHUTH 3HAUYEHUS private JIEMEHTOB MOXKHO TOJIBKO 4Ye-
pe3 oOpaleHrne K COOTBETCTBYIOIIMM MeToJiaM. MOXHO €03/1aTh KOHCTAHTHBIN
00BEKT, 3HAUYECHMSI MOJIEH KOTOPOTO M3MEHSATH 3ampeniaercs. K HeMy HOKHBI
[IPUMEHATHCS TOJIBKO KOHCTAHTHBIE METO/IBI:

class monster {

int get health() const { return health; }
}s
const monster Dead (0,0); // KOHCTaAHTHEIM
obwekT cout << Dead.get health();

KoHcTauTHEIN METO:
0OBSIBISCTCS C KIIOUEBBIM CIIOBOM const TOCIIE CIIMCKA ITApaMETPOB;
HE MOXKET M3MEHITH 3HAaUYCHUS IT0JICH KJIacca;
MOKET BBI3BIBATh TOJIbKO KOHCTAHTHBIE METO/IbI;
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MOXKCET BBI3bIBATHCA AJISA JIFOOBIX (HC TOJIBKO KOHCT&HTHBIX) 00BEKTOB.

PexoMmenayeTcs onuchbiBaTh KAK KOHCTAHTHBIE T€ METOJIbI, KOTOPBIE MpPEaHA-
3HAYECHBI JJIS MOJYYEHUS 3HAUEHUW MOJIEH.

3.5 Inline pynkuoumn

Berpoennas gpyHkuusa — 370 QyHKUUMSA, KOJ KOTOPOM HpsSMO BCTaBISETCS B
TOM MECTE, IJIe OHa BbI3BaHa. Kak u Makpochl, Onpe/esieHHbIe Yepe3 #define,
BCTPOEHHBIE (PYHKIINHU YIy4ILIAIOT IPOU3BOIUTEIBHOCTD 32 CUET CTOUMOCTH BBI-
30Ba M (0COOEHHO!) 3a cyeT BO3MOKHOCTH JOTOJHUTEIBHON ONTUMHU3ALUU
(«mporietypHast UHTETpaIus» ).

00bryHOM C BBl MOXKET€ TOJIYYUTh «UHKAICYJIMPOBAHHBIE CTPYKTYPBI»,
Mmo-MeIiasi B HUX yKa3aTelb Ha void, U 3aCTaBIIsAA €T0 YKa3bIBaTh HA HACTOSIIINE
JaH-Hble, TUN KOTOPBIX HEW3BECTEH TOJb30BATENIAM CTPYKTYpbl. Takum
o0Opa3oM, TOJF30BATEIM HE 3HAIOT, KaK HHTEPIPETUPOBATh ITH JaHHBIC, a
(GYHKIIMHM [0-CTyma MpeoOpa3yloT yKaszaTelb Ha void K HYKHOMY CKPBITOMY
tuny. Tak JOCTU-raeTcsi HEKOTOPbIN YPOBEHb MHKAIICYJISILIHH.

K coxanenuto, 3TOT METOA HIET Bpa3pe3 ¢ OE30MacCHOCTHIO THUIIOB, a TAKKe
TpeOyeT BbI30Ba (YHKIMH Ui AOCTYNa K JIOOBIM IOJSIM CTPYKTYpPBI (€CIH BBI
MO3BOJIMUTM OBI MPSIMOM JOCTYII, TO €r0 MOT OBl MOJYYHUTh KTO YTOJHO, IIOCKOJBKY
OyzeT W3BECTHO, KaK MHTEPIIPETHPOBATh JaHHbIC, HA KOTOPHIE YKa3bIBaeT void*.
Takoe moBeneHHE CO CTOPOHBI TOJB30BATENs MPUBENET K CIOXKHOCTSAM IPH TO-
CIICTYFOIIIEM U3MCHEHHUH CTPYKTYPBI IMOJUICKANIUX JTAHHBIX ).

CrouMoOCTh BbI30Ba (PYHKIIMM HEBEJIMKA, HO J1a€T HEKOTOPYIO IMPHUOABKY.
Knaccel C++ no3BosisitoT BcTpauBaHue (PyHKLIMH, YTO JaeT BaM O€30MacCHOCTb
MH-KaICYJSUM BMECTE CO CKOPOCThbIO MpsIMOro jaocTymna. bosee Toro, TUIbI
napa-MeTpbl BCTPauMBacMbIX (PYHKUHUHA TMPOBEPSIOTCS KOMIMISITOPOM, YTO
ABJIIETCS IPEUMYIIIECTBOM 10 CPABHEHHUIO C #de fine MAaKPOCAMH.

OTIIMYME OT #define MaKpPOCOB, BCTPOEHHBIE (inline) QYHKIMU HE MOJ-
BEPKEHBI H3BECTHBIM OIMOKAM TBOMHOTO BHIYHCIIEHUS, TTOCKOIBKY KaXIbIi ap-
IYMEHT BCTPOCHHOM (PYHKIIMM BBIYHUCISETCS TOJIBKO OJUH pa3. Jpyrumu cio-
BaMH, BBI30B BCTPOCHHON (PYHKIIMU — 3TO TO K€ CAMOE YTO M BBI30B OOBIYHOM
(GyHKUHHU, TOJIBKO ObICTpEE.

Taxxe, B OTJIMYME OT MAaKPOCOB, TUIIBI APIYMEHTOB BCTPOCHHBIX (DYHKIUH
MIPOBEPSIIOTCS, U BBITIOJIHAIOTCS BCE HEOOXOIUMBIE MTPE0Opa30BaHUs.

3.6  ¥Yka3zareab this

Kaxxaplii 00BEKT COAEPIKUT CBOM AK3EMILIAP IOJIeH Kiacca. MeTopl MecTa B
KJIacCce He 3aHUMAIOT U HE TyOIMPYIOTCS ISl KaK10ro 00bekTa. EMMHCTBEHHBIN
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AK3EMIUISIP METO/Ia UCIIOJIB3YETCSI BCEMH OOBEKTaMU COBMECTHO, TIOITOMY KaK-
Il HECTATUYECKUI METOJ Kjacca JOJDKEH «3HaThy», NIl KaKOro OOBbEKTa OH
BbI-3BaH. J[J1s1 3TOTO, IPU BBI30BE KaKJA0T0 HECTATUYECKOTO METO/Ia KJlacca, EMy
He-sSBHO TIEpeIaeTCs yKa3aTelb Ha 00ObEKT, BBI3BABIIMMA €70 T * const this.

Bripaxenue *this mpeacTaBisieT cOOOM pa3bIMEHOBAHUE YKa3aTes U UMEET
TUI onpenenseMoro kiacca. OOBIYHO 3TO BhIpaKEHHE BO3BPAILAETCS B KA4eCTBE
pe3yabTara, eCJId METOJI BO3BPAIaeT CChUIKY Ha CBOM Kiace (return *this;).

JInst “iuTroCTpali UCTOIb30BaHUs yKaszarens this A00aBUM B IpPHUBEICH-
HBIH BBIIIE KJIACC monster HOBBIM METOJI, BO3BPAIIAIOIINA CChIIKY Ha HanOoJee
310poBOro (ToJie health) U3 ABYX MOHCTPOB, OJIUH U3 KOTOPBIX BBI3BIBAECT MeE-
TOJI, @ APYTrOi MepeIaeTcsi eMy B KaUECTBE MapaMeTpa (METOI HyKHO TOMECTUTD
B CEKIIHIO public OMMCaHMS Kilacca):

monster & the best (monster &M)
{
if( health > M.get health())
return *this;
return M;

}

monster Vasia (50), Super(200);
HoBelr 0OBeKT Best mHMUMaAIM3MPyeTCHa 3HAUEHMAMM [OJIe) Super
monster Best = Vasia.the best (Super) ;
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KOHCTPYKTOPbI KITACCOB

4.1 KoHCTPYKTOpPBI H X CBOiicTBA

KoHcTpykTop npeaHazHaueH JUisi MHULMAIU3alUU O0BEKTa U BBI3BIBACTCS
aB-TOMAaTUYECKHU TMpHU ero co3ianuu. Huxke mepeyucieHsl OCHOBHBIE CBOMCTBA
KOH-CTPYKTOPOB.

KoHcTpykTOop HE BO3BpalaeT 3HaueHus, JaKe Tuma void. Hempss momy-
YUTh yYKa3aTejab Ha KOHCTPYKTOP.

Kiacc MOXeT UMETh HECKOJIBKO KOHCTPYKTOPOB C Pa3HBIMU MapaMeTpaMu
JUTSL pa3HbIX BUJIOB MHUIIMATU3AMUU (IIPU 3TOM HCTIOIB3YETCS MEXaHU3M Iepe-
IPY3KH).

KoHCTpyKTOp, KOTOPBIIl MOKHO BBI3BAaTh O€3 IMapaMeTpOB, Ha3bIBAETCS
KOHCTPYKTOPOM IO YMOITYAHUIO.

[TapameTpbl KOHCTPYKTOpa MOTYT MMETh JIFOOOW THII, KPOME 3TOrO XK€
KJ1acca. MoKHO 3a71aBaTh 3HAUEHUS MAPAMETPOB MO yMOJIYaHui0. MIX MOXeT co-
JIEPKaTh TOJIBKO OJUH U3 KOHCTPYKTOPOB.

Ecau mporpaMMHCT HE yKa3ala HU OJTHOTO KOHCTPYKTOpPa, KOMIUJISTOP CO-
3/1a€T €ro aBTOMAaTUYECKH (KpOMe Cirydasi, KOrja KJIacc COAEPKUT KOHCTAHThI U
CCBUIKH, MOCKOJBKY MX HEOOXOIMMO MHUIIMAIM3UPOBATH). Takoil KOHCTPYKTOP
BBI3BIBAET KOHCTPYKTOPHI MO YMOJYAHHIO JJIA TMOJIEN Kjiacca U KOHCTPYKTOPBI
0a-30BBIX KJIACCOB.

KOHCTpYKTOpBI HE HACIIETYIOTCS.

KoHCTpyKTOp HE MOXKET OBITHh KOHCTAHTHBIM, CTATUYECKUM U BUPTYaJlb-
HBIM (HEJIb3s UCIIOJIb30BaTh MOAU(DHUKATOPHI const, virtual U static).

KoHcTpyKTOpHI r100abHBIX 00BEKTOB BBI3BIBAIOTCS J10 BhI30Ba (YHKIIUU
main. JlokambHbIE OOBEKTHI CO3/IAIOTCS, KaK TOJBKO CTAHOBUTCS aKTUBHOM 00-
JacTh UX JercTBUsA. KOHCTpYKTOp 3amyckaercsi U Ipu CO3JaHUH BPEMEHHOIO
oObeKTa (Harpumep, pu nepenade o0bekTa u3 GyHKIUN).

[lpu oObsBNCHNN OOBEKTOB BBHI3BIBACTCS OJIWUH W3 KOHCTPYKTOpOB. [Ipm oOT-
CYTCTBHH HHUITHAIM3UPYIOMIETO BBHIPAKCHUS B OOBSIBICHHUH O0BEKTa BBI3BIBACTCS
KOHCTPYKTOp IO yMOJYaHHUIO, MPU WHUIHAIU3ALUN JPYTUM OOBEKTOM TOTO JKE
THUTIA — KOHCTPYKTOP KOMIMPOBAHUS (CM. Jlanee), Mpyu WHUINATA3AIWH TTOJIeH — OJTUH
U3 SIBHO OIPENENIEHHBIX KOHCTPYKTOPOB WHUIMAIHM3AIUU (T.€. KOHCTPYKTO-POB,
KOTOPBIM TepeIaroTcs MapaMeTphl I HHAITMAIN3AIUH MTOJIeH 00BEKTa).

4.2 KOHCTPYKTOpPBI MO YMOJTYAHHIO

KOHCTpYKTOpBI 4acTO BBI3BIBAIOTCS HESIBHO JIJISl CO3J]aHUSI BPEMEHHBIX
00BeK-TOB. OOBIYHO ATO NPOUCXOAMT B CIEAYIOLINX CIIydasIX:
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MIPU HHULHAIU3ALUY;

IIPU BBIIIOJIHEHUU ONIEPAllMU [IPUCBAUBAHMS;

JUISL 3aJaHUS] 3HAYEHU TapaMeTPOB MO YMOJIYAHUIO;

IIPU CO3JaHUH U HHUIMATIU3AIMU MaCCHUBA;

MIPU CO3/IaHUM TUHAMUYECKUX O0BEKTOB;

MIpH Mepeade napaMeTpoB B PYHKIUIO U BO3BpATEe Pe3yJIbTaTOB IO 3HAUE-
HUIO.

[Ipumepsl KOHCTPYKTOPOB:

monster Super (200, 300), Vasia(50);
monster X = monster (1000);

MOCJIETHEM OINEpaTope CO34aeTcsi OOBEKT X, KOTOPOMY IPUCBAUBAETCS
OE3bIMSHHBIN OOBEKT CO 3HAYEHHWEM MapaMmeTpa health = 1000 (3HAYCHUS
OCTAJIBHBIX IIApaMCTPOB YCTAHABJIMBAIOTCA 110 YMOJI‘IaHI/II-O).

[Ipu co3nannu TMHAMUYECKOTO MacCHBa BBI3BIBAETCS KOHCTPYKTOp 0e3
apry-MeHTOB.

KayeCTBE NpPHUMEpaA KJlacca C HECKOJbKHMMH KOHCTPYKTOpPaMH YCOBEPIICH-
CTBYEM OIMCAHHBIN paHEC KilaCC monster, I[O6aBI/IB B HCTO I10JIA, 3a4ar0ue OBCT
(skin) u uMs (name):

enum color {red, green, blue}; // BO3MOXHEIE BHAYeHMA LBEeTa
class monster
{
int health, ammo;
color skin;
char *name;
public:
monster (int he = 100, int am = 10);
monster (color sk);
monster (char * nam);

b

e EE
monster: :monster (int he, int am)

{ health = he; ammo = am; skin = red; name =
O

monster: :monster (color sk)

{
switch (sk)

{

case red: health = 100; ammo = 10; skin = red; name = 0; break;
case green: health = 100;ammo = 20;skin = green;name = 0;break;
case blue: health = 100; ammo = 40; skin = blue;name = 0;break;

monster: :monster (char * nam)

{
/* K mnuHe CcTpokyM mofaBigeTcd 1 oJid XPaHeHMS HYJIb-CUMBOJIA
*/ name = new char [strlen(nam) + 1];
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strcpy (name, nam);
health = 100; ammo = 10; skin = red;

monster * m = new monster ("Ork"):;

monster Green (green);

[lepBblii U3 TPUBEICHHBIX BbIIIE KOHCTPYKTOPOB SIBJISIETCS KOHCTPYKTOPOM
M0 yMOJYaHHIO, TIOCKOJBKY €ro MOXKHO BbI3BaTh 0Oe3 mapameTrpoB. OOBEKTHI
KJlacca monster TEMEPh MOXKHO MHUIMAIM3UPOBATh PA3IMUYHBIMH CIIOCOOAMH,
TpeOyeMblii KOHCTPYKTOp OyZEeT BbI3BaH B COOTBETCTBHM CO CIUCKOM
vHULOManu-3aund. Ilpu  3agaHMM  HECKOJIBKMX  KOHCTPYKTOPOB — CIEIYET
cOOIIOAATh T€ XKe Mpa-BUJia, YTO U IPU HAMMCAHUU NEPErpyKEHHBIX (PYHKIIMHA —
y KOMIWISTOPA J0DKHA ObITh BO3MOKHOCTh Paclo3HATh HY>KHBIA BapUaHT.

CymecTByeT eme OAWH crnoco0 HWHULMANM3AIUKU TO0JEH B KOHCTPYKTOpPE
(kpoMe yKe OMMCAHHOTO MPUCBAUBAHUSA TOJISIM 3HAYEHUI MapaMeTpoB) — C TI0-
MOIIbIO CIHCKAa MHHUIHAIM3ATOPOB, PACIOJIOKEHHBIM IOCIE ABOETOUYUS MEXIY
3aroJIOBKOM M TEJIOM KOHCTPYKTOpa:

monster: :monster (int he, int am):
health (he), ammo (am), skin (red), name (0) {}

[Tons nmepeuuncnsaroTcs yepes 3amsaTyro. [ kaxaoro mossi B CKOOKax yKasbl-
BAETCSI MHULMAIU3UPYIOIIEe 3HaYEHUE, KOTOPOE MOXKET ObITh BhIpakeHUuEM. be3
3TOro crnocoda He 0OONUTUCH NMPU UHULMAIIU3ALMH MOJIEH-KOHCTAHT, MOJIEH-CChI-
JOK U moJer-o0beKkToB. B mocnennem ciiyyae OyleT BbI3BaH KOHCTPYKTOD,
COOT-BETCTBYIOILIMI yKa3aHHBIM B CKOOKax rmapamMerpam.

4.3 KoHCTPYKTOpP KONHPOBAHUSA

KoHCTpykTOp KONMMpOBaHMA — 3TO CHEUHUANBHBIA BHJ KOHCTPYKTOpPA,
MoJIy4ya-rolIuii B KayecTBE €IWHCTBEHHOI'O IMapaMeTpa yKa3aTeidb Ha OOBEKT
JTOrO K€ KJIacca:

T::T(const T&) { ... /* Tejno koHCTpyKTOpa */ }

3nech T — UMs Kilacca. DTOT KOHCTPYKTOP BBI3BIBAETCA B TEX Cydasx, KOrjaa
HOBBIN OOBEKT CO3/1a€TCsl MyTEM KOMUPOBAHUS CYIIECTBYIOIIETO:
IIPU ONMMCAHUU HOBOTO OOBEKTA C MHUIMAIM3ALUEN APYTUM O0BEKTOM;
MpH nepegaye 00beKTa B (PYHKIUIO MO0 3HAYEHUIO;
pHu BO3BpaTe 00beKTa U3 QyHKIIUU.
Ecnu nporpaMMucCT He yKa3al HU OAHOTO KOHCTPYKTOpPa KOMMPOBAHUS, KOM-
MUJISITOP CO3/1a€T €ro aBTOMATUYECKU. Takoil KOHCTPYKTOP BBINOJHSET MO3JIE-
MEHTHOE KONUPOBaHME Nojei. Eciu Kitacc colepKUT yKa3aTelau WK CChUIKH,
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3TO, CKOpee Bcero, OyAeT HEMPaBUIbHBIM, TTOCKOJIBKY M KOIHS, ¥ OpUTHHAT OY-
IyT YKa3bIBaTh HA OJIHY U Ty € 00JIaCTh MaMSITH.

3anuiieM KOHCTPYKTOP KOMUPOBAaHMS JUIsl Kiacca monster. IIOCKOIBKY B
HEM €eCThb TII0JIe name, COJIep)Kalllee YyKa3zaTelb Ha CTPOKY CHMBOJIOB,
KOHCTPYKTOP KO-TIMPOBAHMS JIOJKEH BBIJEIATh NMaMSATh IMOJ HOBYIO CTPOKY H
KOMUPOBATh B HEE UCXOAHYIO:

monster::monster (const monster &M)
{
if (M.name)

{

name = new char [strlen (M.name) + 1];
strcpy (name, M.name);
}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;

}

monster Vasia (blue);

monster Super = Vasia; // PaboTaeT KOHCTPYKTOP KOIMPOBAaHMSA
monster *m = new monster ("Ork");
monster Green = *m; // PaboraeT KOHCTPYKTOP KOMUPOBAaHMUS

4.4 CraruyecKHe 3JIeMEHThI KJacca

MOMOIIBI0 MOJIU(PUKATOpA static MOKHO OMUCATh CTATUYECKUE MO U
METOJIBI KJ1acca.

441 Cmamuueckue nonsn

Cratuyeckue Mmojsi TPUMEHSIOTCS Il XpaHEHUs TaHHbBIX, OOIINX ISl BCEX
00BEKTOB KJlacca, HaMpuMep, KOJIM4ecTBa 0OHEKTOB MM CChUIKH Ha pasjese-
MBI BCEMHU OOBEKTaMU pecypc. DTH TOJS CYIIECTBYIOT ISl BCeX OOBEKTOB
KJlacca B €IMHCTBEHHOM DK3EMIUISIPE, TO €CTh HE JyOIupyroTCs.

[TaMsTh IOJT CTaTUUECKOE TOJIE BBIJEISIETCS OJWH pa3 MPU €ro WHUIMATIN3a-
IIUY HE3aBUCUMO OT YHMCJIA CO3/IaHHBIX OOBEKTOB (M JTaXKe MPU UX OTCYTCTBUU) U
WHULIAATTU3UPYETCS C TIOMOIIBI0 OTepaIiuy J0CTyna K 00J1acTh JeHCTBUS, a HE
orepaluu BrIOOpa:

class A

{
public:
static int count;

}

A::count = 0;

CraTtudeckue moJs AOCTYIIHBI KaK 49CpC3 UM: KJIACCd, TdK U UCPC3 UM 00b-
CKTa.
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/* ©yneTr BEHBEINEHO OIHO M TO Xxe */
A *a, b; * cout << A::count << a->count << b.count;

Ha cratmdeckue momsi pacmpoCTpaHsSeTcsl NEHCTBHE CIEU(DUKATOPOB J0-
CTyna, HO3TOMY CTaTUYECKHUE TOJIs, OMUCAHHBIE KAK private, HEIb3s] MHULIUAIN-
3UpOBaTh C MOMOIIBIO OINEpaluu JOCTyna K OOJacTH JEUCTBHS, KaK OMUCAHO
BbIile. UM MOKHO MPUCBOUTH 3HAYEHUS TOJIBKO C MOMOIIBI0 CTATUYECKUX METO-
JIOB, KaK OMTMCAHO HUXKE.

[TamsTh, 3aHMMaeMasi CTATUYECKUM TI0JIEM, HE YUUTHIBAETCS MIPU OIpejesie-
HUU pa3Mepa 00beKTa omnepanuen sizeof. CTaTuueckue mojs Helb3s WHUIIKA-
JU3UPOBATH B KOHCTPYKTOPE, TaK KaK OHU CO3JIAI0TCS JI0 CO3AaHUs JIF0O0ro 00b-
eKTa.

Kiaccuueckoe mpyMeHEHHUE CTaTUYECKUX MoJiell — mojicueTr oObekToB. s
ATOTO B KJIACC€ OOBSIBIISIETCS LIETOUYUCICHHOE T0JIe, KOTOPOE YBEIMYUBACTCS B
KOHCTPYKTOPE U YMEHBIIIAETCS B IECTPYKTOPE.

4.4.2 Cmamuueckue memoont

Crartuyeckue METOJIbl MOTYT O0OpamaThCsi HEMOCPEACTBEHHO TOJIBKO K
CTaTU-YECKUM II0JISIM U BBI3bIBATh TOJBKO JAPYTHE CTATUYECKUE METO/bI Kilacca,
MO-CKOJIBKY MM HE TMEepelaeTcsi CKpPBIThIM yKazaTenb this. OOpaileHue K
CTaTU4e-CKUM METOJaM ITPOU3BOAMUTCS TaK K€, KaK K CTaTUYECKUM IIOJISAM —
oo uepe3 uMs Kiacca, 0o, eciiu XoTs Obl OAMH OOBEKT Kilacca yXkKe CO3/aH,
yepe3 uMsi 00beKTa.

Cratuyeckne MEeTObl HE MOTYT OBbITh KOHCTAHTHBIMU (const) U BUPTyailb-
HbIMH (virtual).

4.5 JlpyxecTBeHHbIe GYHKIHMH U KJIACCHI

HNHoraa kenaTteabHO UMETh HEMOCPEACTBEHHBIA JOCTYN WM3BHE K CKPBITHIM
MOJISIM KJIacca, TO €CTh paclmpuTh HHTepdeiic kinacca. s aToro ciyxar apy-
KECTBEHHbIE QYHKIIUU U APYKECTBEHHBIC KIACCHI.

4.5.1 JIpysycecmeennan pynkuusn

HpyxecTBeHHast QyHKIUS OOBSABISETCS BHYTPU KJlacca, K 3JIEMEHTaM KOTO-
pOro €M Hy>KeH JOCTYII, C KIIYEBbIM CIOBOM friend. B kauecTse mapamerpa
eil ToJDKeH mepeaaBaThesi OOBbEKT WM CChUIKa Ha OOBEKT Kilacca, MOCKOJBKY
yKa3za-Telb this el He nepeaaerca. OnHa QYHKIMS MOXKET «APYKUTb» Cpaszy C
HE-CKOJIBKUMH KJIACCAMH.

HpyxecTBeHHass QyHKIMS MOXKET ObITb OOBIYHOW (PYHKUMEH WM METOAO0M
APyroro paHee onpeaeneHHoro kiacca. Ha Hee He pacnpocTpaHsieTcs: AeficTBHe
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crenu(pUKaTOPOB TOCTyIa, MECTO pa3MelIeHHs ee 00BABICHUS B Ki1acce Oe3pas-
JIMYHO.

Ka4yecTBE MpUMepa HIDKE MPUBEACHO OMUCAHUE IBYX (YHKIUH, ApyXKe-
CTBEHHBIX KJIACCY monster. OyHKIMS kill SBISETCS METOJIOM Kilacca hero, a
GyHKIMA steal ammo HE MPUHAUICKHUT HU OAHOMY Kiaccy. O6euM QyHKIMIM

Ka4yecTBe MapaMeTpa nepeiaeTcs CChUIKa Ha 00BEKT Kilacca monster.

class monster; // TpeneBapuresibHOe OOBABJIEHME KJlacca
class hero

{

void kill (monster &);
b
class monster

{

friend int steal ammo (monster &);
/* Kiacc hero pmosixkeH OHTBH OINpelnejieH paHee
*/ friend void hero::kill (monster &) ;
}i
int steal ammo (monster &M) {return --M.ammo; }
void hero::kill (monster &M) {M.health = 0; M.ammo = 0;}

4.5.2 Jlpyscecmeennan knacc

Ecnu Bce MeToapl Kakoro-imodo Kiacca JOJKHBI UMETh JOCTYIT K CKPBITHIM
HOJISIM JIPYTOT0, BECHh KJIACC OOBSIBIAETCS PY’KECTBEHHBIM C IMOMOIIBIO KIHOYe-
BOTO CJIOBa friend. B mpuBegeHHOM HIKE IPUMEpE KJIacC mistress OOBSBIISA-
€TCsl APY>KECTBEHHBIM KJIacCy hero:

class hero {
friend class mistress;
}i
class mistress{
void f1();
void f1();
}i

OyHKIMK f1 U £2 SABJISIOTCS JIPYKECTBEHHBIMU IO OTHOIICHHIO K KIIACCy
hero (XOTS M OMHCaHBI 0€3 KIFOYEBOIO CIOBA friend) M HUMEIOT JOCTYI KO
BCEM €TO IOJISM.

OObsBICHUE friend HE SBISACTCS CIIEIU(PUKATOPOM JTOCTYIIA M HE HACTICTY-
ercs. OOpaTtuTe BHUMaHUE Ha TO, YTO KJIACC CaM ONpeaesseT, Kakue (QyHKINH 1
KJIACCHI SIBJISIOTCS JIPY’KECTBCHHBIMH, a KaKUE HET.
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46 JlecTpykTopsbl

Jectpyktop — 03TO OCOOBIM BHJ METOJA, NPUMEHSIONIUNUCS IS
OCBOOOXKJICHHSI TMaMSATH, 3aHUMAaeMOM OOBEKTOM. JIECTPYKTOP BBI3bIBACTCS
aBTOMAaTHYECKH, KO-TJIa O0OBEKT BBIXOJIUT U3 00JIaCTH BUIUMOCTH:

JUIS1 TOKAJIBHBIX MIEPEMEHHBIX — MPH BBIXOJI€ U3 OJIOKAa, B KOTOPOM OHH
00Bb-SIBJICHBI;

JUIS TII00ABHBIX — KaK YacTh MPOIEAYPhI BBIX0JIa U3 main;

JJ1s1 0OBEKTOB, 33JJaHHBIX Yepe3 yKa3aTelu, JECTPYKTOpP BHI3BIBACTCS He-
SIBHO TIPH UCTIOJIb30BAHUM OTEpaliuu delete (ABTOMATHYECKUM BBI3OB JCCTPYK-
TOpa IPU BBIXOJIE yKa3aTessl U3 00JacTU JEHCTBUS HE TPOU3BOJIATCS).

[Ipy yHUYTOXKEHMM MacCHBa JCCTPYKTOP BBI3BIBACTCS IS KaxKJIOro
aJIEMEHTa yJajasieMoro maccupa. JJI1 JTUHAMHUYECKHX OOBEKTOB JIECTPYKTOP
BBI3BIBACTCS MPH YHUYTOXKCHUH 00BEKTa orneparnueii delete. [Ipu BeImoHEHUN
omepanuu delete[] JIECTPYKTOpP BBI3bIBACTCS Il KaXXJIOTO DJIEMEHTA
yJanasieMoro Mac-CuBa.

Nmst nectpykTopa HAUMHAETCA C THIIBJBI (~), HEMOCPEACTBEHHO 3a KOTOPOM
cienyetr ums kiacca. Jlectpykrop:

HE UMEET apryMEHTOB M BO3BPAIlla€MOI0 3HAUYCHUS;

HE MOXKET OBITh OOBSABIICH KAaK const WU static;

HE HaclleTyeTcs;

MOKET OBITh BUPTYaJIbHBIM;

MOXET BBI3BIBATHCS SIBHBIM 00pa30M ITyTeM yKa3aHHWS IMOJHOCTBIO yTOY-
HEHHOT'0 UMEHHU; 3TO HEOOXOIUMO 71 00BEKTOB, KOTOPHIM C IMTOMOIIILIO new BbI-
JIEJISIICSA KOHKPETHBIN aJipec.

Ecau nectpykTop ssBHBIM 00pa30M HE OMpeiesieH, KOMITHUISATOP CO3/1aeT €ro
ABTOMAaTHYECKH.

OnuchiBaTh B KJlacce JAECTPYKTOp SIBHBIM oOpa3oM TpeOyeTcs B ciydae,
KOrJja OOBEKT COJIEPKUT yKazaTelIu Ha MaMsiTh, BBIJACISEMYIO TUHAMHUYECKU —
WHaue MpU YHUYTOKEHUH OOBEKTa MaMsTh, HA KOTOPYIO CChUIAIUCH €T0 MOJsi-
yKa3a-Telii, He OyJeT momedeHa Kak CBOOOAHas. YKazarelb Ha JECTPYKTOp
OTIPE/ICIIUTH HENB3SL.

JecTpyKTop AJis pacCMaTpUBAEMOIo MpUMepa JA0JKEH BBITJISIACTh TaK:

monster::~monster () {delete [] name;}
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NEPErPY3KA OMNEPALMA B OOn

5.1 Ileperpy3ka omepanuii

C++ mo3BoJISIET MepeonpeieuTh AeUCcTBUE OONBIIMHCTBA OIEpaluil Tak,
YTOOBI MTPU UCIIOIB30BAHUU C 0OBEKTAMU KOHKPETHOTO KJIacCa OHU BBIMOJIHSIIN
3ajlaHHble (PYHKIIMH. JTa JAaeT BO3MOKHOCTh UCIOJIB30BAaTh COOCTBEHHBIE THIIBI
JaHHBIX TOYHO TaK K€, Kak craHgapTHeie. OO03HaueHHA COOCTBEHHBIX
omepaiii BBOAUTh HENMb3d. MOXKHO TEperpykarb JIOObIe OIepaluu,
cymectBytomue B C++, 3a HCKITIOYECHUEM:

L* 2 e # ## sizeof

[Teperpy3ka omnepanuii OCyIIEeCTBISETCA C MOMOIIbI0 PYHKIMI CrEeUaIbHOTO
BUa ((QYHKIUI-0TIeparyii) 1 TOAYMHSCTCS CIIEAYIONIIM PaBUIIaM:

COXPAHAIOTCS KOJIMYECTBO apPTyMEHTOB, TPUOPUTETHI OIEpanuii u
IpaBWjia accoldauuu (CIpaBa HaJeBO WM CJ€Ba HAIpaBO) MO CPaBHEHUIO C
UCIOJIb30Ba-HUEM B CTAaHAAPTHBIX TUIIAX JAHHBIX;

HEJB3S TIEPEOTPEACIIUTE OMEPAIIHIO TI0 OTHOIICHHUIO K CTaHAapTHBIM
TUTIaM JIaHHBIX;

(yHKIMSA-OnIepanys He MOKET UMETh apryMEHTOB 10 YMOJIYaHHUIO;

(yHKUMU-ONEPALIMH HACTEAYIOTCS (32 UCKIIOUYEHUEM =).

OyHKIHIO-ONEPALMI0 MOKHO OMPEACNIUTh TPeMs CIIOocO0aMu: OHa JOJHKHA
ObITH JTUOO METOJOM Kjacca, JHMOO JpYy>KeCTBEHHOW (PyHKIMEH Kiacca, JH0o
oObIuHOM pyHKIMeH. B 1Byx nmocneaHux ciydasx GyHKUMS J0JDKHA TPUHUMATh
XOTs1 OBl OJMH apTyMEHT, WUMEIOIINI THM Kjacca, yKa3aTels WM CCBhUIKM Ha
kjacc (0coOblid ciywail: (yHKUMsS-Onepanusi, MepBbld MapaMmeTp KOTOpOH —
CTaHIapT-HOTO THIIA, HE MOXET ONPELSISIThCS KaK METO] Kiacca).

OyHKUMA-ONIepalusl COACPKUT KIHYEBOE CIOBO operator, 3a KOTOPHIM
clie-AyeT 3HaK MepeonpeesieMon onepaiyu:

Tun operator omnepaumsa ( COMCOK IapaMeTpoB) { Teyno QyHKUUM }

5.2 Tleperpy3ka yHApHBIX ONepaIuii

VYHapHas QyHKUuMsA-onepaiys, onpeaenseMas BHyTpU Kiacca, J0DKHA ObITh
Ipe/CTaBlIeHa C MOMOIIbI0 HECTATHYECKOT0 MeTo/1a O€3 mapaMeTpoB, MPU 3TOM
OMEepaH/IOM SIBJISIETCS BBI3BABIINI €€ 00BEKT, HAIPUMED:

class monster

{... monster & operator ++() {++health; return *this;}}
monster Vasia;

cout << (++Vasia) .get health();
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Ecniu ¢ynkuusa ompenensiercs BHE Kiacca, OHAa JIOJDKHA HMMETh OJUH
IapaMeTp THUIIA Kacca:

class monster

{... friend monster & operator ++( monster &M);}; monsteré&
operator ++ (monster &M) {++M.health; return M;}

Ecnu He onmchIBaTh PYHKIMIO BHYTPH KJlacca KaK IPYKECTBEHHYIO, HYKHO
YUUTHIBATh JOCTYITHOCTh U3MEHSEMBIX IMOJICH (B JTaHHOM CIIy4ae Mmoje health
HEJIOCTYITHO M3BHE, TaK KaK OMUCAHO CO CHEMU(DHKATOPOM private, MOITOMY
JUIS €T0 M3MEHEHHUs TPeOyeTCsl MCIOIb30BAHUE COOTBETCTBYIOIIETO METO/A, HE
OTMICAaHHOTO B MPUBEICHHOM TIPUMEDPE).

Omnepanuy MOCTPUKCHOTO MHKPEMEHTAa U JEKPEMEHTa JOJDKHBI UMETh Tep-
BBIN mapaMeTp Trma int. OH HCTOMB3YETCS TOIBKO JJIT TOTO, YTOOBI OTIMYUTH
UX OT peuKCHON HOPMBL:

class monster

{... monster operator ++(int) {monster M(*this); health++; return M;}};
monster Vasia;

cout << (Vasiat+).get health();

5.3 Ileperpy3ka OMHAPHBIX ONepPAIHIi

bunapHas QyHKIus-onepanus, onpeaenseMasl BHyTpU Kiiacca, T0JKHA ObITh
MPEACTABIICHA C MOMOILBI0 HECTATHYECKOTO METOJIa C MapaMeTpaMHu, MPHU 3TOM
BBI3BABIIHI €€ O0BEKT CUMTAETCS MEPBBIM OMEPAHIOM:

class monster

{

bool operator >( const monster &M)
{
if ( health > M.get health())
return true;
return false;
}
}i

Ecnu @yHkus onpenensieTcss BHE Kilacca, OHa JIOJKHA UMETh J1Ba
napameTpa THIa Kjacca:

bool operator >(const monster &M1l, const monster &M2)
{
if( Ml.get health() > M2.get health()) return
true; return false;

bunapubie apudmeTndeckue oneparuu, Takue Kak +, - U *, BO3BpAIIatoT HO-
BBIM DK3EMILISIP KJIACCA, IOMEUYEHHBIW KIIFOUYEBBIM CJIOBOM const. Hampumep:
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const MyClass MyClass::operator+(const MyClass &other) const {

MyClass result = *this; // Make a copy of myself
result.value += other.value; // Use += toadd other to the copy.
return result; // All done!

}

Hcnonp30BaHne KIOYEBOTO CJIOBA const HEOOXOAMMO JISI TOTO, YTO OBI
OBLJIO HE BO3MOYKHO HAMKUCATh CJICTYIONTUI KO

MyClass a, b, c;
(a + b) = ¢c;

clly4ae OTCYTCTBUS KIIOUEBOTO CJIOBA const, JaHHBINA KO OyIeT YCIEIIHO
CKOMITAJIUPOBAH.

5.4 Tleperpy3ka omepamnuu NpUCBaNBaHHS

Omneparnys npucBavBaHus ONpeeeHa B II0OOM KJIacce MO yMOJYaHUIO Kak
MORJIEMEHTHOE KOMHMPOBAHUE. DTa OIEpalus BBI3BIBAETCS KaXIbl pa3, Koraa
OJI-HOMY CYILIECTBYIOIIEMY OOBEKTY NMpUCBAaMBaETCs 3HaueHue apyroro. Ecmu
KJIaCC COJEP>KUT TOJII CChUIOK HAa JAUHAMUYECKH BBIIEISEMYIO0 MaMsTh,
HEO0OXOJAMMO OIpEACIUTh COOCTBEHHYIO OIEpalri0 NpHcBauBaHUs. YUTOObI
COXpaHUTh CEMaH-THKY OIlepaluu, ornepaius-QyHKIMs T0JDKHA BO3BpAIATh
CCBUIKY Ha OOBEKT, JIJII KOTOPOrO OHA BbI3BaHA, M MPUHUMATh B Ka4ECTBE
napameTpa eIMHCTBEHHbI apryMEHT — CChUIKY Ha MPUCBANBAEMBIN OOBEKT:

monster& operator = (const monster &M)

{

if (&M == this) // TpoBepka Ha CcaMOIpMCBauMBaHMUE
return *this;
if (name)
delete [] name;
if (M.name) {
name = new char [strlen(M.name) + 1];
strcpy (name, M.name) ;
}
else name = 0;
health = M.health; ammo = M.ammo; skin =
M.skin; return *this;

Ornepanuio NMprUcBauBaHUSI MOYKHO OIPEIENSATh TOJBKO B Teie kiacca. OHa
HE Haclienyercsi. MOXHO 3aMETHUTh, UTO ONEpalus NMPUCBAWBAaHHUS BO3BPAILACT
CCBUIKY, YTO ITO3BOJISIET COBEPIIATH «LIETOYKH MPUCBANBAHUS:

int a, b, ¢, d;
a=b=c¢c=d-= 23;

JAHHOM LIEMIOYKE MTPUCBAUBAHUS MIEPBOM BBIIIOJIHAECTCS Oonepauus d = 23,
BO3Bpallarolias CChUIKY Ha IEPEMEHHYK d, 3HAYE€HHE KOTOPOW, B CBOIO
odepeab, IPUCBAUBACTCS IEPEMEHHOM ¢ U T. 1.
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5.5 [Ileperpy3ka onepanuu npuBeAeHUs] THIIA

MosxHO onpeienuTh GyHKIUU-ONEPALH, KOTOPbIe OYIyT OCYIIECTBIISIT
npeoOpa3zoBaHue Kiacca K ipyromy tuiy. Gopmar:

operator mMa HOBOTO TMHa ();

Tun Bo3BpamaeMoro 3Ha4eHWsI M MAapaMETPbl YKa3blBaTb HE TPeOyeTcs.
MoxHO onpenensTh BUpTyajabHble (PyHKIMU NpeoOpa30BaHUs THIIA.
IIpumep:

monster: :operator int(){ return health; }

monster Vasia; cout << int (Vasia);

5.6  OcobenHocTH padoThl oniepaTopoB new u delete

[TepemeHHass 0OBEKTHOTO TUIIA B TMHAMUYECKON MaMATH CO3/1a€TCs B JBa
JTana:
Briaensercs naMsTh ¢ IIOMOILBIO OIIEPATOPa new.
BrI3bIBacTCS KOHCTPYKTOP Kiacca.
VY nansercs Takas IepeMeHHas TOXKE B J1Ba dTalla:
BrI3bIBaeTCs 1ECTPYKTOP KI1acca.
OcBo0OOKIaeTcs mamMsATh C TOMOIIBIO oneparopa delete.

5.7 Tleperpy3ka onmepatopoB new u delete 1151 0TI€JBHBIX KJIACCOB

Oneparopsl new U delete MOYKHO NIEPErPY3UTh. ISl 3TOTO €CTh HECKOJIBKO
MIPUYHH:

MOKHO YBEJIUYUTH IPOU3BOJAUTEILHOCTD 32 CUET KEIIMPOBAHUS: MPU ya-
JeHuu 00BEKTa HE OCBOOOXKIATh MaMATh, & COXPAHATh YKa3aTeIu Ha CBOOOHBIC
OJIOKU, UCTIOJIB3YSl X JUIsl BHOBb KOHCTPYUPYEMBIX OOBEKTOB.

MO>KHO BBIZICIISITh MMAMSTh CPa3y MO HECKOJIBKO 0OBEKTOB.

MOXKHO peajii30BaTh COOCTBEHHBIM «cOOpIUK Mycopa» (garbage
collector)

MO>KHO BECTH JIOT BBIICIICHUSI/OCBOOOXKICHUS TTAMSITH.

OmnepaTopsl new M delete UMEIOT CIICIYIOIIUE CUTHATYPHI:

void *operator new(size t size);
void operator delete(void *p);

OmnepaTop new IPUHUMAET pa3Mep MaMsATH, KOTOPYIO HEOOXOIUMO BBIICTUTH,
BO3BpalllaeT yKa3aTeiab Ha BBIJICICHHYIO IaMATh.
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Omneparop delete NPUHUMAET YKa3aTeNb HA AaMATh, KOTOPYIO HY>KHO OCBO-
OOIUTh.

class A {

public:
void *operator new(size t size);
vold operator delete(void *p);

i

void *A::operator new(size t size) {
printf ("Allocated %d bytes\n",
size); return malloc(size);

void A::operator delete(void *p) {

free (p);

Bmecro pyHKuMii malloc U free MOYXHO HCIIOJIb30BATh INI00AIbHBIE ONlEepa-
TOPHI : :new H : :delete.

PexomenayeTcss He TPOU3BOIUTE B OIepaTope new (OCOOEHHO B TJIOOATHLHOM)
Kakue-1mbo onepanuud ¢ OObEKTaMH, KOTOpPbleé MOTYT BbI3BAaTh OIEpaTOp new.
Hanpumep, 11t BBIBOJa TEKCTa UCHOB3YeTCs PYHKIMS printf, a HE 0OBEKT
std: :cout.

OmnepaTopsl new U delete, OOBSBIECHHBIE BHYTPH Kiacca, (QYHKIIMOHUPYIOT

MOJ00HO CTaTUYECKUM (PYHKIMSM M BBI3BIBAIOTCS ISl JAHHOIO KJacca U €ro
HACJIETHUKOB, JIJI1 KOTOPBIX 3THU ONEPATOPHI HE IEPEOIIPECIICHBI.

5.8 Ilepeonpenenenue riaodajbHbIX onepaTopoB new u delete

HEKOTOPBIX CJIydasX MOXET MOTpeOOBaThCS MEPErpy3UTh TII0OATbHBIC
omne-paTopsl new U delete. OHM HAXOJATCS HE B MIPOCTPAHCTBE UMEH std, a B
1J10-0aJIbHOM TIPOCTPAHCTBE UMEH.

['mobGanbHbIE ONIEPATOPHI new U delete BBHI3BIBAIOTCS ISl IPUMUTHUBHBIX TH-

OB U JUUIA KJIACCOB, B KOTOPBIX OHU HE IepeonpeneneHbl. OHU UMEIOT TaKHUE KeE
CUTHATYPBIL, YTO U PACCMOTPEHHBIE BBIILIE ONIEPATOPHI new U delete.

Iyig NPUMMMTMBHEIX TMIIOB BHISHBATCSA IJioOaJibHEle ::new u ::delete
int *i = new int;
delete 1i;

Insa kJjacca A BHEBHBATCA Iepeonpenesi€HHele A::new 1 A::delete
A *a = new A;

delete a;
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Ins xjacca C omnepaToprl new 1 delete He nepeonpenesieHH,
IO®TOMY BEIBEIBAITCS TJioBOalibHEIE ::new u ::delete
C *c = new C;

delete c;
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HACNEOOBAHUE B OO

[Tpr GOJBIIIOM KOJMYECTBE HHUKAK HE CBSI3aHHBIX KJIACCOB YIPABJIATH WUMH
CTa-HOBUTCS HEBO3MOXXHBIM. HacnemoBaHue MO3BOJIIET CIPABUTHCS C ITOH
po0JIe-MOM ITyTeM YIOPSIOYMBAHUS W PAHKUPOBAHUS KIACCOB, TO €CTh
00bEeIMHEHUSI OONIMX i1 HECKOJBKHUX KIJIACCOB CBOMCTB B OJHOM KJlacce H
MCITOJI30BAHUS €r0 B Ka4ecTBE 6a30BOTO.

MexaHn3M HacjIeIOBaHUS KJIACCOB IIO3BOJISIET CTPOWUTH HEpPapXvHd, B
KOTOPBIX TIPOM3BOAHBIC KJIACCHl TOMYYaIOT JJIEMEHTHI POJIUTENBCKUX, WIH
0a30BbIX, KJIAC-COB U MOTYT JIOTIOJTHATH WX WU U3MEHSTH UX CBOMCTBA.

Krnaccel, Haxomsmuecss Onke K Hadaldy uepapXxud, oOBEAUHSIOT B cebe
HanOoJIee 00IIMe YepThI IS BCEX HIDKENIeKaIux kinaccoB. [1o Mepe mpoaBrke-
HUS BHH3 IO UEPApXHMH KJIAcChl MPHUOOPETAIOT BCE OOJIBIINE KOHKPETHBIX YEpT.
MHOXECTBEHHOE HACJIeIOBAaHUE TIO3BOJSIET OJHOMY Kilaccy 00JiamaTh CBOM-
CTBaMH JIBYX M 00JICe POJIUTEIBCKUX KIIACCOB.

6.1 Buabl Hacaea0BAHUS

[Ipu onrcanum Kjiacca B €ro 3arojoBKe MEPEUHCISIIOTCS BCE KIACCHI, SIBIISIO-
ryecs Juisi Hero 0a30BbIMU. BO3MOKHOCTE 0OpalieHus K AJIEMEHTaM 3THX KJlac-
COB peryJiupyercs ¢ HOMOIIbI0 MOAU(PUKATOPOB HACIIEJOBAHUS private,
protected U public.

Ecnn 6a30BBIX KJIacCOB HECKOJIBKO, TO OHU IMEPEUUCISIOTCS 4Yepe3 3aIAaTylo.
Ilepen kaXapIM MOXET CTOSITH CBOWM Moaudukatop HacineaoBanus. [lo ymomda-
HUIO JJIs KJIACCOB YCTaHOBJIEH MOAU(DUKATOp private, a Ui CTPYKTYp — public.

Ecnu 3anan Monudukatop HacineaoBaHus public, OHO Ha3bIBAE€TCS OTKPbI-
ThIM. Vcnionb3oBanue MoaudukaTopa protected JI€JAET HACIECIOBAHUE 3alllU-
IIEHHbIM, a MOAM(UKATOpa private — 3aKpbITBIM. B 3aBucMMOCTH OT BHIa
HacJe0BaHMs KJAcChl BeQyT ceOst mo-pa3zHoMy. Kiacc MOXKeT HacienoBath OT
CTPYKTYPBbI, U HA000POT.

Jis  mo0oro  sneMeHTa  Kiacca  MOXET  TakKe  HCHOJIb30BaThCs
cnenupukaTop protected, KOTOPBIA ISl OAMHOYHBIX KJIACCOB, HE BXOMSIIMX
B HEPAPXUIO0, PAB-HOCWIEH private. Pa3HuIa MeXay HUMHU NMPOSBISIETCS MPU
HacienoBaHUU. Bo3-MOXXHbIE cOYeTaHUs MOAM(PUKATOPOB M CHEUU(DUKATOPOB
J0CTyTa MPUBEACHBI B TAOIHIIE HUXKE.

Kak BuaHO M3 Tabmuubl HUXKE, private 3JIEMEHTHI 0a30BOro Kijacca B
MPOM3-BOAHOM KJIacce HeIOCTYIHBI BHE 3aBUCUMOCTH OT Kitoua. ObOparienue K
HUM MO-XET OCYILLECTBIATHCS TOJILKO Yepe3 METO 1bl 0a30BOTO Kiacca.
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Momudukarop Hacieno- | Cnernudukarop 6a30Boro Joctyn B mpou3BOAHOM

BaHUA KJtacca KJracce

private private HeT
protected private
public private

protected private HeT
protected protected
public protected

public private HeT
protected protected
public public

OJIEMEHTBI protected IPU HACIEOBAHUU C KIIFOUOM private CTAHOBSITCS B
ITPOU3BOJTHOM KJIACCE private, B OCTAJIBHBIX CIy4asx MpaBa JOCTYIA K HUM HE
U3MEHAIOTCS.

JlocTyn K di1eMeHTaM public IPU HACIEIOBAHUU CTAHOBUTCA COOTBETCTBY-
FOIMM KJIFO4y JOCTYIIA.

Ecnu 6a30BbIi KJ1acc HacaeayeTcsl ¢ KIOYOM private, MOKHO BBIOOPOUHO
c/ieNlaTh HEKOTOPBIE €ro 3JEMEHTHI JOCTYIHBIMHU B MPOU3BOJHOM Kiacce, 00b-
ABUB MX B CEKUHMM public MPOU3BOAHOTO Kjacca € IOMOIIBIO OIEpanuu
J0CTyMna K 00J1aCTH BUAUMOCTH:

class Base {...
public: void f();

}i

class Derived : private Base {...
public: using Base::f;

b

6.2 IIpocroe Hacieg0oBaHue

[IpocTbiM Ha3BIBaE€TCS HACIEIOBAHWE, NPH KOTOPOM IPOU3BOIHBIN KIIAacc
HMEET OJHOTO poauTelisd. [ pa3audHbIX 3JIEMEHTOB Kilacca CYMIECTBYIOT pas-
HBbIE TTpaBUJIa HaclieOBaHKs. PacCcMOTpHM HaclieIoBaHUE KJIACCOB Ha MPUMEDE.

CozmaguM MPOM3BOIHBIA OT Kjacca monster KIAcC daemon, JOOABHUB «JIe-
MOHY» CIIOCOOHOCTb TyMaTh:

enum color {red, green, blue};
————————————— Knacc monster -------------

————————— CKPHITEHE [OJIA KJlaCCa: ———————————=—
int health, ammo;
color skin;
char *name;
public:

————————————— KOHCTPYKTOPH :

monster (int he = 100, int am = 10);

monster (color sk);
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monster (char * nam);
monster (monster &M);

————————————— HecTpykTOp:
~monster () {delete [] name;}
————————————— Onepaumm:

monster& operator ++ () {++health; return
*this;} monster operator ++ (int)
{monster M(*this); health++; return
M;} operator int () {return health;} bool
operator > (monster &M)
{
if( health > M.get health()) return
true; return false;
}
monster& operator = (monster &M)
{
if (&M == this) return *this;
if (name) delete [] name;
if (M.name) {
name = new char [strlen (M.name) + 1];
strcpy (name, M.name) ;
}
else name = 0;
health = M.health; ammo = M.ammo; skin =
M.skin; return *this;

int get health() const { return health; } int
get_ammg() const { return ammo; }

————————————— MeTomnrl, MI3MEeHAKIMEe 3HAUeHUsS I10JIel:
void set health(int he){ health = he;}

void draw(int x, int y, int scale, int position);

————————————— Peanmzanumusa kjacca monster —---—-—-—---——-
monster: :monster (int he, int am):
health (he), ammo (am), skin (red), name
(0) {} monster::monster (monster &M)
{
if (M.name)
{
name = new char [strlen(M.name) +
1]; strcpy(name, M.name);
}
else name = 0;
health = M.health; ammo = M.ammo; skin = M.skin;
}
monster::monster (color sk)
{
switch (sk)
{

case red: health = 100; ammo = 10; skin = red; name = 0; break;
case green: health = 100;ammo = 20;skin = green; name = 0; break;
case blue: health = 100; ammo = 40; skin = blue; name = 0;break;

}

monster::monster (char * nam)

{
name = new char [strlen(nam)+1];
strcpy (name, nam);
health = 100; ammo = 10; skin = red;
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void monster::draw(int x, int y, int scale, int position)
{ /* ... OrpmucoBka monster */ }

————————————— Kpmacc daemon ———-——————--—--
class daemon : public monster

{

int brain;

public:

————————————— KOHCTPYKTOPH :
daemon (int br = 10) {brain = br;}; daemon(color
sk) : monster (sk) {brain = 10;} daemon (char *
nam) : monster (nam) {brain = 10;} daemon (daemon
&M) : monster (M) {brain = M.brain;}
————————————— Onepaumumr: daemoné
operator = (daemon &M)
{

if (&M == this) return

*this; brain = M.brain;

monster: :operator = (M);

return *this;

————————————— MeTomel, M3MEHAKIME SHAUYEHUSA I[IOJIeN:
void draw(int x, int y, int scale, int position);
void think () ;

————————————— Peanmuzaumga kJjacca daemon —--—-—-—-—-—-—-——-—-——-—
void daemon: :draw(int x, int y, int scale, int
position) { /* ... OrpucoBka daemon */ }
void daemon:: think(){ /* ... */ }

KJIaCcC€ daemon BBEJCHO IIOJIC brain M METOA think, ONPEIACICHBI c00-
CTBEHHBIE KOHCTPYKTOPBI U OIl€pauys IPUCBANBaHUsA, a TAKXKE IEPEOIPENEIICH
METOJI OTPUCOBKH draw. Bce moss kimacca monster, onepamuu (KpoMe MpucBau-
BaHI/IH) U METOAbl get health, get ammo M set health HACICAYIOTCA B
KJIacce daemon, a AECTPYKTOP POpMHUPYETCS MO YMOTUYAHUIO.

6.2.1 Ilpasuna nacnedosanusn paiuunvix Memooos

KoHCTpyKTOpBI HE HACIEAYIOTCS, MO3TOMY INPOU3BOJIHBIM KIIACC JOJDKEH
UMETh COOCTBEHHBIE KOHCTPYKTOPHI.

Ecnu B KOHCTpPYKTOpE MPOM3BOJHOTO KJIACCA SBHBIM BBI30B KOHCTPYKTOpA
0a-30BOro KJjiacca OTCYTCTBYET, aBTOMATHYECKH BBI3BIBACTCS KOHCTPYKTOP
0a30BOTO Kjacca Mo yMOJYaHHUIO (TO €CTh TOT, KOTOPHI MOYKHO BBI3BaTh 0€3
napameTpoB). ITO UCMOIB30BAHO B IEPBOM U3 KOHCTPYKTOPOB KJlacca daemon.

JInst mepapxuu, coCTOSIEH U3 HECKOIbKUX YPOBHEW, KOHCTPYKTOPHI 0a30BbIX
KJIACCOB BBI3BIBAIOTCS HAUMHAsA C CaMOro BepXHero ypoBHs. Ilocie 3Toro BhINOI-
HAIOTCSI KOHCTPYKTOPBI TE€X 3JIEMEHTOB Kjacca, KOTOPBIE SIBISIOTCA O0OBbEKTaMH, B
nopsiJike ux oOBSBICHUS B KJIacce, a 3aTeM UCTOIHIETCS KOHCTPYKTOp Kiacca.

CJIydae HECKOJIbKUX 0a30BBIX KJIACCOB MX KOHCTPYKTOPHI BBI3HIBAIOTCS B
MO-PSAZIKE OOBSIBICHUS.
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Ecnu xoHcTpykTOop 0a30BOro kimacca TpeOyeT yKa3aHUs MapamMeTpoB, OH
JI0JI-KE€H OBITh SIBHBIM 00pa3oM BBI3BAH B KOHCTPYKTOpPE MPOU3BOJHOIO Kilacca
B CIIMCKE MHULIMAIM3AIUM (3TO IPOAEMOHCTPUPOBAHO B TPEX MOCIEIHUX KOH-
CTPYKTOpax).

He Hacnmenyercst u onepanus NpUCBauBaHUs, MOATOMY €€ TaKxke TpeOyeTcs
SIBHO OIPENEIUTh B Kilacce daemon. OOpaTuTe BHUMAHUE Ha 3alUCh (QYHKIMU-
omepalyi: B €€ Tejle TMPUMEHEH SABHBIA BBI30B  (DYHKIIMH-ONEPALNUN
nprcBauBaHus U3 6a30Boro kiaacca. UToObl syuliie NpeacTaBUTh ce0e CHHTAKCUC
BbI30Ba, KJIIO-YE€BOE CJIOBO operator BMECTE CO 3HAKOM OINEpPAaLUUd MOXHO
UHTEPIPETUPOBATH KaK UMS QyHKIIUU-OIIEPALIHH.

Bb130B QyHKIMIT 6a30BOro Kiacca NpeArOYTUTENbHEE KONMPOBaHUs (par-
MEHTOB KoJa U3 (yHKIuil 0a30Boro kiacca B (pyHKUMU mpousBoaHoro. Kpome
COKpalleHHsi 00beMa Koja, 3TUM JIOCTUTaeTCsl YIpOUIeHHEe MOAU(DUKAIUH TIPO-
rpaMMbl: ©3MEHEHUS TPEOYyeTCs BHOCUTh TOJIBKO B OAHY TOYKY MPOrPaMMBbl, YTO
COKpalaeT KOJIMYECTBO BO3MOKHBIX OLIMOOK.

6.2.2 Ilpasuna ona decmpykmopoe npu HAc1e006aAHUU

JIeCTpyKTOpBI HE HACIEIYIOTCS, W €CIH MPOTPAaMMHUCT HE OINHcal B
MPOU3BOA-HOM KJlacce IECTPYKTOp, OH (opmMupyercs MO yMOIYaHUIO U
BBI3BIBACT JECTPYK-TOPHI BCEX 0A30BBIX KJIACCOB.

OTJIMYHE OT KOHCTPYKTOPOB, MIPHU HATUCAHUU JIECTPYKTOPA MPOU3BOTHOTO
KJIacca B HEM HE TpeOyeTCs SBHO BBI3BIBATH JIECTPYKTOPHI 0a30BBIX KIIACCOB, TO-
CKOJIBKY 3TO OYJIET C/IeJIaHO aBTOMATHYECKHU.

JInst nepapxum Ki1accoB, COCTOSIEW U3 HECKOJBKUX YPOBHEU, IECTPYKTOPHI
BBI3BIBAIOTCS B TOPSJIKE, CTPOrO OOpPaTHOM BBI30BY KOHCTPYKTOPOB: CHadaja
BBI-3bIBAETCS JACCTPYKTOpP KJiacca, 3aTeM — JIECTPYKTOPHI SJIEMEHTOB Kjacca, a
MOTOM JIECTPYKTOp 6a30BOT0 Kiiacca.

[Tonst, yHaciaeoBaHHbBIE U3 KJlacca monster, HEJOCTYITHBI QYHKIIASIM POU3-
BOJIHOTO KJ1acca, MOCKOJIbKY OHU OTpe/iesieHbl B 0a30BOM KJlacce Kak private.
Ecnu dyHkuusiM, onpeneneHHbiM B daemon, Tpebyercs paboTaTh C 3TUMHU TO-
JISIMH, MOXHO JIUOO omnucaTh UX B 0a30BOM KJlacce Kak protected, 1100 00pa-
IaThCS K HUM C TIOMOIIBbI0 (PYHKIIUNA U3 monster, JIMOO SBHO MEPEONPEICTUTD
UX B daemon TaK, Kak ObLIO TTOKa3aHO B IPEABIAYIIEM pa3fere.

JloGaBrnisiemMble TIOJISI B HACJIETHUKE MOTYT COBIIJATh U TI0 UMEHHU, U TIO THUITY

noJjisiMu 6a3oBoro kiiacca. [lpu 3Tom mosie npenka oyaer ckpbito. CTaTHdeckue
1oJIst, OOBSIBIICHHBIE B 0a30BOM KJlacce, HACTIEAYIOTCS OOBIYHBIM
oOpa3om. Bce 00beKkThI 6a30BOTO KJIacca M BCEX €r0 HACJIETHUKOB Pa3IeIsioT
SIMHCTBEHHYIO KOIUIO CTATUYECKHX T0JIel 6a30BOTO Kilacca.
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PaccmaTtpuBasi HaciegoBaHHE METONOB, OOpaTHTEe BHMMAaHHWE Ha TO, YTO B
KJlacce daemon OMHUCAH METOJ draw, IEPEONPEICIISIONNN METO/I C TEM KE UMe-
HEM B KJacce monster (MOCKOJBKY OTPUCOBKA PA3IMYHBIX MEPCOHAKEU, €CTe-
CTBEHHO, BBITNIOJIHSAETCA MO-pa3HoMy). Takum 00pa3omM, MPOU3BOIHBIN KJIacC MO-
KET HE TOJBKO JOTMOJIHATh, HO U KOPPEKTUPOBATh MOBEACHNE 0a30BOT0O Kiacca.
JlocTynn K mepeorpenesieHHOMY METOAy 0a30BOr0O Kjacca il MPOU3BOJHOIO
KJIacCa BBIMOJIHAETCS 4Y€pe3 YTOUHEHHOE C IOMOILBIO ONepanuu J0CTyIla K
00J1a-CTH BUAMMOCTU UMS.

Kracc-moToMok Haciemyer Bce METOIbl 0a30BOT0O Kjlacca, KpoMe KOHCTPYK-
TOpPOB, IECTPYKTOpa M oNepaluu NpucBauBaHud. He HaciemyroTcs HU Jpyxke-
CTBEHHbIE (PYHKIIMHU, HU JAPYKECTBEHHBIE OTHOIICHUSI KIaCCOB.

KJIacCe-HACJIEeTHUKE MOKHO OINpPEAEsATh HOBbIE METO/Abl. B HUX pa3pera-

€TCs BBI3bIBATH JIFOOBIE JOCTYITHBIE METO bl 0a30Boro kiacca. Eciau ums merona

HacJIEJHUKE COBIAJaeT ¢ UMEHEM MeTojJia 0a30BOro Kiacca, TO METOA MpOou3-

BOJIHOT'O KJIacca CKPBIBAET BCE METO/bI 0a30BOr0 Kjacca ¢ TakuM UMeHeM. [Ipu

3TOM MNPOTOTHIIBI METOJOB MOTYT HE COBHaAarh. EciM B MeTOJe-HaCIEIHUKE

Tpe-OyeTcs BbI3BaTh OJHOMMEHHBIM METOJl POAMTEIBCKOTO Kiacca, HYXHO
3aJ1aTh €To C MPePUKCOM Kiaacca. ITO K€ KaCaeTCsl U CTAaTUYECKUX METOJIOB.

6.3 BupryajabHble METOIbI

PaGora ¢ oOBekTamMu walie BCEro MPOUBBOAMUTCS 4Yepe3 yKa3aTellu.
VYka3zarento Ha 0a30BBIM Kiacc MOXHO NMPUCBOWTH 3HAYECHHE agpeca OObeKTa
Jr000T0 MPOU3-BOAHOTO KIacca, HallpuMep:

monster *p; // OnmcHBaeTCsa yKasaTejb Ha 0Oas30BHI KJACC

p = new daemon; /* YxasaTesb CChUlaeTCsa Ha OOBEKT MNPOMBBONHOTO Kjacca */

Br130B MeTO/10B 00BEKTa TPOUCXOUT B COOTBETCTBUH C THUIIOM yKa3aTels, a
HEe (PaKTUYECKUM THIOM OOBEKTA, HA KOTOPBIM OH CCBIJIAETCS, TOATOMY IPHU BbI-
IIOJIHEHUU ONlepaTopa, Halpumep:

p -> draw(l, 1, 1, 1);

pe3yabpTaTe OyJleT BbI3BaH METOJ Kjlacca monster, a HE KJjacca daemon,
MOCKOJIbKY CCBUIKM Ha METOJbl Pa3peliaroTcsi BO BpEeMs KOMIIOHOBKH MpO-
rpaMMbl. DTOT MPOIIECC HA3bIBACTCSA PAHHUM CBSI3bIBaHHEM. UTOOBI BHI3BATh Me-
TOJ KJIacca daemon, MOYKHO HMCIIOJB30BaTh SIBHOE MpeoOpa3oBaHUE TUTIA yKa3a-
TEJISL:

((daemon * p)) -> draw(l, 1, 1, 1);
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DTO He Bcerja BO3MOXHO, MOCKOJBKY B pa3HOE BpPEMs yKa3arellb MOXET
CCBI-JIATHCS Ha OOBEKTHI Pa3HBIX KJIACCOB HUEPAPXUHU, U BO BPEMs KOMITHIISAIIUU
PO-TPaMMbl KOHKPETHBIN KJIACC MOKET ObITh HEU3BECTEH.

Ka4yecTBe MpUMEpPa MOXKHO MpPUBECTH (YHKIMIO, TapaMeTpOM KOTOPOH siB-
JsieTcsl yKaszarenab Ha 00beKT 0a3oBoro kiacca. Ha ero Mecto Bo BpeMs BbINOJIHE-
HUS NPOTpaMMBbl MOKET OBITh MepeaH yKaszarelb J000ro MpoM3BOIHOTO Kilacca.
Jlpyroii mpumep — CBSI3HBIM CIHCOK yKa3aTeled Ha paziudHble 0OBEKTHI Hepap-
XHH, C KOTOPBIM TpeOyeTcst paboTaTh €1MHOOOPA3HO.

C++ peann3oBaH MEXaHW3M IO3AHETO CBSA3BIBAHUS, KOTAA Pa3pEIICHHE
CCBUIOK Ha (PYHKITHIO MPOUCXOIUT Ha ATAle BHITOJHEHUS MPOTPAMMBI B 3aBHUCH-
MOCTH OT KOHKPETHOTO THIa 00BEKTa, BRI3BABIIETO (QYHKIIUIO. DTOT MEXaHU3M
pEaIU30BaH C MIOMOIIBIO BUPTYAJIbHBIX METOIOB.

Jlnst ompenenieHrsT BUPTYaJIbHOTO METO/Ia MCIOJIb3YeTCsl CHelu(pUuKaTop

virtual.

virtual void draw(int x, int y, int scale, int position);

PaCCMOTpI/IM IMpaBuJia UCII0JIb30BaHWA BUPTYAJIbHBIX MCTOIOB!

Eciu B 0a30BOM Kilacce METOJ OMpEAeNieH KaK BUPTYaJIbHBIN, METO/,
ompe-ZIeJICHHBIH B TMPOM3BOJHOM Kjacce C TEeM J>K€ HMEHEM U HabopoM
napamMeTpoB, aB-TOMATHYECKU CTAHOBHUTCS BUPTYaJbHBIM, & C OTIUYAOIIUMCS
HAOOPOM MapaMeT-pOB — OOBIYHBIM.

BupTtyanbHble METOJbI HACICAYIOTCS, TO €CTh MEPEONPEaCsITh UX B IMPO-
M3BOJIHOM KJIacce TPeOyeTcsl TOJNBKO TPU HEOOXOIUMOCTH 3a/1aTh OTIMYAROITHECS
nevicteus. [IpaBa qocTymna npu nepeonpeaecHId H3MEHUTD HEITh3s1.

Ecnu BUpTyanbHBIA METOA MEPEONnpeiesieH B MPOU3BOIHOM Kjlacce, 00b-
€KThI ATOTO KJIacca MOTYT MOJIYYHTh JOCTYM K METOAy 0a30BOro Kjiacca ¢ TOMO-
MIHIO OTIEPAIIMH JTOCTYTIA K 00JIACTH BUAUMOCTH.

BupTtyanbHblii METOJT HE MOXKET OOBSIBISATHCS C MOAU(PUKATOPOM static,
HO MOET ObITh OOBSIBIICH KaK JIPy>KECTBEHHAs (DyHKITHSI.

Ecnu npoun3BoHbIN KiTace COACPKUT BUPTYATbHBIE METOIbI, OHU JOJKHBI
OBITH OTIpEIeTICHBI B 0230BOM KJIacce XOTsI ObI KaK YUCTO BUPTYaIbHBIC.

UucTo BUPTyabHBIA METO/ COACPKUT Npu3HaK = () BMECTO TeJa, HalpuMep:

virtual void f (int) = 0;

YucTo BUPTYyaJdbHBIA METOJA MOJDKEH MEPEONPENENIAThCA B MPOU3BOIHOM
KJj1acce (BO3MOXKHO, OMSITh KaK YMCTO BUPTYAJIbHBIN).

Ecnu onpenenuTh MeTOa draw B KJIacCE€ monster KaK BUPTyaJbHBIH, pelie-
HUE O TOM, METOJ] KaKOro KJjlacca BbI3BaTh, Oy/I€T MPUHUMATHCS B 3aBUCUMOCTHU
OT TUNa 00bEKTa, Ha KOTOPBIN CChIJIAETCSI yKa3aTeb:
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monster *r, *p;

r = new monster; // Cosmaercs oObBeKkT Kjlacca monster

p = new daemon; // Cospmaercs obwekT kjlacca daemon

r -> draw(1,1,1,1); // BH3BIBaeTCca MeTom monster::draw

p -> draw(1,1,1,1); // Bu3piBaeTca MmeTon daemon::draw

p —-> monster::draw(l,1,1,1); // O6xom MexaHM3Ma BUPTYAJIbHBEIX METOIOB

Ecnu o0bekT kiacca daemon OyneT BbI3bIBaTh METOJl draw HE HENOCpEa-
CTBEHHO, & KOCBEHHO (TO €CTb U3 JPYroro MeToja, KOTOPhI MOXKET OBITh Ompe-
JeNieH TOJIBKO B KJIacce monster), Oy€T BbI3BaH METOJ] draw Kiacca daemon.

WTak, BUPTyaIbHBIM Ha3bIBAETCS METOJI, CChUIKA HA KOTOPBI pa3pemaercs
Ha JTare BBIMOJIHEHUS MpOorpamMmbl (IepeBOJl KPAacHMBOTO AHIIIMHCKOTO CIIOBA
virtual — BCEro-HaBCETO «(PaKTUYECKHID», TO €CTh CChUIKA pa3peraercs o
(akTy BbI30BA).

6.3.1 Mexanusim no3zonezo ceéa3vléanus

Jlnst kaxkaoro kiacca (He o0bekTal), comepskaiero XoTsi Obl OJJUH BUPTYyallb-
HBIM METOJI, KOMITUJISITOP CO3/Ia€T TaOJIUIly BUPTYaIbHBIX METOJIOB (vtbl), B KO-
TOPOM ISl KakJOTO BHPTYabHOTO METOJa 3allMCaH €ro ajpec B MaMsTH.
Anpeca METOZIOB cozaep)kaTrcs B TaONMUIE B MOPSJIKE WX OMHCAHMS B KIiaccax.
Anpec 110-00ro BUPTYyaJIbHOTO METO/Ia UMEET B vtbl OJHO U TO K€ CMEILICHHUE
JUTS KKJIOTO KJIacca B Tpe/Iesiax HepapXuu.

Kaxnp1ii 00BbEKT COAEPKUT CKPBITOE JIOMOJHUTEIBHOE I0JIE CCHUIKM Ha
vtbl, Ha3piBaeMoe vptr. OHO 3aMOJHAETCS KOHCTPYKTOPOM IIPH CO3JaHUU
o0beKTa (i1 ATOTO KOMIIMJIATOP J00aBIsE€T B Hayajo Tejla KOHCTPYKTOpa
COOTBETCTBYIO-IIIUE UHCTPYKITUH).

Ha sTame KOMOWISIIIMM CCHUIKM Ha BUPTyajbHBIE METOBI 3aMEHSIIOTCS Ha
o0-parmieHust K vtbl depe3 vptr O0BbEKTa, a Ha ATAle BBHINOTHEHUS B MOMEHT
oOpa-lieHusl K METOJly €ro ajapec BbIOMpaeTcss u3 Tabiuibl. TakuM 00pa3om,
BBI30B BUPTYaJbHOTO METO/A, B OTJIMYHE OT OOBIYHBIX METOIOB M (hYyHKIIHMA,
BBITIOJIHA-€TCSA 4epe3 JOMOJHUTENbHBIA JTal TMOJyYEHHUS ajpeca MeToja u3
TaOMUIBl. DTO HECKOJIBKO 3aMEJUISIET BBIOJIHEHUE MPOrpaMMbl, MO3TOMY 0e3
HEOOXOAMMOCTH JIeTIaTh METOAbl BUPTYAIbHBIMU CMBICIIA HE UMEET.

Pexomenayercst nenarb BUPTYaIbHBIMU JECTPYKTOPHI JJIsl TOTO, YTOOBI ra-
pPaHTHPOBATh MPABUIHBHOE OCBOOOXKICHNUE TAMSITH U3-TI0J] THHAMUYECKOTO 00h-
€KTa, TIOCKOJIbKY B JIO00M MOMEHT BpeMeHU OyJeT BBIOpaH JIeCTPYKTOp,
COOTBET-CTBYIOIIUMN (DAKTUUECKOMY TUITY OOBEKTA.

YeTkoro mpaBujia, IO KOTOPOMY MCTOA CICAYCT ACJIaTh BUPTYyaJIbHBIM, HC Cy-
IMCCTBYCT. MOKHO TOIBKO AaTb pCKOMCHOAIIUIO OOBSBIIATH BHUPTYAJIbHBIMHU MC-

o1



TOJBI, JIJI1 KOTOPBIX €CTh BEPOATHOCTH, YTO OHU OYAYT IEpEoIpeaesieHbl B IPO-
U3BOHBIX Kjaccax. MeTojpl, KOTOphIE BO BCEH HEpapXWU OCTAHYTCS HEHU3MCH-
HBIMH WJIM T€, KOTOPBIMH IPOHM3BOIAHBIC KJIACChI IOJIb30BAThCS HE OYIyT, ACIIaTh
BHPTYaJIbHBIMU HET cMbIciia. C Ipyroi CTOPOHBI, IIPH IMIPOCSKTUPOBAHUH HEPaAP-XHH
HE BCErJa MOXKHO IpeJcKa3aTh, KaKUM 00Opa3oM OYAyT pacIHIUpsAThCS 0a30-BbIC
KJIACChI, OCOOCHHO IPH TMPOCKTUPOBAHUU OUOJMOTEK KJIACCOB, a OOBSIBIICHHE
METO/Ia BUPTYaJIbHBIM 00eCIIeYrBacT TMOKOCTh M BOBMOYKHOCTh PACIIIUPCHHMSL.

JInst OsICHEHHsI TIOCJIEIHETO Te3uca MPEeACTaBUM ceOe, YTO BBI30B METO/a
draw OCYIIECTBISIETCA U3 METOJa NepeMelleHus: oobekTa. Eciu TekcT mMeroaa
MEPEMEILICHHS] HE 3aBUCUT OT THUIIA MEPEMENIaeMOro o0beKTa (MOCKOJIBbKY MPUH-
[T TIEPEMEILICHHUS] BCEX OOBEKTOB OJMHAKOB, a JUISi OTPHUCOBKH BBI3BIBACTCS
KOH-KPETHBIM METOJT), IePEONPEACIISTh STOT METO/I B IIPOU3BOHBIX Kaccax HET
HEOOXOJIMMOCTH, U OH MOKET ObITh OMMCAaH KaK HEBUPTYyaJbHbIA. Eciu Meron
draw BHUPTYaJIbHBIA, METOJI IIEPEMEILCHHS CMOXKET 0€3 MePEKOMITHIISAIIUKA pado-
TaTh ¢ 00BEKTAMHU JIFOOBIX MPOU3BOJAHBIX KJIACCOB — JAXe TE€X, O KOTOPBIX MpHU
€ro HalMCaHWHU HUYETO M3BECTHO HE OBLIO.

BupTtyanbsbeiii MexaHu3M paboTaeT TOJBKO MPH HUCIIOJIB30BAaHUU yKa3aTeseh
WJIU CCBUIOK Ha 00BbeKThl. OOBEKT, ONpEIeICHHBIN Uepe3 yKazaTelb WIn CChUIKY

COJICp KalllUi BUPTyaIbHbIE METOJIbI, Ha3bIBaeTCsl MOAUMOPGHBIM. B nanHoM
cilydae moJuMop(du3M COCTOUT B TOM, YTO C TTIOMOIIIBIO OJTHOTO M TOTO K€ 00pa-
IIEHUST K METOJIy BBITIOJHSAIOTCS Pa3JIMUHbIC ICHCTBUS B 3aBUCUMOCTH OT THUIIA,
Ha KOTOPBIN CChUIAETCS YKa3aTelb B KKl MOMEHT BPEMEHHU.

6.4 BupTyaabHBIii 1eCTPYKTOP

s3bIke mporpammupoBanusi C++ necTpykTop noauMopdHoro 0a3zoBOro
KJ1acca JIOJDKEH OOBSABISTHCS BUPTYyaIbHBIM. TOJNBKO Tak 00ECIIeYMBAETCS KOP-
PEKTHOE pa3pyllieHne 00beKTa MPOM3BOAHOIO Kilacca uyepe3 yKa3areiab Ha COOT-
BETCTBYIOIIMIA 0a30BbIN KJlacc.
Paccmotpum cnenyrommii mpumep:

#include <iostream>
using namespace std;

BcrmomMoTraTesIbHEIM KJIACC
class Object

{

public:
Object () { cout << "Object::ctor ()" << endl; }
~Object () { cout << "Object::dtor ()" << endl; }

}i

BazoBem1 kJjacc
class Base

{
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public:

Base () { cout << "Base::ctor ()" << endl; }
virtual ~Base () { cout << "Base::dtor ()" << endl;
} virtual void print () = 0;

}i

[IpOMBBOOHEIN KJIACC
class Derived: public Base

{

public:
Derived() { cout << "Derived::ctor ()" << endl; }
~Derived () { cout << "Derived::dtor ()" << endl; }

void print () {}
Object obj;
}i

int main ()

{
Base * p = new Derived;
delete p;
return 0;

(YHKIMM main yKa3aTeto Ha 0a30BbIN Ki1acc MPUCBAUBAECTCS aipec AUHA-
MHUYECKH CO3/1aBaEMOro 00BEKTa MPOU3BOJIHOIO Kiacca Derived. 3aTeM yepe3
3TOT yKazareiab OOBEKT paspymaerca. IIpu 3ToM Hamuuue BUPTYAJIBHOIO Jie-
CTpyKTOpa 0a30BOro Kjiacca 00ecreqruBaeT BbI30BbI IECTPYKTOPOB BCEX KIACCOB

OKHJIAEMOM TOPSAJIKE, 8 UMEHHO, B TIOPSKE, 00OpPaTHOM BbI30BaM KOHCTPYKTO-
POB COOTBETCTBYIOIIUX KJIACCOB.
BbIBOJ porpaMMbl ¢ UCIIOJIB30BAaHUEM BUPTYAJIbHOTO AECTPyKTOpa B 0a30-
BOM KJ1acce OyJeT CIeAyOLUM:

Base::ctor ()
Object::ctor ()
Derived::ctor ()
Derived: :dtor ()
Object::dtor ()
Base::dtor ()

YHuuTo)eHrne 00beKTa MPOU3BOIHOIO Kjlacca 4epe3 yKaszaTesah Ha 0a30BbIi
KJIACC C HEBUPTYAJIbHBIM JECTPYKTOPOM JAET HEOIpEAEIEHHbIN pe3ynbrar. Ha
MIPAKTUKE ITO BBIPAXKAECTCS B TOM, YTO OyJIET pa3pyllieHa TOJbKO YaCcTh 0OBEKTa,
COOTBETCTBYIOIIAs 0a3oBoMy kjaccy. Ecnmm B kome BbIle yOpaTh KITIOYEBOE
CJIOBO virtual Mepea AeCTPYKTOpoM 0a30BOr0 Kiacca, TO BBIBOJ MPOTrPaMMBI
Oynet yxe uabiM. OOpaTUTEe BHUMaHUE, YTO WICH JaHHBIX obj Kilacca Derived
TaK)Ke HE pa3pyIlaeTcs.

Base::ctor ()
Object::ctor ()
Derived::ctor ()
Base::dtor ()
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Korna xe cnenyer oObABIATh JECTPYKTOP BUPTyalbHbIM? CyllecTByeT mpa-
BUJIO — €cIi 0a30BbIi KJIace MpeIHa3HayeH JUIsl MOJIMMOP(PHOTO UCIIOJIb30BAHNUS,
TO €ro JIECTPYKTOP JOJIKEH OOBABIATHCS BUPTyalbHbIM. J{J1s peanu3anuu Mexa-
HU3Ma BHUPTYaJbHBIX (YHKIMH KaXKIblii OOBEKT Kilacca XpaHUT yKa3aTellb Ha
Ta0-JIMIy BUPTYyaIbHBIX (DYHKIHMHA vptr, YTO YBEIUYMBAET €ro OOIIMI pa3mep.
OOBbIYHO, TP OOBSIBICHUH BUPTYAJIbHOTO JECTPYKTOpa TaKOM Kiacc y»Ke UMeeT
BUPTYyaJbHbIC (YHKIIUHU, U YBEIHMUCHUS pa3Mepa COOTBETCTBYIOIIETO 0ObEKTa HE
MIPOUCXO/IUT.

Ecnu e 6a30Bbli KJIacC HE MpeJHa3HAuYEH JIsl HOTUMOP(GHOTO HCIOJIb30Ba-
HUS (HE COACPKHUT BUPTYAIbHBIX (YHKIHI), TO €ro JEeCTPYKTOp HE JOJDKEH
00B-SIBISITHCS BUPTYATbHBIM.

6.5 AOGcTpaKkTHBIE KJIACCHI

Knacc, cogepxarmmuii XoTs ObI OJMH YUCTO BUPTYAIbHBIN METOJ, Ha3bIBACTCS
abcTpakTHBIM. AOCTpaKkTHBIE KJacchl NMpeAHAa3HAuYEHbl Il NPEICTaBICHUS 00-
IIUX TOHATHM, KOTOpBIE MPEAINOIaraeTcsi KOHKPETU3UPOBATh B MPOU3BOJHBIX
KJjaccax. AOCTpaKTHBIN KJIacC MOKET UCIOJIb30BaThCS TOJIBKO B KauecTBe 0a30-
BOI'O JUISl APYTHX KJIACCOB — OOBEKTHI aOCTPAKTHOIO Kjacca CO3/1aBaTh HEb3A,
MOCKOJIbKY TIPSIMOM MJIM KOCBEHHBIN BBI30B YUCTO BHPTYaJTbHOTO METOAA MPUBO-
JUT K OIIMOKE MPH BBIIOJIHEHUU.

[Tpu onpeneneHnn abCTPaKTHOTO Kjlacca HEOOXOJUMO UMETh B BUJY CIENLY-
Io1Iee:

AOGCTpaKTHBIH KJIacc HEb3sI UCIIOJIb30BATh IIPH SIBHOM NPHBEICHUH TUIIOB,
JUTSI OTIMCAHUS TUTIA TTapaMeTpa U THIa BO3BpaIIaeMoro (pyHKIMer 3HaueHUsI.

JlomyckaeTcst OOBSBISATh yKa3aTeJIM U CCHUIKU Ha aOCTPaKTHBIN KJlacc,
€CJIU TIPU MHULIUAJIM3AIUUA HE TpeOyeTCs CO3/1aBaTh BPEMEHHBIN O0OBEKT.

Ecnn knmacc, mpon3BOIHBIN OT aOCTPAaKTHOTO, HE ONPENEIISAET BCE YUCTO
BUPTyalbHbIE (QYHKIIH, OH TAK)KE SBISETCS aOCTPAKTHBIM.

Takum o0pazoM, MOKHO CO3/1aTh (YHKLHIO, TAPAMETPOM KOTOPOU SIBISIETCS
yKazaTenb Ha aOcTpakTHbI kiacc. Ha Mecto »3Toro mapamerpa mnpu
BBINIOJIHEHUU TIPOrPAMMBbI MOKET NEpeIaBaThCsl yKa3zaTeiab Ha OOBEKT J000T0
IPOU3BOJHOIO KJlacca. DTO IMO3BOJSET CO3/AaBaTh MOJUMOp(dHBIE (YHKIHH,
paboraroniue ¢ 00b-eKTOM JI000T0 TUIMAa B IpeiesiaXx OAHOW HepapXUu.
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MHOXECTBEHHOE HACJNEQOBAHUE B OOI

MHOXXECTBEHHOE HACJIEJOBAaHUE O3HAYAET, YTO KJIACC MMEET HECKOJBbKO
6a30-BbIX KiaccoB. IIpu 3ToM, ecnu B 0a30BBIX KiaccaX €CTb OJHOWMEHHBIC
AJIEMEHThI, MOXKET TMPOU30UTH KOH(MPIUKT WACHTHUPUKATOPOB, KOTOPHIH
YCTpPaHSAETCS C MOMO-IIBIO OTEpaIK JOCTya K 001aCTH BUAUMOCTH:

class monster

{
public: int get health();

}i
class hero
{
public: int get health();

}i
class being: public monster, public herof{
}; int main () {
being A;
cout << A.monster::get health();
cout << A.hero::get health();}

Hcnonp3oBaHue KOHCTPYKIHMM A.get health () HNpHUBEAET K OLIMOKE, IO-
CKOJIbKY KOMIIWJIATOP HE B COCTOSIHUU Pa300paThCs, METOJ KaKkoro u3 0a30BBIX
KJIACCOB TpeOyeTCsl BhI3BATh.

Ecnu y 6a30BbIX KJIAacCOB €CTh OOLIMH MPEIOK, 3TO MPUBEAET K TOMY, UTO
MPO-U3BOAHBIA OT ATHX 0a30BBIX KJacC yHacleAyeT ABa JK3eMIUIspa MoJiei
mpelKka, YTO Yallle BCEero SBJSETCS HeKenaTrenbHbIM. UTOOBI M30eXaTh Takon
CUTyalluu, TpeOyeTcss MpHU HACJIEI0BaHUU OOLIET0 MpelKa ONpPEIeIUTh €ro Kak
BUPTYaJIb-HBIN KJIACC:

class monster{ ... };
class daemon: virtual public monster{ ... };
class lady: virtual public monster{ ... };

class god: public daemon, public lady{ ... };

Knacc god conepKuT TOJIbKO OJIMH SK3EMIUISP IMOJIEH KJacca monster.

7.1 AJbTepHATHBA HACJI€I0BAHUIO

HacnenoBanue — 3T0 O4€Hb CIIOXKHAs TeMa, U Jaxe co3aareinb s3bika C++ b.
CrpaycTpyn peKOMEHIYeT Be3Jie, TJ€ 3TO BO3MOXKHO, 00X0IUThCs 0€3 Hero.

ANbTepHAaTUBOW HACIEIOBAaHMWIO TPU TMPOECKTUPOBAHMHM KJIACCOB SIBIISICTCS
BJIOKEHHUE, KOTJa OJJMH KJIacC BKIJIIOYAET B ceOs MouIs, SABISIOMIMECS KIACCaMU WIIH
yKazareasiMHu Ha HuX. Hanpumep, eciu ecTh Kitacce «JIBUraTelby, a TpedyeTrcs
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OMNUCATh KJIACC «CaMOJIET», JOTHYHO CIEJIaTh JIBUTATEIb MTOJEM 3TOrO Kiacca, a
HE €ro NpPeIKOM.

Bun BnoxeHus, Korga B Kjiacce OMUCAHO IM0Jie OOBEKTHOTO THUIA, HA3bIBAIOT
komno3unuen. Ecinu B kiacce onucan ykaszaTenb Ha 0OBEKT JPYroro Kiacca, 3TO
0OBIYHO Ha3bIBAIOT arperanueit. [Ipu koMmo3unuu Bpemsi )Ku3HU BCceX 0OBEKTOB (U
00BEMITIONIETO, U €ro MOoJei) OqUHAKOBO. Arperaius NpeacTaBisieT coboii 60-iee
c1al0yIo CBSA3b MEXIY OOBbEKTaMH, MIOTOMY YTO OOBEKTHI, HA KOTOPBIE CChLIA-I0TCS
NOJIsi-yKa3aTelld, MOTYT MOSBISATHCS M MCUE3aTh B TEUEHUE KU3HHU COJEP-XKAIIETOo
ux 00bEKTa, KpOME TOT0, OJIMH U TOT K€ yKa3aTeJb MOXKET CChUIAThCA HA OOBEKTHI
pasHBIX KJaccoB B Ipenaenax oaHOM uepapxuu. llone-ykazarenb MOXKET Takke
CCbUIaTbCS HE HAa OJMH OOBEKT, a HAa HEOIPEAEJICHHOE KOJIUYECTBO OOBEK-TOB,
Hampumep OBITh yKa3aTesieM Ha Hayaylo JIMHEWMHOTO CITHCKA.

7.2  OTan4usi CTPYKTYP U 00beTHHEHHUH 0T KJIacCcOB

CtpykTypbl (struct) U o0O0benUHEHHS (union) MPEACTABISIOT COOOMU
YaCTHBIC CITydan Ki1accoB. CTPYKTYPhI OTIMYAIOTCS OT KJIACCOB TE€M, YTO JOCTYII
K dJEMEH-TaM, a Takke 0a30BbIM KJAcC MpPU HACIEAOBAHUHM IO yMOJIYaHUIO
CUMTAIOTCS public. CTPyKTypbl TNPEANOYTUTEIbLHEE WCIOIB30BaTh IS
00BEKTOB, BCE 3JIE-MEHTBI KOTOPHIX JTOCTYITHBI.

Jloctynn B 00BEIMHEHUSAX TAKXKE YCTAHABIMBACTCS public, KpOME TOTO, B
HUX BOOOIIE HEJIb3s UCIOIb30BaTh crieluduKaTopsl goctyna. O0beguHEeHUE He
MO-)KE€T Y4YacTBOBaTh B HMEPAPXUHU KIACCOB. DIJIEMEHTaMH OOBEAMHEHUS HE
MOTYT OBITh OOBEKTHI, COJAEpXKAIHe KOHCTPYKTOPHI M JAECTPYKTOPHI.
OObemMHEHHE MO-XET WUMETh KOHCTPYKTOp M JIPYyTHE METOABI, TOJBKO HE
cTaTu4eckue. B aHOHUM-HOM 00bEIMHEHUH METOIbl ONTUCHIBAThH HEJb3.

7.3 PomOoBHIHOE HACIENOBAHUE

PomOoBuHOE HacienoBaHHE — CUTyaluss B OOBEKTHO-OPHEHTHPOBAHHBIX
S3BIKAX TPOTPAMMHUPOBAHUS C TIOJACPKKON MHOXECTBEHHOTO HACIEOBaHUS, KO-
I7a J1Ba Kjacca B ¥ C HacJeayIoT OT A, a KJIacC D HacJeIyeT OT 000MX KJIaccoB B

c. Ilpm 3TOM cxeme HaciaedOBaHUS MOYKET BO3HMKHYTh HEOJHO3HAYHOCTH:
€CJIM METOJl Kjacca D BBI3BIBA€T METOJ, ONPENECIECHHBIA B Kiacce A (M 3TOT
METO/ He ObUI MepeonpeesieH), a KIacchl B U C MO-CBOEMY MEpeonpeaenin
3TOT METOJI, TO OT KaKOro KJjlacca ero HacjaelI0BaTh: B WU C?
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[IpoGnema pomba mosyumsia CBO€ Ha3BaHHWE Oylarogaps O4YEPTAHUSAM Jra-
rpaMMBbl HACJIENOBAHUA KJIACCOB B OTOM CHUTyauMu. B maHHOW crarhe, Kiacc A
000-3HayaeTCsl B BUJI€ BEPIIUHBI, KJIACCHl B U C MO OTACIBHOCTH YKa3bIBAIOTCS
HUXKE, a D COSAMHSICTCS C 00OMMH B CAMOM HH3Y, 00pa3yst pomo.

C++ mo yMoJYaHWIO HE CO3/1aeT POMOOBHIHOTO HACJICAOBAHUS: KOMITHUIISTOP
00pabaThIBaeT KaXkIblii yTh HACEIOBAHUS OTACIBHO, B PE3yJIbTaTe 4Yero 00BEKT D
Oyzer Ha caMOM JieJie COJIepKaTh JIBa Pa3HBIX MOJO0BEKTa A, W MPU HCIOIB30-
BaHUM YWICHOB A MOTpeOyeTcs yka3aTh IMyTh HACJICAOBaHMs (B::A WM C::A).
YroObl creHepupoBaTh POMOOBUIHYIO CTPYKTYpy HACJICIOBaHUS, HEOOXOIUMO
BOCTIOJIb30BaThCSl BUPTYAIbHBIM HACIIEZIOBAHUEM KJlacca A Ha HECKOJBKUX ITyTSIX
HACJICJIOBAHHUS: €CJTM 00a HACJICIOBAHMSI OT A K B M OT A K C IIOMEYAIOTCS CIIEIH-
¢dukatopoMm virtual (Hampumep, class B : virtual public A), C++ cme-
[UAJIBHBIM 00pa30oM MPOCIIEIUT 3a CO3JaHUEM TOJBKO OJHOTO MOJ00BEKTA A, U
UCIIOJIb30BAaHUE WICHOB A OyJzieT paboTarh KOppekTHO. Eciu BupTyanbHOE U He-
BUPTYaJbHOE HACJIEAOBaHUS CMEIIUBAIOTCS, TO MOTYyYAEeTCsl OJIUH BUPTYaIbHBIN
MOJO0OBEKT A U MO OJHOMY HEBUPTYAJIbHOMY MOAOOBEKTY A ISl KaXKJIOTO MyTH
HEBUPTYAJILHOTO HacienoBanus K A. [Ipu BUPTyaabHOM BBI30BE METOJa BUPTY-
alpHOTO 0a30BOr0  KJIacca MCHOJIB3yeTCS TakK  Ha3blBaEMOE IMPABUIIO
JTOMUHUPOBA-HUS: KOMITWJISITOP 3alpellaeT BUPTYAJIbHBIM BBI30B METO/IA,
KOTOPBIN ObLT IIEpe-TPyKEH Ha HECKOJIbKUX My TSAX HACIeAOBaHUS.

BupryansHoe HacienoBanue B C++ — oJMH M3 BapHAHTOB HACJICJIOBAHUS, KO-
TOPBIA HYXCH JUIsI PEIICHUS] HEKOTOPBIX MPOOJIEM, TTOPOKIACMBIX HATMIHEM BO3-
MOXHOCTH MHOYKECTBEHHOTO HacjeA0BaHUA (0COOEHHO «POMOOBHIHOTO Hacle-
JOBAaHUS»), TYTEM pa3pelieHUusT HEOAHO3HAYHOCTH TOTO, METOIBI KOTOPOTO W3
KJIACCOB-TIPEIKOB HEOOXOJAMMO HCII0JIb30BaTh. OHO MPUMEHSICTCS B TEX CIydasx,
KOTJla MHO’XECTBEHHOE HACIJIeJJOBaHHE BMECTO IPEAIoJiaraeMoi IMOJHON KOMIIO-
3UIIUM CBOMCTB KJIACCOB-TIPEIKOB MPHUBOJUT K OTPAHMUYEHHUIO JOCTYIHBIX Hace-
JyeMbIX CBOWCTB BCIIEJICTBHE HEOJIHO3HAUYHOCTHU. ba3oBhIN Kiacc, Haclemxyembli
MHO>KECTBEHHO, OTIPEAEISETCS] BUPTYaTbHBIM C TIOMOIIBIO KIIFOUEBOTO CIIOBA
virtual.

PaccmoTpum crenyromuit mpumep:

class Animal

{
public:
virtual void eat(); // Meronm omnpemensgeTcs oJS OAHHOTO KJjacca.

}s

class Mammal : public Animal

{
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public:
virtual Color getHairColor();

i

class WingedAnimal : public Animal

{
public:
virtual void flap();

}s

class Bat : public Mammal, public WingedAnimal
{}; // Meron eat () He mepeonpenmesieH B Bat.

BBILICIIPUBEICHHOM KOJIE BBI3OB bat .eat () SIBISETCS HEOJHO3HAYHBIM.
OH MOKET OTHOCUTBLCS KaK K Bat: :WingedAnimal: :Animal: :eat () TaK M K
Bat::Mammal::Animal::eat (). Y KaXIoro IIPOMEKYTOYHOI'0 HACJICTHHKA
(WingedAnimal, Mammal) METOJ eat () MOXKET OBITh IEepeorpeneicH (3TO He
Me-HSIE€T CYLIHOCTb MPOOJEMBI C TOUKU 3peHus s3bika). [Ipobnema B TOM, 4TO
CEMaH-THKa TPAJULIMOHHOTO MHOECTBEHHOTO HACJIEIOBAHHS HE COOTBETCTBYET
MOJIE-TUPYEMO UM peaIbHOCTU. B HEKOTOPOM CMBICTE, CYIIHOCTh Animal
€IUH-CTBEHHA MO CYTH; Bat — 3TO Mammal M WingedAnimal, HO CBOMCTBO
KUBOTHOCTH JIeTyuyed MbIM (Bat), OHO K€ CBOHCTBO >KHMBOTHOCTH
MJIEKOTTUTAIONIETO (Mammal) M OHO K€ CBOMCTBO UBOTHOCTH WingedAnimal —
IO CYTH 3TO OJIHO U TO € CBOMCTBO.

[Ipn HacnegoBaHWM KJIAcChl MPEAKa M HACIEAHHKA MPOCTO MOMEIIAIOTCS B
na-MsTU JpYyT 3a ApyroMm. Takum oOpa3oM OOBEKT Kilacca Bat ATO HA CaMOM
JeJe IOCIENOBATEILHOCTE OOBEKTOB KJIACCOB (Animal, Mammal, Animal,
WingedAnimal, Bat), pa3MEIICHHBIX MOCJCIOBATECIbHO B MaMATH, MPH 3TOM
Animal TMOBTOPSAETCS ABAXIbl, YTO U MPUBOAUT K HEOJJTHOZHAYHOCTH.

Mo>kHO TIepeonpeaeUuTh UCXOIHbBIE KIIACCHI CIEAYIOIIMM 00pa3oM:

class Animal

{
public:
virtual void eat();

}i

// Two classes virtually inheriting Animal:
class Mammal : public virtual Animal // <—-- KJIOUEeBOEe CJIOBO
virtual
{
public:
virtual Color getHairColor();

}s

class WingedAnimal : public virtual Animal // <==— KJIOUEBOE CJIOBO
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virtual

{
public:
virtual void flap();

b

class Bat : public Mammal, public WingedAnimal {};

Tenepsp, 4acTh Animal 00BEKTa KJIacca Bat::WingedAnimal Ta K€ camad,
YTO M 4aCTh Animal, KOTOpas UCIOJB3YETCA B Bat : : Mammal, U MOXXHO CKa3aTh,
YTO Bat MMEET B CBOEM IIPEACTABIICHUH TOJBKO OJHY YacTh Animal WU BBI30OB
Bat::eat () CTAaHOBUTCS OJHO3HAYHBIM.

BupryansHoe HacnemoBaHMe pealM3yeTcs depe3 JoOaBlIEHUE YyKaszaTelei Ha
BUPTYaJbHYIO TaONMUIly vtable B KJIACCHI Mammal M WingedAnimal, 3TO JeNa-€TCs B
YACTHOCTH TOTOMY, YTO CMEIICHUE MaMATH MEXIY HauyaaoM Mammal M €r0 Animal
YaCTH HEW3BECTHO Ha JTalne KOMIWISIMU, a BBISICHACTCS TOJBKO BO  BpeMs
BBITIOJIHEHUSI. Takum 00pa3oMm, Bat NpeACTaBiIsSeTCs, Kak (vtable*, Mam-mal,
vtable*, WingedAnimal, Bat, Animal) Ih%lyKaBaTeHH vtable Ha 00BEKT
YBEITMYUBAIOT pa3Mep 00bEKTa Ha BEJIMUMHY JBYX YKazaTelel, HO 3TO oOecreyn-BaeT
€IMHCTBEHHOCTh Animal M OTCYTCTBHE MHOTO3HayHOCTU. HyXHBI 1Ba yka-3atens
vtables: MO OJHOMY Ha KaXJOTO MpeaKa B HUEPApXUU, KOTOPHIA BUPTY-albHO
HaCHeﬂyeHHIUFAnimal:OﬂHHJﬂUIMammalIIOﬂHHJUHIWingedAnimal.BCGO6B€KTH
KJlacca Bat OyJyT UMETh OJIHM M T€ K€ yKa3aTeldu vtable*, HO KaXKJbIH OTAEIbHBIN
00BeKT Bat OyaeT coiepaTh COOCTBEHHYIO peanu3aiuio o0bekTa Animal. Ecmm
KaKoW-HUOYIb IPYyToil Kiacc OyneT HacleAoBaThCs OT Mammal, HampuMep Squirrel
(benmka), TO vtable* B 00BEKTe Mammal OOBEKTa Squirrel OYAET OTIMYATHCS OT
vtable* B OOBEKTE Mammal OOBEKTa Bat, XOTA

0co0OM ciIydae OHHU MO-TIPESKHEMY MOTYT OBITh OJIMHAKOBBHI IO CYTH: KOTJa
4acTh Squirrel 0OBEKTa UMEET TOT XK€ CaMbli pa3Mep, YTO M YacTh Bat, I1O-
CKOJIbKY, TOTJla PacCTOSIHUE OT peaju3allid Mammal JO YacTH Animal OyJeT
onu-HaKoBbIM. Ho camu BupTyaidbHble TaONMIBI vtables OyAyT Bce Xke
pa3HBIMU, B OTJIMYKE OT pacriojaraeMoil B HUX HH(popMaIu 0 CMEIICHUSIX.
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LUABNIOHbI ®YHKLIUN

8.1 Hcnoab3oBanue ma6J0HOB (QYHKIHIA

[Mpu cozmannu (yHKIMK MHOTJA BO3HUKAIOT CHTYyalllW, KOrna JBe (YHKIIUU
BBITIOJIHAIOT OJMHAKOBYIO 00pabOTKy, HO pabOTalOT ¢ pa3HBIMH THUIIAMHU JAHHBIX
(HampuMep, OJIHA KCIIONIb3YeT TMapaMeTpbl THUMA int, a Apyras THma float). Bbl
YK€ 3HaeTe, YTO C MOMOIIbI0 MEXaHWU3Ma IMeperpy3kd (QYHKIUH MOKHO HCIIOJb-
30BaTh OJJHO U TO YK€ UMs JUIs (DYHKIIUH, BHIIOJHSIOIIUX Pa3HbIC ICHCTBUS U MMeE-
IOIIUX pa3HbIe TUMBI TapamMeTpoB. OIHAKO, ecr PYHKIUU BO3BPAIIAIOT 3HAYC-HUS
pasHbIX THUIIOB, BaM CJICAyeT WCIOJb30BaTh JJIi HUX YHHKAJIbHbIC HMMEHA.
[TpenmnonoxuM, HapuUMep, YTO y Bac €CTh (PYHKIUSI C IMEHEM max, KOTOpas BO3-
BpalaeT MaKCUMaIIbHOE U3 JIBYX IEJIbIX 3HaUYeHui. Eciu mo3xe Bam morpedy-ercs
nozio0Hast (QyHKIWs, KOTOpas BO3BpAaIlaeT MaKCHMAJIbHOE W3 JIBYX 3HAYCHUH C
TUTaBAIONICH TOYKOMW, BaM CJIEIyeT ONPEACIUTh APYTyi0 (QYHKIMIO, HAIpUMED
fmax.

[[Tabsion ompexaensieT HaAOOp ONEPaTOPOB, C MOMOIIBI0 KOTOPHIX Ballld MPO-
IpaMMBbI TT03KE MOTYT CO3AaTh HECKOIBKO (DYHKIIUH.

[Iporpammbl 4acTO UCHOJIB3YIOT MIA0IOHBI (DYHKIIHM /ISl OBICTPOTO OIpejie-
JICHUS] HECKONBKUX (DYHKIMH, KOTOPHIE C TOMOIIBIO OJMHAKOBBIX OTEPAaTOPOB
pa-00TaloT ¢ TapamMeTpaMH pas3HbBIX THUIIOB WJIM UMEIOT pa3HbIe THIIbI
BO3BpAIlla€MbIX 3HAYCHUU.

[[TaGnoub! QyHKIMI UMEIOT crieruUIHbIE UMEHA, KOTOPhIE COOTBETCTBYIOT
UMeHU (QYHKIIMH, UCTIONh3yEMOMY BaMH B IIPOTPaMMe.

[Tocne Toro kak Baia mporpamma ornpeaenuia 1mabioH (QyHKIMH, OHA B
Janb-HEHUILIEM MOKET CO3/1aTh KOHKPETHYIO (PYHKIMIO, UCIIOJIBb3YS ATOT 11a0JI0H
JUISL  3aJjaHusl TPOTOTHUIA, KOTOPBIM BKIIOYAET HUMs JIAHHOTO Ia0JIOHa,
BO3BpaiaeMoe GyHKIMeH 3HaU€HHUE U TUITBI TApaMETPOB.

npoiiecce KoMMuisiuu koMnuisitop C++ OyaeT co3naBaTh B Baliel mpo-
rpaMme (QYHKIMA C HWCMOJb30BAaHWEM THUIIOB, YKa3aHHBIX B MPOTOTHUIIAX
(GyHKIUNA, KOTOPBIE CCHIIAIOTCS HA UMSI 11a0JIOHA.

[[TaGnoHb! PYHKIMH UMEIOT YHUKAJIbHBIN CUHTAKCUC, KOTOPBIM MOKET ObITh
Ha MepBbIi B3I HenoHsATeH. OHAKO MOCe CO3/1aHusl OHOTO WIIM JIBYX 11a0-
JIOHOB BBl OOHAPYKUTE, YTO PEATbHO UX OYEHD JIETKO MCIOJIb30BATh.
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8.2 Co3naHue nmpocToro madjaoHa pyHKuu

IOMOIIBIO TAaKOro Ima0bjoHA Balld IPOrpaMMbl B JalIbHEHIIIEM MOTYT
OIpe-JIeUTh KOHKpETHbIC (PYHKIMH ¢ TpeOyeMbIMU THIamMu. Hampumep, HUXKe
ompe-zneiacH madaoH aiasi (QYHKIHMHM ¢ MMEHEM max, KOTOpas BO3BpallaeT
OoJpITiee U3 ABYX 3HAUCHUM:

template<class T> T max(T a, T b)
{
if (a > b) return(a);

else return(b);

BykBa T naHHOM ciy4ae npejacraBisieT coooi obmmii Tun mabiaona. Ilocne
onpeaeneHus madiaoHa BHYTPH Ballleld TPOrpaMMbl Bbl OOBSBISETE MPOTOTUIIBI
GyHKIMI 115 Kaxkaoro Tpedyemoro BaMm Tumna. B ciiydae mabnoHa max cienyro-
[[1E MPOTOTUIIBI CO3AAI0T (DYHKIIMH TUIA float U int.

float max(float, float);

int max(int, int);

Korpa xommwisitop C++ BCTPETUT 3TU MPOTOTUIBI, TO MPU MOCTPOCHUH
(GYHKUIMM OH 3aMEHUT THUN 11abJIoHa T YKa3aHHBIM BaMu TUIOM. B ciydae ¢ Tu-
oM float QYHKIHUS max IMOCTE 3aMEHbBI IPUMET CIIETYIOIINI BU;

template<class T> T max (T a, T b)
{
if (a > b) return(a) ;

else return(b);

float max(float a, float b)
{
if (a > b) return(a) ;

else return(b);

Cnenyromast nporpamma MAX TEMP.CPP ucnonb3yeT mabdyioH max AJis
co-37aHusl QYHKIMH TUMA int U float.

template< typename T >
OPOTOTUIl: WAaBJIOH SOrt oOOBABJIEH, HO He OIpenejiéH

void sort( T array[], int size);
template< typename T >
void sort( T arrayl[], int size ) // oBBgBJIEHME ¥ OlNpelnesieHue
{

T t;

for (int 1 = 0; 1 < size - 1; i++)

for (int j = size - 1; 3 > i; j--)
if (array[j] < arrayl[j-11)
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t = arrayl[j]l;
arrayl[j] = array[j-1];
array[j-1]1 = t;
}
}
int i[5] = { 5, 4, 3, 2, 1 };
sort< int >( i, 5 );

char c[] = "6Brma";
sort< char >( ¢, strlen( c ) ):;

sort< int >( ¢, 5 ); // ommbka: y sort< int > napamerp int[] a He char][]

int 1[5] =

{5 4, 3, 2, 1 };
sort( i, 1 + 5

) // BHBEIBaeTCcsa sort< int >

char c[] = "6Brma";
sort( ¢, ¢ + strlen( c ) ); // BHBBHIBaeTCca sort< char >

#include <iostream.h>
template<class T> T max(T a, T b)
{

if (a > b) return(a):;

else return(b);
}
float max(float, float);
int max (int, int);

void main (void)
{
cout << "MakcumyMm 100 m 200 paren " << max (100, 200) <<
endl; cout << "MaxcumyMm 5.4321 m 1.2345 paBen "
<< max(5.4321, 1.2345) << endl;

MpoLecce KOMOWISIUN KOMIIISTOp CH++ aBTOMaTUYECKH CO3/IaeT Orepa-
TOPBI ISl TOCTPOCHUSI OJHOM (PYHKIMHU, paboTaroleld ¢ TUIIOM int, U BTOPOU
dbyukiuu, padortaromieit ¢ Tunom float. Ilockonpky xomnunsarop C++ ynpas-
JSIeT olepaTopamH, COOTBETCTBYIOIIUMH (YHKIUSM, KOTOpbIE BBl CO3JAETe C
[O-MOILIbIO I11a0JIOHOB, OH TO3BOJISIET BaM HCIOJB30BaTh OJMHAKOBBIE MMEHa
Uil GYHKUMNA, KOTOPbIE BO3BPAIAIOT 3HAYEHUsI Pa3HbIX TUMOB. Bbl HE cMoriu
OBbI 3TO caeNaTh, UCMOJb3YS TOJBKO MEPErpy3Ky QPyHKIHUIA.

8.3 Hcnoab3oBaHue mAa0J0HOB PYHKIUIA

[To Mepe TOro Kak BallM MPOTPAMMBI CTAHOBSITCS 0OoJiee CIOKHBIMHU, BO3-
MOXHBI CUTyalliH, KOT/la BaM MOTPeOYIOTCS MOA0OHBIE (PYHKIUU, BBIMTOJIHSIONINE
OJIHU U T€ K€ Ollepalyuu, HO C pa3HbIMU TUNamu AaHHbIX. [[labnon QyHkMM 1M03-
BOJISIET BaIllUM MpOTpaMMaM OIPENeNsiaTh OOIIyI0, WM TUIIOHE3aBUCUMYIO, (DYyHK-
uuto. Korna nporpamme TpeOyeTcsi UCIONb30BaTh (PYHKIUIO JJIsE ONPEAEIEHHOTO
THUIIA, HATIPUMEDP int WU float, OHA YKA3bIBAET MPOTOTUI (PYHKIIMH, KOTOPHIN
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UCIOJIb3YeT UMS 1absoHa GYyHKIIUU U TUIBI BO3BPAIAEMOT0 3HAYEHUS U Mapa-
meTpoB. B npouecce komnmisanun C++ co31acT COOTBETCTBYIOIIYIO (DYHKIIUIO.
Co3znaBasi 11a0JIOHBI, BBl YMEHbIIIAETE KOJIMYECTBO (DYHKIIMMA, KOTOPHIE JTOJKHBI
KOJMPOBATh CAMOCTOSTENIBHO, a Ballld MPOrpaMMbl MOTYT MCIOJIb30BATh OJTHO U
TO e UMS JUIsl QYHKIUH, BBIMOIHSIONIUX OMPEICICHHYIO ONepaluio, He3aBH-
CHUMO OT BO3BpamaemMoro (GyHKIMeH 3Ha4eHNs U TUIIOB MapaMeTPOB.

8.4 Illa6a0HbBI, HCTOJb3YWOIINE HECKOJIbKO THIIOB

[Ipenpinymiee ompeaeneHue mabnoHa Uil (YHKIMHM mMax HCIOJIb30BaJo
€AMHCTBEHHBIN oOmmi Ttum T. OueHb 4acTo B ma0ioHe (QYyHKIUH TpeOyeTcs
yKa-3aTh HECKOJBbKO THUTOB. Hampumep, crienyromme omnepatopsl CO3Aar0T
mabmoH g (QYHKIMU show array, KOTOpas BBIBOJUT DSJEMEHThI MacCHBA.
[IlaG0H HC-OAB3YyET TUN T JUIsl OMpENECHUs] THUIa MAacCHBa W TUI T1 JJIs
yKa3aHUs TUIIA TTapaMeTpa count:

template<class T,class Tl> void show array(T *array,Tl

count) {
Tl index;
for (index =0; index < count; index++) cout << array[index] << '
'; cout << endl;

Kak u panee, mporpamma J0bKHa yKa3aTh TPOTOTUITBI PYHKITUHN 115
TpeOye-MbIX THUIIOB:

void show array(int *, int);
void show array(float *, unsigned);

Crnenyromas nporpamma SHOW TEM.CPP ucnons3yer ma6aoH 115 co3/ia-
HUS (PYHKIIHUHA, KOTOPBIC BEIBOIAT MAaCCHBBI THIIA int M THNA float.

#include <iostream.h>

template<class T,class T1l> void show array( T *array,Tl count)

{
Tl index;
for (index = 0; index < count; index++) cout << array[index] << '
‘; cout << endl;

}

void show array(int *, int);

void show array(float *, unsigned);

void main (void) {
int pages[] = { 100, 200, 300, 400, 500
}; float pricesH = { 10.05, 20.10, 30.15
}; show array(pages, 5);
show array(prices, 3);
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8.5 IIIa0/1I0HBI M HECKOJIBLKO THIIOB

[To mMepe Toro kak Ima0JIOHBI (PYHKIIMH CTAHOBSTCS 00Jiee CIOXHBIMH, OHH
MOTYT 0OecrneunTh MOJACPKKY HECKOJIbKMX TUnoB. Hampumep, Baiia nmporpamma
MO>KET CcO3/1aTh MIa0J0H AN (PyHKUMU C UMEHEM array sort, KOTOpas COpPTH-
pyeT 3JeMEeHThl MaccuBa. B maHHOM ciydae (yHKIHS MOXKET HCIOIb30BaTh JBa
rmapamMeTpa: MepBbIM, COOTBETCTBYIOIIMN MAaCCUBY, U BTOPOH, COOTBETCTBYIOIIUMI
KOJIMYECTBY 3JEMEHTOB MaccuBa. Eciau mporpamma mpeamnonaraer, 4To MacCHUB
HUKOra He OyaeT coaepxath Oosiee 32767 3Ha4yeHU OHA MOKET HCIOJIb30BaTh
TUI int Ui TIapaMmeTpa pasMmepa maccuBa. OmgHako OoJjiee yHUBEPCAIbHBIN 1M1a0-
JIOH MOT OBl TIPEIOCTaBUThH MPOrPaMMe BO3MOXKHOCTh YKa3aTh CBOW COOCTBEHHBIN
THII 3TOTO MTapaMeTpa, KaK MOKa3aHO HUXKE:

template<class T, class T1> void array sort(T array[], T1
elements) {
oInnepaToOPH

}

NOMOUIbI0 MIA0JIOHA array sort IpOrpaMMa MOXET cO3[aTh (QYHKLUUHU
KO-TOpBIE COPTUPYIOT MaJICHbKHE MAcCUBBI THNA float (MeHee 128 anemMeHTOB)
¥ OYEHb OOJIBLIIME MACCHUBBI TUIA int, UCHOJB3YS CIEAYIOIINE IPOTOTHUIIBL:

void array sort(float, char);
void array sort(int, long);

template< class T1, // mapamMeTp-Tumn
typename T2, // mapamMeTp-Tumn
int I, // mapameTp OOHUHOTO TUIlA
Tl DefaultValue, // mapamMeTp OOHUHOT'O TUIIA
template< class > class T3, // napameTp-mabjoH
class Character = char // mapamMeTrp [0 YMOJIYaHMUIO
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LUABJTOHbI KITACCOB

[ITaGyoH Ki1acca MO3BOJISAET 3a1aTh Kiacc, NapaMeTpU30BaHHbBINA THIIOM JIaH-
HeIX. [lepenaya Kiaccy pasMuHBIX TUIIOB JAaHHBIX B KAa4eCTBE IIapaMeTpa CO-
3/1a€T CEMEICTBO pPOJICTBEHHBIX KiaccoB. Hambonee mmpokoe NpUMEHEHHE
m1a0-J10HBl HAaxXOJAT MPU CO3JaHMM KOHTEHHEpHBIX KiaccoB. KoHTelHEpHBIM
Ha3bIBa-€TCA KJIACC, KOTOPBIA MpeAHa3HAYeH JUIsl XPaHEHHUS KaKUM-JIHUOO0
o0pa3oM oOpra-HM30BaHHBIX JaHHBIX MU paboTel ¢ HUMH. lIpenmymiectBo
UCIOJIb30BaHUs 11a0J0-HOB COCTOUT B TOM, YTO KaK TOJIBKO alITOPUTM pabOThI €
JAHHBIMHU ONpPENENIEH M OTJIAXKEH, OH MOXET NPUMEHATHCS K JIIOOBIM THIaM
JaHHBIX 0€3 MepenuChIBaHUs KOJIa.

9.1 Co3aanue madJI0HOB KJIACCOB

PaccMoTpum mpouecc co3gaHusi 11a0JOHA Kiacca Ha MPUMEPE JBYCBA3HOTO
crucka. [lOCKONBKY CHHUCKH YacTO MPUMEHSIOTCS JUIsl OpraHu3aliy JaHHbBIX,
yI0OHO OmMHcaTh CIUCOK B BUJE KJacca, a TaK KaK MOXKET MOTpeOOBaThCs XPAaHUTh
JaHHBIC PA3TUYHBIX TUIIOB, ITOT KJIACC JOJHKEH ObITh MapaMeTPU30BAHHBIM.

CHauasia pacCMOTPHUM HEMapaMeTPU30BAHHYIO BepcHio kiacca. CIUCOK co-
CTOUT U3 Y3JIOB, CBSI3AHHBIX MEXKJYy COOOM ¢ MOMOIIbIO ykazaTteneil. Kaxabrit
y3€Jl XpaHWUT LEJI0€ YHCIO, SBISIIONIEECS KIYOM chucka. Onuiem
BCIIOMOTaTEJIbHBIN KJIACC I MPEACTABIICHUS OJJHOIO y3Ja CIIHCKA:

class Node
{
public:
int d; // IaHHBE
Node *next, *prev;//YkaszaTenu Ha NPEIHOyUIMM U [NOCIEOYIOWMNA Y 3IIEl
Node (int dat = 0)
{ d = dat; next = 0; prev = 0; } // KOHCTPYKTOP
}i

[Tockonpky 3TOT Kiacc OyneT omucaH BHYTPH KJlacca, MPEICTABIISAIOIIETO
CIMCOK, TOJI1 JUIsi MPOCTOTHI JOCTylla U3 BHEIIHEro Kiacca CJIeJIaHbl
JOCTYIMHBIMU (public). DTO MO3BOJIAET 00OWTHCH Oe3 (yHKUMI AocTyna u
n3MeHeHus nosei. HazoBewm kiace crmcka List!

class List
{
class Node{ ... };
Node *pbeg, *pend; // YkasaTenu Ha HadaJio M KOHel, CIMCKa
public:
List() { pbeg = 0; pend = 0; } // KoHCTpPyKTOp
~List () ; // IecTpyKTop
void add(int 4d); // IobapjieHue y3Jjla B KOHEL CIMCKa
Node * find(int 1); // [Iorck y3Jjla IO KJIYY
Node * insert (int key, int d); //BcraBka y3ja d nocje y3ja C KJIHOUOM
key
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bool remove (int key); // YpaneHue ys3Ja
void print(); // TleyaTh CIOKCKa B IPAMOM HalpaBJIeHUM
void print back(); // TeuaTb cmnmucka B OOPATHOM HAMPAaBJIEHUU

bi
PaccmoTrpum peanu
IO/T HOBBIM O0BEKT THTA Node W MPUCOCAUHSIET €r0 K CIIMCKY, OOHOBJISAS yKa3a-
TEJIH Ha €ro Hayvaj) U KOHEI:

void List::add(int d)
{
Node *pv = new Node(d); // BuOejieHue MNaMATHM IO HOBBEM y3en 1if
(pbeg == 0)
pbeg = pend = pv; // TlepBbi y3eJ Comcka
else
{
pv->prev = pend; // CBsa3bHBaHME HOBOTO y3Jia C [IPeIbIyLM
pend->next = pv; pend = pv;
} // OBHOBJIeHMe yKasaTeJid Ha KOHEell CIMCKa
}

MGTOII find BBINOJIHACT IIOMCK y3Jla C 3aJaHHBIM KJIHOYOM M BO3BpallacT
YKa-3aTCjib Ha HCTO B CJIy4Yadc YCIICHIHOI'O ITOMCKa H 0B cilIydac OTCYTCTBHA
TAKOI'0 y3Jjia B CITMCKC:

Node * List::find( int 4d )
{
Node *pv = pbeg;
while (pv)
{
if (pv->d == d)
break;
pv=pv->next;
}

return pv;

Merton insert BCTaBISIET B CIIMCOK Y3€J MOCIJE y3Ja C KJIIFOYOM key U BO3-
BpAaIllA€T yKa3aTelb HA BCTABJICHHBIM y3el. Eciam Takoro ysia B CIUCKE HET,
BCTABKA HE BBINOJIHIETCS U BO3Bpauaercs 3HaueHue 0:

Node * List::insert(int key, int d)
{
if (Node *pkey = find(key))
{
[louck y3Jjla C KJouoM key
/* BHOeJIeHVe MNaMATU MO HOBBIM y3eJl UM eI'0 MHUIUAIM3ALUS
*/ Node *pv = new Node (d);
/* YcTaHOBJIeHME CBS3M HOBOTO y3Jia C IIOCJEeIYIUMM
*/ pv->next = pkey->next;
YCTaHOBJIEHVE CBSA3M HOBOTO y3Jjia C
npenunymyM pv->prev = pkey;
YCTaHOBJIEHVE CBSA3M NPEmHOyNEero y3Jja C
HOBEIM pkey->next = pv;
if( pkey != pend)
(pv->next)->prev = pv; /* YCTaHOBJIEHME CBA3M IOCJEOyoWeTo y3Jja C
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HOBEBIM */
OBOHOBJIEHME yKas3aTejid Ha KOHel, CIMCKa, eClM y3eJl BCTAaBJIAEeTCH B
KOHel]
else pend =
pv; return pv;
}

return 0;

Meto remove yAalsieT y3el ¢ 3aJJaHHBIM KJIIOUOM M3 CIIHCKA M BO3BpaIIaET
3HAQYEHUE true B CIy4yae YCHEIIHOTO YJaJeHUs U false, €CIH y3€Jl C TaKUM
KJIFO-YOM B CITMCKE HE HAUJICH:

bool List::remove (int key) {
if (Node *pkey = find(key)) {

if (pkey == pbeq)

{ // Ynmanenue u3 Hadaja
cnmucka pbeg = pbeg->next; pbeg->prev = 0;

}

else 1if (pkey == pend)

{// YmaneHue m3 KOHLA cHoMcka pend =
pend->prev; pend->next = 0;

}

else

{ // Ynanenme mu3 cepemuHb chOucka (pkey->prev)-
>next = pkey->next;
(pkey->next) ->prev = pkey->prev;

}

delete pkey; return true;

}

return false;

MCTOI[BI neyaTu CIircCKa B IIpsAMOM U O6paTHOM HaIpaBJICHUHA ITO3JICMCHTHO
IIpOCMATPUBAIOT CIIMCOK, IICPCXOAA 110 COOTBCTCTBYIOIIHNM CCBLIKAM:

void List::print() {
Node *pv = pbeg;
cout << endl << "list: ";
while (pv) {
cout << pv->d << ' ';
pv=pv->next; }
cout << endl;
}
void List::print back() {
Node *pv = pend;
cout << endl << " list back: ";
while (pv) {
cout << pv->d << ' ';
pv=pv->prev;
}

cout << endl;

JlecTpyKTOp criMcKa OCBOOOXAAET MaMSTh U3-TI0J BCEX €r0 AJIEMEHTOB:

List::~List () {
if (pbeg !'= 0) {
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Node *pv = pbeg;
while (pv)
{pv = pv->next; delete pbeg; pbeg = pv;}

Hwxe npuBeneH mpumep mporpaMmbl, UCHOJb3YyIOMEH kiacc List. IIpo-
rpamma (HOpMHUpPYET CIHCOK W3 5 YHCEN, BBIBOJUT €r0 Ha JKpaH, JA00aBIseT
YUCJIO B CIIUCOK, yAAJSET YUCIO U3 CIIMCKA U CHOBA BHIBOJUT €0 Ha dKpaH:

int main ()

{

List L;

for (int 1 = 2; 1i<6; i++) L.add(i);
L.print(); L.print back(); L.insert(2,200);
if (!L.remove (5))cout << "not found";
L.print(); L.print back();}

Knacc List mpeaHasHaueH Ui XpaHEHUs LeNbIX yucesl. YToObl XpaHUTh B
HEM JIaHHBIE JTH000ro TUMa, TpeOyeTcss ONMcaTh ATOT KIACC KakK A0JIOH U nepe-
JaTh TUI B Ka4€CTBE MapaMeTpa.

9.2 CuHTAKCHC ONMMCAHHUS IIA0JI0HA

[I1abyoH Kjlacca HaYMHACTCS C KJIIOYEBOI'O CJIOBA template. B YTIJIOBBIX
CKO0O-KaX 3aIiChIBAIOT ImapaMcCTpPhI mabJioHa. HpI/I HCIIOJIL30BaHNHN IIa0JI0HA Ha
MCCTO 3THUX IIapaMCTpPOB ma6n0Hy Nepeaar0TCA apryMCHTBI: TUIIBI 1 KOHCTAHTHI,
IICPC-4HUCIICHHBIC UCPEC3 3aIIATYIO.

template <onmcaHre mnapamMeTpoB mabjioHa> class uMd
{ /* onpememnenue kjacca */ };

Tunel MOTYT OBITh KaK CTAaHIAPTHBIMH, TaK U OMPEEICHHBIMH OJIH30BATE-
neMm. JIns Ux omucaHus B CIHMCKE MapaMeTPOB HCIIONIB3YETCS KIIFOYEBOE CIIOBO
class. B mpocrenmeM ciydae OQHOTO Mapamerpa 3TO BBINVIIAUT KaK <class
T>. 31ech T SBISETCA MapaMeTpoM-THIOM. MMs mapameTpa MOXKET OBITh
M00BIM, HO TMPUHATO HAYMHATH €ro ¢ mpedukca T. BHyTpu kiacca-mradioHa
mapamMeTp MOJKET TMOSBIATBCS B TEX MECTax, TJIe pa3pemiacTcsl yKa3bIBaTh
KOHKPETHBIN THII, HAIPU-MeEp:

template <class TData> class List {
class Node{
public:
Thata d;
Node *next;
Node *prev;
Node (TData dat = 0) {d = dat; next = 0; prev = 0;}
}i
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Kiacc Thata MOXKHO paccMaTpuBaTh Kak mapameTp, Ha MECTO KOTOPOTro Mpu
KOMOWISMUA OyJIeT MOJICTaBICH KOHKPETHBIM TUMN JaHHBIX. [lomyuuBrumiics
Ia0JI0HHBIN KJIACC UMEET TUI List<TData>.

Metonpl madJiOHa KJIacca aBTOMATHYECKH CTAHOBATCSA IIAOJIOHAMH
dbyukuii. Ecaium meron omuchiBaeTcs BHE IIA0JIOHA, €r0 3arojOBOK JOJDKEH
HUMETh CJICAYIO-IIHE JIEMEHTHI:

template <onmcaHme napamMeTpoB mabjoHa>

BO3BP TUI MMA_Kjacca <HapaMeTpel mabjoHa >::
uMa QyHKUMM (COMCOK NapaMeTpoB OyHKLMMK)

[Ipore paccMOTPETh CHHTAKCUC ONMCAHHS METOJIOB IIa0JI0OHA Ha IpUMepe:

template <class Data> void List <Data>::print ()

{ /* mTeno dyuxumm */ }

Onucanue napaMeTpoB 11a0JI0Ha B 3ar0JIOBKE (DYHKIIUU JTOJKHO COOTBET-
CTBOBaTh I1a0JIOHY KJ1acca.

JlokanbHBIE KJIACCHI HE MOTYT MMETH ITIA0JIOHBI B KAYECTBE CBOMX DJIEMECH-
TOB.

[IT1aG10HBI METOIOB HE MOTYT OBITh BUPTYAIbHBIMH.

[[TaG0HBI KJTACCOB MOTYT COJIEPIKATh CTATUUECKHE DJIEMEHTHI, IPYIKe-
CTBEHHBIC ()YHKIIMH U KJIACCHI.

[[Ta610HBI MOTYT OBITH MMPOU3BOJAHBIMH KaK OT IIA0JIOHOB, TaK U OT OOBIY-
HBIX KJIACCOB, a TaK)Ke SBIISITHCS 0a30BBIMHU U IS IIA0JIOHOB, U I OOBIYHBIX
KJIACCOB.

BayTpu mabnona Henb3si ONpeaestsTh friend-MA0JIOHBI.

Ecnmu y mabmoHa HECKOJIBKO IMapaMeTpPOB, OHU TIEPEUHCIISIOTCS depe3 3ars-

Ty1o. KimtoueBoe ClioBoO class TpeOyeTcs 3amuchIBaTh Mepes KakIbIM MapaMeT-
pOM, HarpuMep:

template <class T1l, class T2>

struct Pair { Tl first; T2 second; };

[TapameTpam 11a0JI0HHOTO KJlacca MOXKHO MPUCBAWBATh 3HAYEHUS MO YMOJI-
YaHWIO, OHU 3aIMCHIBAIOTCS TOocie 3Haka =. Kak U ama oObIYHBIX (DYHKIIHM,
3a7]a-BaTh 3HAYEHHUSI 110 YMOJYAHUIO CIEAYET, HAUUHAs C MPABBIX NapaMETPOB.

Hwxe npuBeaeHO MOJHOE OMUCAHUE MTAPaMETPU30BAHHOIO KJIacca JABYCBSI3-
HOI'O CIIMCKA List.

template <class TData> class List

{

class Node

{

public:
Thata d;
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Node *next, *prev;
Node (TData dat 0) {d

next

dat; =
bi
Node *pbeg,

public:
List () {pbeg
~List () ;
void add(Thata d);
Node * find(TData 1i);
Node * insert (TData key,
bool remove (TDhata key);
void print();
void print back();

}i

*pend;

0; pend 0}

TData d);

template <class TData> List <TData>:
{
if
{

~Li

(pbeg !=0)

Node *pv
while (pv)

{pv pv->next;

pbeg;

delete pbeg; pbeg

}

template <class TData> void List <TData>
{

Node *pv = pbeg;
cout << endl << "list: ";
while (pv)

{

|l L

’

cout << pv->d <<
pv pv->next;
}
cout << endl;
}

template <class TData> void List <TData>
{

Node *pv = pend;
cout << endl << " list back: ";
while (pv)

{

|l T .

’

cout << pv->d <<
pv = pv->prev;
}
cout << endl;
}

template <class TData> void List <TData>
{

Node *pv = new Node (d);
if (pbeg == 0)pbeg = pend = pv;
else

{
pv->prev = pend;
pend->next pv;
pend pv;

}

}

template <class TData> Node * List <TData>

0; prev = 0;}

st ()

pv;}

::print ()

::print back()

::add (Thata d)

::find( TData d)
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Node *pv = pbeg;

while (pv)

{
if (pv->d == d) break;
pv = pv->next;

}

return pv;

}

template <class TData> Node * List <TData>::insert (TData key, TData
d) |
if (Node *pkey = find (key))
{
Node *pv new Node (d) ;
pv->next = pkey->next;
pv->prev = pkey;
pkey->next = pv;
if( pkey != pend) (pv->next)->prev = pv;
else pend = pv;
return pv;
}
return 0;

}

template <class TData> bool List <TData>::remove (TData key)
{
if (Node *pkey = find (key))
{
if (pkey == pbeq)
{
pbeg = pbeg->next; pbeg->prev
}
else if (pkey == pend)
{
pend = pend->prev; pend->next
}
else
{
(pkey->prev) ->next
(pkey->next) ->prev

Il
o

Il
o

pkey->next;
pkey->prev;

}
delete pkey; return true;
}

return false;

Ecau TpebOyercst ucnosib30BaTh MIA0MOH List JJI XpaHEHUs JAaHHBIX HE
BCTPOEHHOTI'0, a ONPEJIECIICHHOIO MOJIb30BaTeJIEM THUIA, B €r0 OMUCAaHUE HE00XO-
UMO J00aBUTh TIEPETPY3KY OINEpariii BHIBOJA B TIOTOK M CPaBHEHHUS Ha PaBEH-
CTBO, @ €CJIM JJISI €r0 MOJIEN UCIOJIb3YEeTC TUHAMUYECKOE BBIJCICHUE MaMSITH,
TO W OTIEPAINIO TPHUCBAUBAHMUS.

[Ipu ompenenieHn CMHTaKcHUca 11abJioHa OBLIO CKa3aHO, YTO B HETO, KPOME
TUIIOB, MOTYT IEpe/iaBaThCs KOHCTaHThl. COOTBETCTBYIOIIMM MMapaMeTpoM Iad-
JIOHA MOKET OBITh:
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NEpPEeMEHHasl 11eJIOT0, CUMBOJIBHOTO, OyJIEBCKOTO WM MEPEYHCIUMOTO
THUTIA;

yKa3zaTellb Ha 00bEKT WK yKa3aTeslb Ha (DYHKIIHIO;

CCBhUTKA Ha OOBEKT WJIM CChUIKA Ha ()YHKIIHIO;

yKa3aTellb Ha 3JIEMEHT KJjlacca.

Tene mabioHa Takue MapaMeTphbl MOTYT IPUMEHSITHCS B JIFOOOM MECTe,
/i€ JOMyCTUMO UCIOJIb30BaTh KOHCTAHTHOE BBIPaKEHUE.

KauyecTBE MpUMeEpa CO3/1aJIuM IabJIOH KJacca, CoJeprKallero 010K namsiTu
ONPEIEIICHHON JJIMHBI U TUIA!

template <class Type, int kol> class Block

{

public:
Block() {p = new Type [kol];}
~Block () {delete [] p:
operator Type *();
protected:
Type * p;
}i
template <class Type, int kol>

Block <Type,
{

return p;

}

kol>:: operator Type * ()

KJ1acca-1mabiioHa MOTYT OBITh JPY3bsi, U 1A0JIOHBI TOXKE MOTYT OBITh APY-

3bsiMu. Kitacc MOxeT ObITh 00BSIBIICH BHYTPH 11a0JIOHA, a IIa0JI0OH — BHYTPU Kak
KJlacca, Tak U 1mabsoHa. EqMHCTBEHHBIM OrpaHUYEHUEM SIBIISIETCS TO, YTO I1a0-
JIOHHBIN KJIACC HENb3s OOBSBIATH BHYTpU (yHKIuH. B noboM kiacce, Kak B
OOBIYHOM, TaK U B IIA0JI0HE, MOKHO OOBSIBUTEL MeTOA-111a0110H. Ilocie co3ganus

OTJIa/IKH IA0JIOHBI KJIACCOB yA00HO NOMEILIATh B 3aI0JI0BOYHBIE (hailIbl.

9.3 MHcnoab3oBaHue MA0JOHOB KJIACCOB

UtoOsl co3/aTh TpU MOMOIIY 11a0JI0HAa KOHKPETHBIA OOBEKT KOHKPETHOTO
KJIacca, TPy ONMCaHUKM 00BEKTa T0CJIe MMEHHU I1abJIoHa B YTJIOBBIX CKOOKax Iie-
PEUHUCTISIOTCS ero (PaKTHIECKHEe MapaMeTphl:

uMsa_mabiioHa <QaKTrUecKMe MapameTph>
uMsa_oOBeKTa (napaMeTphl KOHCTPYKTOpPa) ;

Ilpouecc CO3aaHNA KOHKPCTHOI'O KiiacCa u3 1mabJioHa IMyTEM IIOJACTAHOBKH

ap-TYMEHTOB Ha3bIBAa€TCsl MHCTAHIIMPOBaHUEM I1absioHa. ms mabiona BMecTe
¢ (akTHYeCKMMH TIapaMeTpaMH MOXXKHO BOCTIPMHHMATh KaK YTOYHCHHOE HMMS
kiacca. [Ipumepsl co3ganust 0OBEKTOB IO MIa0JI0HAM:

List <int> List int;
List <double> List double;

// CHUCOK LEJIEIX UYMCeJl

// CHMCOK BElleCTBEHHBIX YUCeJl
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List <monster> List monster; // cnomucok oBBEKTOB Kjlacca monster

Block <char, 128> buf; // 6J0K CHMBOJIOB

Block <monstr, 100> stado; // BJjok OOBEeKTOB KJjlacca monster
Pair<int, int> a; // oOBbaBJIEHME MapPHl LIEJIEIX

Pair<int, double> b; // obbaBjieHMe Mapsl "LeJEli, BelleCTBEHHBI"
Pair<int, double> b = { 1, 2.1 }; // oObaBJeHME C MHMLMAJIMIALMENA
Pair<string, Date> d; // apryMEeHTH — [IOJIb30BATEJIbCKME KJIACCH

IIpH HCII0JIB30BAHHUHN HapaMETp0B1H36HOHa 10 YMOJIYaHHUIO CIIMCOK apryMcCH-
TOB MOXKCT OKa3aTbCsA IIYCTBIM, ITPH 3TOM YIJTIOBBIC CKOOKH OITyCKaTb HECJIb34:

template<class T = char> class
String; String<>* p;

JI1s1 KaXK10r0 MHCTAHIIMPOBAHHOTO KJjlacca KOMIIMJISATOP CO3/1aeT UMsI, OTJIH -
qarolieecs ¥ OT UMEHHU I1a0JIOHa, M OT UMEH JPYTUX MHCTAHIMPOBAHHBIX KJlac-
coB. TeM camMbIM Ka)XJbli MHCTAHIIMPOBAHHBIN KJIACC ONMpEIEseT OTACIbHbBIN
tun. B kiacce-mabioHe pa3pemieHo OOBSBISATH CTATHYECKUE METONAbl U
CTaTU4e-CKUE TOJISI, OJTHAKO CJIEAYET YUYECTh, YTO KaXIbIii MHCTAHIIMPOBAHHBIM
KJ1acc 00-J1amaeT COOCTBEHHON KOMUEN CTATUYECKUX DJIIEMEHTOB.

[locne co3maHus OOBEKTOB C HUMH MOXHO paboTaTh Tak e, Kak C
00bEeKTaMH OOBIYHBIX KJIACCOB, HAIIPUMED:

for (int 1 = 1; i<10; i++)List double.add(i*0.08);
List double.print();

f =

for (int 1 = 1; i<10; i++)List monster.add(i);
List monster.print();

[/ mmm e e

strcpy (buf, "OueHb BaxHOe

cooBmenme"); cout << buf << endl;

Jlns1 ynpoImeHus NCIob30BaHus IabJIOHOB KJIaCCOB MOYKHO NMPHUMEHUTH T1e-
PEMMEHOBAHUE TUIIOB C MOMOIIBIO typedef:

typedef List <double> Ldbl;
Ldbl List double;

9.4 SBHas cneuuaau3anus WA0GJIOHOB

Crneunanuzanusi maOJIOHOB SBISIETCS OJHOM M3 HETPUBHAIBHBIX BO3MOXKHO-
cteil si3pika C++ U UCMONb3yTCsl B OCHOBHOM MpH co3aanuu Oubnuorek. [Ipeano-
JIO’)KUM, YTO MBI XOTUM H3MEHUTH IIA0JIOH Kjacca List TOJMBKO IJIsl MMapaMeTpoB
TUMA int, TOrAa HEOOXOIUMO 3a/1aTh SIBHYIO CIIELUATN3aIHIO Ia0I0HA:

template<> class List<int> { ... }; // int - apryvmenT wabjsoHa.

Temnepb MOXKHO IHCATh METOABI U TIOJIS CIIEUAIBHON peann3aluu I int.
Taxkas cnenmanu3anus oObIYHO Ha3bIBaeTCs noarol cneyuanuzayue (full
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specialization mnu explicit specialization). [{nst 60bIIMHCTBA TPAKTHUECKUX 3a-
7a4 OOJIBIIIETO HE TpeOyeTcs.

Cornacno ISO cranpapty C++, co3naB crielMaIu3uPOBAHHBIN 11a0I0HHBIH
KJIaCC MBI CO3Ja€M HOBBIM 1Ia0JOHHBIN Kiacc. Cnenualin3upoBaHHbIN 1a0JI0H-
HBIM KJIACC MOKET COJIEP’KaTh METOJIbI, MOJI WM OOBSIBICHUS TUIIOB KOTOPHIX
HET B IIA0JOHHOM KJlacce KOTOPBIM MBI clienuaau3upyeM. Y o0HO, Korna
HY’KHO 4YTOOBI METOJ| IIA0JIOHHOTO Kiacca paboTan TOJIBKO sl KOHKPETHOMN
CHelHanu-3allid  — JOCTaTOYHO OOBSBUTH METOJ TOJBKO B  OITOU
cHenuaIn3alry, OCTAIBHOE CAEIAET KOMITUIISATOP:

template<> class List<int> {

void removeAlllessThan(int n); // MeTon OOCTyNeH TOJIBKO IJIS
List<int>
}i

W3 Toro, 4ro cnenuain3upoOBaHHBIN IAOJIOHHBIN KJIacC 3TO COBCEM-COBCEM
HOBBIM U OTHEIBHBIN KJIACcC, CIENYET, YTO OH MOYKET UMETh OTJAECIIbHBIC, HUKAK
HE CBSI3aHHBIE C HECTIELIMATU3UPOBAHHBIM 1IA0JIOHHBIM KJIACCOM MapaMeTph:

template< typename T, typename S > class B {};
template< typename U > class B< int, U > {};

Takast crienpanu3sanys madioHa, IpU KOTOPOH 3a1aeTcsi HOBBIN CIMCOK Mapa-
METPOB M 4Yepe3 ITU MapaMeTPhl 3aJal0TCs apryMEHThI IS CICHHATIN3alii Ha3bl-
BaeTcs vacmuunot cneyuaausayuen (partial specialization).

9.5 JlocToMHCTBA M HEAOCTATKH IIA0JI0HOB

[[Ta6G0HBI MPEACTABISIIOT cO00i MoIIHOE M A(DPEKTUBHOE CpeACTBO obOparre-
HUSl C PA3IMYHBIMU TUNAMH JIaHHBIX, KOTOPOE€ MO>KHO Ha3BaTh MapaMeTpPHUECKUM
Mo TMMOP(PU3MOM, 00ECIIEUNBAIOT 0€30MacHOE HMCIIOJIH30BAHUE THIIOB, B OTIMYHE
OT MaKpOCOB TpernpoIeccopa, U SBISAIOTCS BKyIe ¢ a0jJoHaMu (YHKIHMHA Cpel-
CTBOM peajm3ali ujaed OO0O0OIICHHOTO MPOrpaMMHUPOBAHUS M METAIPOTPAMMHU-
poBanus. OgHAKO ClIeyeT UMETh B BHUJY, YTO TH CPEICTBA MpeIHA3HAYCHBI IS
IPaMOTHOTO WCIOJIL30BaHUSI U TPEOYIOT 3HAHHUS MHOTHX TOHKOcTed. [Iporpamma,
MCTIOJNIB3YIONIas MAOIOHBI, COACPKHUT KOJ IJIST KaXJI0T0 MOPOKIACHHOTO THIIA, YTO
MOJKET YBEIIMYHUTH pazMep ucrosHseMoro Qaiina. Kpome TOro, ¢ oIHUMU THIIAMU
JaHHBIX 11a0JIOHBI MOTYT paboTaTh HE Tak 3(PPEeKTHUBHO, KaK ¢ ApyruMu. B stom
CJIy4ae UMEET CMBICI UCTIONh30BaTh CIICIUATM3AIIHIO A0JI0HA.

CranpgaptHas 6ubimorteka C++ mpemocTaBisieT OONbIION HA0Op MIA0JIOHOB
JUTSL pa3JIMYHBIX CITIOCOOOB OpraHU3AIMK XPAaHEHUS U 00PaOOTKH TaHHBIX.
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OBPABOTKA UCKITHOYEHUN

O06paboTKa UCKITIOUEHUI — 3TO MEXaHU3M, MMO3BOJISIOUINI IBYM HE3aBHCHMO
pa3paboTaHHBIM IPOrPAaMMHBIM KOMIIOHEHTAM B3aUMOJICHCTBOBATh B AaHOMAJlb-
HOW CUTyallu{, Ha3bIBa€MOW MCKIIOYEHHEM. B 3T0il riaBe Mbl pacckakeM, Kak
reHepUpPOBaTh, WIM BO30YXKIaTh, UCKIIOYCHHE B TOM MECTE MPOTPAMMEI, TJe
MMEET MECTO aHOMaJMs. 3aTeM Mbl MOKaXEeM, KaK CBS3aTh catch-00pabOTUHK
HCKIIFOYEHH C MHOXECTBOM HMHCTPYKLUMH MPOrpPaMMBbl, HUCIIONb3YysS try-OJIOK.
[ToToM peus moiier o cnenupUKauy UCKIIIOUEHUN — MEXaHU3ME, C TIOMOILBIO
KOTOPOTO MOJKHO CBfI3aTh CIIMCOK HCKJIIOYEHMH C OOBsABICHUEM (YHKLUUHU, U
(GYHKIMS HE CMOXKET BO3OYAUTh HUKAKUX JIPYTUX UCKIIOYEHUH. 3aKOHUUTCA dTa
rnaBa OOCYXXICHHEM pEIIeHUI, MPUHUMAEeMbIX TNpPU MPOCKTHPOBAHUHU IIPO-
IpaMMbl, B KOTOPOM UCIIONIB3YIOTCS UCKITFOUEHUSI.

VckirroueHne — 3T0 aHOMAJIbHOE TIOBEICHHUE BO BPEMSI BBIIIOJIHEHUS, KOTOPOE
nporpaMma MOKeT OOHapyXUTb, HanpuMep: aejaeHue Ha 0, BBIXOJ 3a TPaHMIIbI
MaccHUBa WM UCTOLIEHUE CBOOOAHOW MmaMsaTH. Takhe WCKIIIOUEHHS] HAPYIIAIOT
HOpPMAaJbHBINA X0/ PabOTHl MPOTPaMMBbI, M HAa HUX HYXHO HEMEIJIEHHO OTpearu-
poBatb. B C++ umeroTcst BCTpOEHHBIE CpeicTBa JUIsl MX BO30YyKJIeHus u oOpa-
060Tku. C MOMOIIBIO 3TUX CPEACTB aKTUBU3MPYETCS MEXAHWU3M, MO3BOJIIOIINN
JByM HECBS3aHHBIM (WJIM HE3aBUCHMO pa3pabOoTaHHbIM) (parMeHTaM Ipo-
rpaMMbl 0OMEHUBATHCS UH(pOpManuen 00 UCKITIOUEHHH.

Korna BcTpewaercs aHOManbHasi CUTYyallMsl, Ta 4acTh MPOTPaMMBbl, KOTOpas
ee OOHapyXuia, MOKET CTEeHEpUPOBaTh, WIH BO3OYAUTH, UCKItOUEeHUE. UTOOBI
HO-HATh, KaK 3TO MPOUCXOAUT, pEATU3yEM IIO-HOBOMY KJacC iStack, UCIONb3Ys
HC-KJIFOUEHUs [IJIl U3BelleHUss 00 omwulOkax mnpu paboTe CcO CTEKOM.
Onpenenenue kiacca:

#include
class iStack {
public:
iStack( int capacity )

: _stack( capacity ), _top( 0 ) { }

bool pop( int &top value );
bool push( int value );

bool full();
bool empty () ;
void display();

int size();
private:
int top;
vector< int > stack;

}i
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Crek pealin30BaH Ha OCHOBE BEKTOpa M3 3JIEMEHTOB Tuma int. [Ipu co3manum
0o0BeKTa KJlacca iStack €ro KOHCTPYKTOP CO3/JaeT BEKTOP M3 int, pa3Mep KOTO-
poro (MakCHMAaJIbHOE YMCIIO AJIEMEHTOB, XPAHSIIUXCS B CTEKE) 3a/aeTCS C IMOMO-
b0 HAYAJILHOTO 3HaueHus. Hanpumep, creayromias HHCTPYKITUS CO3AaeT 00b-€KT
myStack, KOTOPBIA CIIOCOOEH coeprKaTh He Oosee 20 AIeMEHTOB THTIA int:

iStack myStack (20) ;

[Tpu MmarUTYIAIHSIX ¢ 00BEKTOM myStack MOTYT BO3HUKHYThH JIBE OIIMOKH:
3ampamImBaeTcs ONnepanus pop (), HO CTEK MYCT;
onepaius push (), HO CTEK MOJIOH.

Br3BaBmyo QyHKIMIO HY)XKHO YBEIOMHUTH 00 3THUX OIMIMOKAaX MOCPEICTBOM
nckimoueHun. C 4ero ke HayaTh?

Bo-nepBbiX, MbI JOJKHBI ONPEEINUTh, KAKME UMEHHO HCKJIIOYEHHUS MOTYT
ObITh BO30YXkeHbl. B C++ OHHU 4aille BCero peajanu3yroTcsl ¢ TOMOIIbIO KJIaCCOB.
Mgl onpenenum ABa U3 HUX, YTOOBI MCIOJB30BATh MX KaK WCKIIOUCHHUS IS
Kjacca iStack. OTH oOmpeneNieHus Mbl TOMECTHMM B 3arojIOBOYHBIN (paiin
stackExcp.h:

// stackExcp.h
class popOnEmpty { /* ... */ };
class pushOnFull { /* ... */ };

3aTeM Hag0 M3MEHUTH ONMpeAciICHUS (DYHKIUH-YICHOB pop () M push () Tak,
9TOOBI OHU BO30Y KIIaIM 3TH UCKITFOUYCHHMS. [[7151 3TOT0 NpeaHazHadeHa HHCTPYK-IIHS
throw, KOTOpas BO MHOTHX OTHOIICHHUSX HAIOMHUHAET return. OHa COCTOUT W3
KJIFOUEBOTO CJIOBA throw, 332 KOTOPBIM CJIETyET BBIPAKEHUE TOTO YK€ TUIIA, YTO
THIT BO30Y’K/1aeMOT0 UCKIIFOUeHUs. Kak BBITISAIUT HHCTPYKIMS throw JJIS
bynkumu pop () ? [lonpoOyem Takoil BapuaHT:

YBE, B3TO He COBCEM IPaBMIIEHO
throw popOnEmpty;

COXKaJICHHUIO, TaK HeNb3s. VICKIroueHue — 3T0 00bEeKT, M (DYHKITUS pop ()
JIOJKHA TEHEpUPOBATh OOBEKT Kilacca COOTBETCTBYIONIErO Tuna. BeipaxkeHue B
WHCTPYKIIMM throw HE MOXET ObITh MPOCTO TUMOM. J[Jis co37aHus HY>KHOTO
00Bb-eKTa HEOOXOMMO BBI3BATh KOHCTPYKTOp Kiacca. MHCTpyKIus throw s
(yHK-1IMU pop () OyAET BBITTIAAETH TaK:

MHCTPYKLUMUS SBJISETCS BE3OBOM KOHCTPYKTOpPA
throw popOnEmpty () ;

DTa UHCTPYKITUS CO37aeT OOBEKT UCKIIIOUCHUS TUITA popOnEmpty.
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HamomuauM, 4T0 PyHKUMH-UIIEHBI pop () M push () OBUIM OMpPEAENICHbI Kak
BO3BpaIIaloNIUe 3HAYCHUE THUIA bool: true O3HAYAJI0, YTO OMEPAIHs 3aBEPIIIH-
JIach YCICITHO, a false — YTO MPOM30IUIA OomnOKa. [locKoIbKyY Teneps ISl nu3-
BEIIICHUSI O HEyJlaue pop () U push () HUCHOJB3YIOT UCKIIOUYEHHUS, BO3BpaIaTh
3HaYeHue HeoOs3aTenbHO. [loaToMy MBI OyneM cuuMTaTh, 4TO 3TH (DYHKIIUHU-
YJICHBI MIMEIOT THII void:

class iStack

{
public:

foJsbie He BO3BpallaloT 3HAYEHUA
void pop( int &value );
void push( int value );
private:
//
}i

Temnepb (yHKITUMH, TOJB3YIOMIUECS HAIIMM KJIACCOM iStack, OyayT Mpearno-
JaraTh, YTO BCE XOPOIIIO, €CIIM TOJIBKO HE BO30YKJICHO HCKITIOUEHUE; UM OOJIbIIIe
HE HAJI0 MPOBEPATH BO3BPAIICHHOE 3HAYCHUE, YTOOBI Y3HATh, KaK 3aBEPIINIACH
omepaiusi. B AByX cleayromux pas3aenax Mbl MOKa)KeM, KaKk OnpenenuTh (PyHK-
U0 1T 00pabOTKM HMCKJIIOUCHMM, a celiyac MpeACTaBUM HOBBIC PeaIM3alluH
(GyHKIMI-YJIEHOB pop () M push () Kjacca iStack:

#include "stackExcp.h"

void iStack::pop( int &top value )
{
if ( empty() )
throw popOnEmpty () ;

top value = stack[ -- _top ];

cout << "iStack::pop(): " << top value " endl;
}

void iStack::push( int value )

{

cout << M"iStack::push( " << value << " )\n";

if ( full() )
throw pushOnFull ( value );

_stack[ top++ ] = value;

XOTs UCKJITIOUEHHUS Yalle BCEro MpeCTaBsoT co00il 00BEKTHI THIIA Kilacca,
MHCTPYKIHUS throw MOXET T'€HepupoBaTh O00BEKTHI JitoOoro tuna. Hampumep,
(GyHKUMS mathFunc () B CIEIYIOIIEM MNpUMEpPE BO30YXKIAET HUCKIIOUYEHHUE B
BUJI€ O0BEKTA-TIEPEUHUCIICHUS . DTO KOPPEKTHBINA KoJ CH++:
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enum EHstate { noErr, zeroOp, negativeOp, severeError };
int mathFunc( int 1 ) {
if (1 == )

throw zeroOp; // uckioueHme B BUOe OOBEKTa-NE€PEUUCIIEHUS

// B NPOTMBHOM CJllydae MOPOIOJIXaeTCcd HopMalibHaa obpaboTka

Halllel MporpamMMe TECTUPYETCS ONPEICTCHHBIA B MPEABIIYIIIEM pa3ielie
KJIacc iStack M €ro QyHKIMU-WIEHBI pop () U push (). Bemonnsercsa 50 nrepa-
unil nukna for. Ha kaxaon urepanuu B CTEK MOMENIAETCS 3HAYEHUE, KPATHOE
3:3,6,9 u 1.0. Ecu 3nauenue kpatHo 4 (4, 8, 12...), TO BBIBOJUTCS TEKYIIEe
co-JIep)KUMoe cTeka, a eciim kpatHo 10 (10, 20, 30...), To ¢ BepIIMHBI CHUMAETCS
OJIUH 3JIEMEHT, MOCJIE Yero COACPKMMOE CTEKa BBIBOJIUTCS CHOBAa. Kak Hy»XHO
M3-MEHUTh (QYHKIUIO main (), 4YTOOBl OHa oOpabaThiBajga HUCKIIOYEHUS,
B030YyXMae-Mble QyHKIUIMHU-UYJICHAMH KJlacca i Stack?

#include
#include "iStack.h"

int main () {
iStack stack( 32 );

stack.display ()
for ( int ix = 1; 1ix < 51; ++ix )
{
if (ix % 3 == 0 )
stack.push( ix );
if ( ix % 4 == )
stack.display () ;

if (ix $ 10 == 0 ) {
int dummy;
stack.pop ( dummy ) ;
stack.display () ;
}
}

return 0;

WNHCcTpyKIMK, KOTOpbIE MOTYT BO30YKIaTh HCKIIOUEHHUS, JOJKHBI OBITH 3a-
KJIIOYCHBI B try-0JI0K. Takoi OJOK HAYMHAETCSA C KIIOYEBOrO CJIOBa try, 3a KO-
TOPBIM HJIET TOCJIEIOBATEIHPHOCTh HMHCTPYKIUN, 3aKialoueHHas B (UTYpPHBIC
CKOOKH, a TMOCJe 3TOT0 — CIMHUCOK 00pabOTYMKOB, HA3BIBAEMBIX catch-TIpeaIoxKe-
HUSIMU. Try-OJIOK TPYNIHPYET WHCTPYKIUU MPOTPAMMBbI U aCCOIMUPYET C HUMHU
oOpaboTunku uckioueHud. Kyna HyXHO NOMECTUTh try-O0JI0OKH B (yHKUUU
main (), 4TOOBI ObUTM 00PaOOTAHBI UCKITIOUEHUSI popOnEmpty U pushOnFull?

| for ( int ix = 1; ix < 51; ++ix ) {
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try {// try-6i0ox mna uckaodeHurr pushOnFull
if ( ix % 3 == )
stack.push( ix );

}
catch ( pusOnFull ) { ... }

if (ix $ 4 == )
stack.display () ;
try {// try-6sox nnsa MCKJIOUeHMM popOnEmpty
if (ix % 10 == ) |
int dummy;
stack.pop ( dummy ) ;
stack.display () ;
}
}
catch ( popOnEmpty ) { ... }

TaKoOM BHJI€ ITporpaMMa BBITIOTHSETCS KOppeKkTHO. OnHako 00paboTka uc-
KIIFOUCHUI B HEH TIEPEeMEKaeTCs ¢ KOJOM, MCTIOIB3YIOMMMCS TP HOPMaJIbHBIX
00CTOSITEILCTBAX, A TaKasl OpraHU3aIlis HECOBEpIICHHA. B KOHIE KOHIIOB, HC-
KIIFOUEHHUS — 3TO aHOMAaJIbHbIE CUTYaIlMH, BOZHUKAIOIUE TOJIBKO B OCOOBIX CIy-
yasx. JKemarenpHO OTAENUTH KOJ M OOpaOOTKH aHOMaiWii OT KOja,
pean3yIo-IIero Oonepamuu co CTeKoM. MBI moyaraem, 4To MOKa3aHHAs HUXKE
cxema 00JIeT-4aeT YTeHHEe U COTIPOBOKICHHUE MMPOTPAMMBI:

try {
for ( int ix = 1; ix < 51; ++ix )
{
if (ix % 3 == )
stack.push( ix );
if ( ix % 4 == )
stack.display () ;

if (ix % 10 == ) Ao
int dummy;
stack.pop ( dummy ) ;
stack.display () ;

}
}
catch ( pushOnFull ) { ... }
catch ( popOnEmpty ) { ... }

try-0JIOKOM acCCOIIMUPOBAHBI JIBA catch-TIPEAJIOKEHUS, KOTOPHIE MOTYT
00paboTaTh UCKIIOUEHUS pushOnFull U popOnEmpty, BO30YkKAaeMble (DYHKIIU-
SIMU-YJICHAMU push () U pop () BHYTpH 3TOro 0soka. Kaxaeiii catch-o0padboT-
YUK OTMPEETSeT TUI «CBOEro» UckmoueHus. Ko nus o0paboTKu UCKITIOUEHUS
MOMEIIAETCS] BHYTPh COCTABHOM MHCTPYKUMHU (MEXIY (PUTypHBIMU CKOOKaMH),
KOTOpast ABJISIETCS YaCThiO catch-o0OpaboTunka. ([logpoOHee catch-mipeoxke-
HUS MBI PACCMOTPHUM B CJICIYIOIIEM pa3ere. )

Hcnomaenre nporpaMMbl MOXKET ITIOMTH 10 OJHOMY U3 CIEAYIOLIUX Iy TEU:
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€CJIM UCKJIOYEHHE HE BO30YXKIEHO, TO BBIMOIHAETCS KOJ BHYTPH try-
0JIoKa, a acCOIMUPOBAHHBIC C HUM OOPaOOTYMKH HTHOPHUPYIOTCS. DYHKIUS
main () Bo3Bpamaet O;

ecnu (PYHKIUSA-4ICH push (), BbI3BAaHHAas W3 IEPBOM WHCTPYKIUH if
BHYTpH ITUKJIA for, BO30YXKIACT HUCKIIFOYCHHE, TO BTOPAs U TPEThSI HHCTPYKITUU
if WTHOPUPYIOTCSA, VYIPaBJICHHE IOKHMIACT IUKJI for H try-OJIOK, H
BBITIOJTHSIETCSI 00paOOTYHMK UCKITFOUCHUN TUTIA pushOnFull;

ecinu (PYHKIUS-YJIeH pop (), BBbI3BaHHAs HU3 TPETbeH HWHCTPYKIMH 1if
BHYTPH IHUKJIA for, BO30OYXIAET UCKIIOUCHHE, TO BBI30B display () UTHOPHUPY-
€TCsl, yIPaBIICHNE TTOKUIACT UK for U try-0JI0K, ¥ BRITIOTHAETCS 00padOTINK
HUCKIIIOYEHUN TUIIA popOnEmpty.

Korna Bo30y:kmaeTcsi HCKIIFOUCHHUE, MPOITYCKAIOTCS BCE MHCTPYKITUH, CIIEIY-
IOIIKE 3a TOM, TJIe OHO OBLIO BO30Y>k/IeHO. VcroaHenne mporpaMMbl BO30OHOB-
JseTCs B catch-00paboTurke 3Toro uckimodeHus. Eciau takoro oopaboTunka He
CyIIEeCTBYeT, TO VyIpaBlieHHE Tepeaaercss B (DYHKIUIO terminate (),
OTIpE/ICNICH-HYIO B CTaHAapTHOW OmOioTreke C++. Try-0JI0K MOXKET coaepkKaTh
m00yI0 MH-CTPYKIMIO si3bika C++: Kak BbIpaKe€HUs, TaKk U oObsBicHUsA. OH
BBOJIUT JIOKaJb-HYIO 00JIAaCTh BUJIUMOCTH, TaK YTO OOBSIBJICHHBIE BHYTPH HETO
IepEMEHHBIC HE-JIIOCTYIIHBI BHE 3TOro 0OJIOKa, B TOM 4YHCIE€ U B catch-
oOpaboTunkax. Hampumep, QyHKIMIO main () MOXHO MEpenucarb TakK, 4YTO
OOBSBIICHHE MEPEMEHHON stack OKaxeTcs B try-0ioke. B TakoMm ciyuae
oOpaiaTbcs K 3TON MEPEMEHHOM B catch-00paboTYnKaxX HEJb3s:

int main () {
try {
iStack stack( 32 ); // TNpaBUJILHO: OOBABJIEHME BHYTpM try-6Joka

stack.display () ;
for ( int ix = 1; 1ix < 51; ++ix )
{
// TO %e, UTO M paHble
}

}
catch ( pushOnFull ) {

// 3mecbp k nepeMeHHOM stack ofpamarbcsd HeJb3d
}
catch ( popOnEmpty ) {

// 3mecb k mnepeMeHHOM stack ofpamaTbcs HeJb3s

}

1 30echb K nepeMeHHOM stack obpamarbcsa
Henb3sa return O;

MoxkHO 00BABUTH (DYHKIIHIO TaK, YTO BCE €€ TeJI0 OyAET 3aKIF0UYEHO B try-
onok. [Ipu 3TOM He 00s13aTeIBPHO MOMEIIATh try-0JIOK BHYTPh ONMPEISICHUS
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byHKIIMH, yI100HEe 3aKIIOYUTh €€ Telo B (DYHKIMOHAJIBHBINA try-0sok. Takas
Op-TaHW3allUsg TMOAJEPKMBAET Hamboiee YUCTOE pas3ieleHue Koja s
HOPMaJIbHOK 00pabOTKH M Ko/1a Jisi 00paboTku ncKiroueHui. Hammpumep:

int main () {

try {
iStack stack( 32 ); // TpaBUJIBbHO: OOBABJIIEHME BHYTPU try-6JOKa
stack.display () ;
for ( int ix = 1; ix < 51; ++ix )

{

// TO %e, UTO M paHblle

}

return 0;
}
catch ( pushOnFull ) {
// Bmechp k mepeMeHHOM stack ofpamaTbcs HeJb3s
}
catch ( popOnEmpty ) {
// Bmecbp k mepeMeHHOM stack ofpamaTbcs HeJb3s

10.1 ITepexBaT MCKIOYCHUI

s3bike C++ ucKiItoueHus oO0padaThIBAIOTCS B MPEIJIOKEHUAX catch.
Koraa xakas-To MHCTpYKLHSI BHYTpU try-0JI0Ka BO30YKJa€T UCKIIIOUEHHE, TO
IPO-CMAaTPUBAETCSl CHUCOK MOCIEAYIOIMMNX MNPEMJIOKEHUN catch B MOHMCKaxX
TaKOro, KOTOPBI MOXKET €ro 00padoTaTh.

Catch-00pabOTUYMK COCTOMT M3 TPEX YACTCH: KIIIOYEBOTO CIIOBA catch, 00bB-
SIBIICHUSI OJTHOTO THTIAa WJIM OJHOTO OOBEKTa, 3aKIFOYCHHOTO B KPYTJIbIC CKOOKH
(oHO Ha3bIBaeTCs OOBSIBICHUEM HCKITFOUEHHS ), U COCTAaBHON MHCTpYKImK. Eciu st
00pabOTKM HCKIIOUYEHHUSI BBIOPAHO HEKOTOPOE catch-TMPEANIOKEHUE, TO BBI-
MOJTHSIETCS 3Ta COCTaBHAsl WHCTPYKIHs. PaccMOTpUM catch-0OpabOTYHMKH WC-
KITFOYCHUH pushOnFull U popOnEmpty B QYHKIIMU main () OoJiee moapoOHo:

catch ( pushOnFull ) {
cerr << "trying to push value on a full
stack\n"; return errorCode88;

}

catch ( popOnEmpty ) {
cerr << "trying to pop a value on an empty
stack\n"; return errorCode89;

000HX catch-00paboTYMKax €CTh OOBSABIEHUE TUIA KJIacca; B MEPBOM ITO
pushOnFull, a BO BTOPOM — popOnEmpty. [ 00paOOTKH MCKIIOUECHHS BBHIOH-
paercsi TOT 00pabOTUHK, TSI KOTOPOTO THIBI B OOBSIBICHHH MCKIIIOYCHUS U B BO3-
Oy KI€HHOM HMCKITIOYEHUH cOoBManatoT. Hanmpumep, xoraa GyHKIUS-4ISH pop ()
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KJacca iStack BO30YXIaeT MCKIIOUYEHHE popOnEmpty, TO yIpaBJeHHE IOIa-
7aeT Bo BTOpor oOpaborumk. Ilocie BeIBoga cooOrmieHus 00 ommoOKe B cerr,
(byHKIMSA main () BO3BpaIllaeT KojJi errorCode8o.

€ClIi catch-00pabOTYMKKM HE COACpkKAT MHCTPYKIMU return, ¢ KAKOTO Me-
cTa OyJeT MPOJOJHKEHO BBINMOJIHEHUE mporpaMMbl? [lociie 3aBepiieHust oOpaboT-
YHMKa BBIIOJHEHHE BO30OHOBIISICTCS C HHCTPYKIIUH, WAYIICH 3a IMOCICTHUM catch-
00paboTYMKOM B CIIHCKEe. B HalmreMm mpuMepe OHO MPOJOJDKACTCS ¢ MH-CTPYKIIUN
return B (QYHKIUU main (). [locme Toro kak catch-o0pabOTUYUK popOnEmpty
BBIBEJIET coobIenre o6 ommoke, main () BepHeT 0.

int main () {
iStack stack( 32 );

try {
stack.display ()
for ( int x = 1; ix < 51; ++ix )
{

// TO Xe, UTO ¥ paHble

}

catch ( pushOnFull ) {
cerr << "trying to push value on a full stack\n";

catch ( popOnEmpty ) {

cerr << "trying to pop a value on an empty stack\n";

VCIIOJIHEeHME IIpOomoJIXxaeTcs
orcioma return 0;

["oBopsT, 4TO MeXaHU3M 00pPabOTKH HCKIroUeHU B C++ HEBO3BPATHBIM: T10-
CJIe TOTO KaK HUCKJItoueHue o0paboTaHo, yIpaBiIeHUE HE BO3OOHOBIISETCS C TOTO
MecTa, IJie OHO ObUTO BO30Yk/eHO. B Haimem mpumepe ynpaBjieHHEe HE BO3Bpa-
maeTcs B QyHKIMIO-WICH pop () , BO3OYIUBIIYIO UCKIIOUCHHE.

10.2 O0BbeKTHI-UCKIIYEHU A

OOBbsIBICHUEM UCKITIOYEHHS B catch-00padOTUYnKe MOTYT ObITh OOBSIBICHUS
TUNA WM 00bekTa. B kakux cimyuasx 31O cienyer aenath? Torma, Korjaa
HEOOXO-AUMO TMOJYYUTh 3HAUEHUE WM KaK-TO MaHHUIYJUPOBAaTh OOBEKTOM,
CO3JaHHBIM B BBIPAXKEHUM throw. ECIM KJIacchl UCKIIFOUEHUN CITPOEKTUPOBAHBI
TaK, YTO B 0OBEKTAX-UCKIIOYEHUSX MPU BO30YKICHUHU COXPAHAETCS HEKOTOpas
uH(poOpMa-1IIMsl U €clid B OOBSIBICHUM UCKIIOUEHUS (PUTYpUPYET TaKOW OOBEKT,
TO HWHCTPYK-IIMM BHYTPU catch-00paboTyMKka MOTYT oOOpamarbcsi K
uH(pOpMaINH, COXPAHEH-HON B 00BEKTE BBIPAXKEHUEM throw.
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V3MeHuM peannzaiiuio Kiacca UCKIIOUEHHsI pushOnFull, COXpaHUB B 00b-
CKTC-UCKIIIOYCHUH TO 3HAYCHHE, KOTOPOE HE YJIAIOCh IIOMECTUTh B CTEK. Catch-
oOpaboTumnk, coobmas o0 omuOKe, Temepb OyIeT BHIBOAUTH €10 B cerr. J[ms
3TOrO MBI CHadasia MOTUGUIIMPYEM OIpeNeiICHHue THIA Kiacca pushOnFull
CJIeTyIOITUM 00pazoM:

HOBEI KJIACC MCKJIOUEHNS :
OH COXpaHdeT 3HaueHMe, KOTOPOe He YyIaJjloCh IIOMEeCTUTbL B CTEK
class pushOnFull {

public:
pushOnFull ( int 1 ) : wvalue( 1 ) {
} int value { return _Galue; }
private:

int value;

}s

HoBBbIl 3aKpBITBIN WIEH value COAEPKUT YUCIO, KOTOPOE HE YIAJIOCh IO-
MECTHUTH B CT€K. KOHCTPYKTOp NpUHUMAET 3HAYEHUE TUIIA int U COXPAHSIET €ro
wieHe data. BOT Kak BBI3BIBAETCS 3TOT KOHCTPYKTOP JJIsI COXPAHEHHUSI 3HAa4Ye-
HUS U3 BBIPAXKEHUS throw!

void iStack::push( int value )
{
if ( full() )
// BHaueHMe, COXpaHsSeMoe B OOBEeKTe-—
nckodeHnn throw pushOnFull ( value );

KJlacca pushOnFull TOSBWJIACh TakkKe HoOBass (QYHKIUA-YICH value (),
KO-TOPYI0O MOXKHO HCIIOJIb30BaTh B catch-00paboTuumke I8 BBIBOJA
XPaHSAIIErocs B 00bEKTE-UCKIIOUCHUH 3HAYCHHUS:

catch ( pushOnFull eObj ) {
cerr << "trying to push value << "eObj.value /()
<< "on a full stack\n";

OOparute BHUMaHHUE, YTO B OOBSBICHUN UCKIIIOUECHUS B catch-00paboTurke
burypupyer 00beKT eOb7, C IIOMOIIBIO KOTOPOTO BBI3BIBACTCS (PYHKITUS-WICH
value () Kiacca pushOnFull.

OOBEKT-UCKITIOUEHNE BCET/Ia CO3JaeTCsl B TOUYKE BO30OYKICHHS, JaKe €CIU
BBIPAKECHHE throw — 3TO HE BBI30B KOHCTPYKTOpA W, Ha TEPBBIA B3I, HE
JIOJDKHO CO3/1aBaTh OOBEKTA.

Hanpuwmep:
enum EHstate { noErr, zeroOp, negativeOp, severeError
}; enum EHstate state = noErr;
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int mathFunc( int i ) {

if (1 == ) |
State = zeroOp;
throw state; // cosmaH O0BeKT-MCKIIUEHNME

}

// wmHaue mnpomoJxkaeTcsa OObuUHAas obpaboTka

3TOM NpuUMepe OOBEKT state HE HCIOJIB3YETCS B KaueCTBE OOBEKTa-HC-
KITIIOYeHHs. BMecTo 3TOro BhIpa)keHHEM throw CO3AAaeTCAd OOBEKT-UCKIIOUCHHE
TUNA EHstate, KOTOPHIM MHULMATH3UPYETCS] 3HAUCHUEM TJI00aTbHOTO 00bEKTa
state. Kak mporpamma MoxeT paznuuuth ux? s oTBETa Ha 3TOT BOIIPOC MBI
JIOJKHBI TPUCMOTPETHCS K OOBSIBICHUIO MCKIIOYEHHUS B catch-00paboTdnke
00-Jiee BHUMATEIIBHO.
DTO0 00BSABICHHE BEIET ceOS MOYTH TaK XK€, Kak 0ObsIBICHHUE (POPMAITBHOTO
napametpa. Eciu mpu BXoze B catch-00pabOTUYNK HCKIFOUEHHS BBISICHSIETCS, YTO
HEM OOBSABIEH O0BEKT, TO OH MHUIMAIU3UPYETCA KOMHUEW 00bEKTa-UCKIII0Ue-
Hus. Hanpumep, cnegyromas pyHKIUS calculate () BBI3BIBAECT OMPEICICHHYIO
BBIIIIE mathFunc (). [Ipu BXxojge B catch-o0pabOTUYHMK BHYTPH calculate ()
O0BEKT eObj HMHULMAIU3ZUPYETCS KOMUEH OOBEKTa-UCKIIOYEHHUS, CO3AaHHOIO
BBIPXEHUEM throw.

void calculate( int op ) {
try {
mathFunc( op );
}
catch ( EHstate eObj ) {
// eObj - KONMUA CIeHEePMPOBAHHOTO OOBEKTA-UCKIINUEHNI

}

OObsiBICHUE UCKITIOUYCHUS B DTOM MPUMEpPE HAIOMUHAET Tepeady napa-Merpa
1o 3HaueHN10. OOBEKT eObj WHUIUAIU3UPYETCS 3HAYCHHUEM 00bEKTa-NC-KITIOYCHHS
TOYHO TaK e, KaK MepeJaHHbIM 10 3HaYeHUI0 (hOpMalIbHBIN mapaMeTp QyHKINHA —
3HAYCHHEM COOTBETCTBYIOIIECTO (PAKTUIECKOTO apIyMEHTA.

Kak u B cimyyae mapameTpoB (pyHKIMH, B OOBSBICHUN UCKIIOYEHHS] MOXKET
¢burypupoBath ccbuika. Torna catch-o0padoTyuk OyJIeT HAPSIMYIO CChLIAThCS
Ha OOBEKT-UCKIIOYEHUE, CreHEPUPOBAHHBIM BBIpAKEHHEM throw, a He
CO3/1aBaTh €ro JOKAJIbHYIO KOMHIO:

void calculate( int op ) {
try {
mathFunc( op );
}
catch ( EHstate &eObj ) {
// eObj cchulaeTcd Ha CIEHEPMPOBAHHBIN OOBEKT-MCKIIUEHUES

}
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Jiist mpeaoTBpalieHusi HEHY>KHOTO KOMUPOBAaHUSI OOJIBIINX OOBEKTOB IPUMe-
HSTh CCBUIKHM CJICYET HE TOJBKO B OOBSBJICHHUSIX MapaMeTPOB THIIA KJlacca, HO U
OOBSIBIICHUSIX UCKJIFOUEHHI TOTO e TUTIA.

MOCIIEAHEM CITy4yae catch-00paboTUUK CMOXKET MOAU(PHUIIMPOBATH OOBEKT-
uckmoderrne. OTHAKO TIEPEMEHHEBIE, ONpeIeJICHHBIE B BRIPAKCHUN throw, OCTa-
10Tcs 0e3 m3MeHenus. Hampumep, Moaudukanust eObj BHYTPH catch-00padoT-
YHKa HE 3aTparuBaeT TJ00aIbHYIO TMEPEMEHHYIO state, YCTAHOBJICHHYIO B
BBIPA-)KEHUH throw!

void calculate( int op ) {
try {
mathFunc( op )
}
catch ( EHstate &eObj ) {
UCHOPAaBUTL OWMOKY, BEIS3BABIYI MCKJIIOUEHMVE
eObj = noErr; // rjnobanbHas nepeMeHHas state He M3MeHMIIACh

Catch-00pabOTUYMK TMEPEYCTAHABIMBAECT eObj B noErr IIOCIE WCIPABICHHS
OMMOKH, BBI3BABIIECH MCKIIFOYeHUE. [I0CKOIBKY eObj — 3TO CCBUIKA, MOYKHO OXKH-
JaTh, YTO IPHCBAaMBaHHWE MOAMQPHUIUPYET TJIOOAIBbHYIO MEepeMeHHyl0 state. Of-
HAKO M3MEHSCTCS JHIIb OOBEKT-UCKIIOUEHHE, CO3AaHHBIM B BBIPAXEHUU throw,
M03TOMY MOJU(DUKAIUSA eObj HE 3aTParuBaeT state.

10.3 PackpyTka creka

ITouck catch-o0paboTunkamis BO30YKIEHHOTO MCKIIOUEHUS IPOUCXOJIUT
cienyomuM odbpazoM. Koraa BeIpaxkeHHE throw HaXOAMTCS B try-OJIOKE, BCe
aCCOLIMMPOBAHHBIC C HUM MPEJJIOKEHHUS catch UCCIAEAYIOTCS C TOYKU 3PEHUS TOTO,
MOTYT JIM OHM 00paldoTaTh UCKItoueHue. Ecnu nmoaxopasiiee npeajokKeHue catch
HallIeHO, TO WCKIIOUeHUuEe oOpabaThiBaeTcsi. B TPOTUBHOM cilydae IOHUCK
MPOJIOJDKAETCS B BbI3bIBatomiel pyHkiuu. [Ipenmnonoxum, 4To BBIZOB (YHKIIUU,
BBITIOJIHEHNE KOTOPOU MPEKPATUIIOCH B PE3yJIbTaTe UCKIIOUCHUS, MIOTPYKEH B try-
OJIOK; B TakoOll CHUTyallud MCCIEAYIOTCS BCE€ MPEIJIOKEHUs catch, acCOIUU-
poBaHHBIE C 3TUM OiokoM. Ecni onuH 3 HUX MOXKET 00paboTaTh UCKIIOYCHHUE, TO
IpolecC 3aKaH4MBaeTcs. B MpoTHBHOM ciyyae mepexoauM K CIEAyomed 1o
MOPAJIKY BbI3bIBalOlIel (YHKUMUUA. DTOT MOUCK MOCIEIOBATEIBHO MPOBOAUTCS BO
BCEU IIETIOYKE BJIOKEHHBIX BBI30BOB. Kak TOnpkO OyJeT HaWACHO MOAXOJSINEe
NPeAJIoKEHNE, YIPABICHNE NTEPENAETCS B COOTBETCTBYIOUINI 00paOOTUHK.

HalleM npumepe nepBas PyHKIMS, A1 KOTOPOM HYKEH catch-00padoT-4yHK,
—3T0 (PYHKIMA-WIEH pop () Kiacca iStack. IlockoabKy BbIpakeHUE throw BHYTPH
pop () HE HAXOJUTCS B try-0JI0Ke, TO mporpamma MnokuaaeT pop () , He
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o0OpaboraB uckiouenue. Ciieayroniei paccMaTpuBaeTcs: (yHKIUS, BbI3BaBIIAs pop (),
TO €CTh main (). BBI30B pop () BHYTPU main () HAXOAHUTCI B try-OJOKe,

Jajiee UCCIeAyeTCs, MOKET JIM XOTs Obl OJHO aCCOIMMPOBAHHOE C HUM IpE-
JOXeHHue catch oOpaborath wuckimtodeHue. [lockonbky — 00paboTdmk
UCKIIIOUEHUS popOnEmpty HMMEETCs, TO YIpaBJ€HUE NOMalaeT B HETO.

[Ipouecc, B pe3yibTare KOTOPOTO MpOrpaMma IMOCIEeI0BATEIbHO MOKUIACT
COCTaBHbIE MHCTPYKIMU U oOmpenesieHuss (QyHKIUI B MOMCKAaX MPEasIOKECHUS
catch, CHocOOHOTO o00paboTaTh BO3HUKIIEE HCKIIOUYEHHUE, Ha3bIBACTCS
packpyT-koil creka. I[lo Mepe pacKpyTKHM NpEKpalaroT CYIIECTBOBAHHUE
JOKallbHble  O00B-€KThl, OOBSIBICHHbIE B COCTAaBHBIX MHCTPYKIHSIX H
onpeaeneHus X (PyHKUMNA, U3 KOTOPBIX IMpousomien Bbixod. C++ rapantupyer,
4YTO BO BPEMsI OMHCAHHOTO IPO-1I€CCa BBI3BIBAIOTCS JECTPYKTOPHI JIOKAIbHBIX
O00BEKTOB KJIACCOB, XOTSI OHU MCUE-3al0T U3-3a BO30YKIEHHOTO UCKIIIOUEHUS.

Ecnu B mporpaMMe HET mpensiokeHusl catch, CIOocoOHOro o6padboTaTh Hc-
KJIIOYEHHE, OHO OocTaeTcs HeoOpaboTaHHbIM. Ho McKitoueHHe — 3TO HACTOJIBKO
cepbe3Has OolMOKa, YTO MpOorpaMMa He MOXKET MPOJ0JIKaTh BbinojgHeHHe. [lo-
TOMY, €CJIM 0Opa0OTUMK HE HAMJIEH, BbI3bIBa€TCA (PYHKIMS terminate () W3
cranaaptHoil Oubnuorexku C++. Ilo yMomyaHHIO terminate () aKTUBU3UPYET
(GYHKIUIO abort (), KOTOpas aHOMAJIBHO 3aBepuiaeT mporpammy. (B GonbiimH-
CTBE CHUTYAaIlMid BBI30B abort () OKa3bIBAETCS BIOJIHE MPUEMIIEMBIM PEIICHUEM.
OpaHako HOTAA HEOOXOIMMO TIEPEOTIPEACTUTH IEUCTBHUS, BBIONTHIEMbIE (PyHK-
uer terminate ().

Brl yxe, HaBepHOE, 3aMETHIIM, YTO 00pabOTKa MCKIIIOUEHUI U BHI30B (yHK-
IIUM BO MHOTOM TIOXOXH. BeIpakeHue throw BeAeT ceOs aHaJOTUYHO BHI3OBY, a
OpeJIOKEHHE catch YEeM-TO HallOMHUHAeT ompeneieHue QyHkuuu. OcHOBHas
pasHUIlAa MEXIy OTUMHU JBYMS MEXaHM3MaMH 3aKII0YaeTcss B TOM, YTO
uHdopma-ius, HeoOXxoaumas ISl BbI30Ba (PYHKIMH, JOCTYIIHA BO BpeMs
KOMITWJISLIAY, a JJIs1 00paOOTKU UCKItoueHu — HeT. OO0paboTKa UCKITIOUEHUN B
C++ Tpebyer [3bIKOBOI MOAJEPKKM BO Bpems BbioJiHeHusa. Hampumep, s
OOBIYHOTO BBI30BAa (PYHKIIMHA KOMITUJISITOPY B TOUKE aKTUBH3AINH YKE U3BECTHO,
Kakas M3 Teperpy-KeHHbIX (QYyHKIMNA Oymer Bbi3BaHa. [Ipu 00paboTke ke
WCKIIIOUCHUS KOMITWJISATOP HE 3HaeT, B KaKoW (YHKIMH HaXOIUTCA catch-
00paboOTUYMK ¥ OTKyZa BO300OHO-BUTCS BBIMOJHEHHE NporpamMmbl. DyHKIUS
terminate () MPEIOCTABISICT MEXa-HU3M BPEMEHU BBITIOJHECHHS, KOTOPBI
W3BEIIACT MOJIH30BATEINS O TOM, YTO MOI-XOSAIIET0 00paboTYNKa HE HAIILIOCH.
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10.4 IToBTOpPHOE BO30YKIEHHE UCKIIOYEHUIT

MoskeT oka3aTbCsl Tak, 4TO B OJHOM IPEUIOKEHUH catch HE yAaJIOCh IOJI-
HOCTBIO 00paboTaTh HMCKIOYEHHUE. BBIOIHUB HEKOTOPBIE KOPPEKTHUPYIOIIUE
JICUCTBUS, catch-00pabOTYUK MOXKET PELIUTh, YTO NATBHEWIIYI0 00paboTKy
ciie-AyeT NOpy4YuTh (PYHKLHMH, PACIIOIOKEHHON «BBIIIE» B LIEMOYKE BBI30OBOB.
[lepe-naTh HCKIIIOUEHUE NPYTroMy catch-0OpabOTUMKY MOXKHO C ITOMOIIBIO
MOBTOP-HOTO  BO30OYXXKJIEHUS HUCKItoueHHs. g 93Tol menu B s3BIKE
pEeIyCMOTPEHAa KOH-CTPYKIUS throw, KOTOpass BHOBb TI'€HEPUPYET OOBEKT-
uckioueHue. IloBropHoe Bo30yXI€HHE BO3MOXHO TOJIBKO BHYTPU COCTABHOM
WHCTPYKIUH, SIBISIIOIIEHCS 9acThiO catch-00paboTunKa:

catch ( exception eObj ) {
if ( canHandle( eObj ) )
obpaboraTh
MCKJIIOUeHre return;
else
IIOBTOPHO BO30OYIOMTH MCKJKNUEHMEe, UYTOOB e€I'0 NepexBaTuMil IPpyIon
catch-obpaboTumk
throw;

[Ipn MOBTOPHOM BO30YXIEHUU HOBBIA OOBEKT-HCKIIOUEHUE HE CO3/AETCH.
DTO UMEET 3HAUYCHHE, €CIIU catch-00pabOTUMK MOAUPUIIMPYET 0OBEKT, MPEKIC
yeM BO30YyIUTh UCKIIOYCHHE MOBTOPHO. B cremyromem (parmMenTe nCXoaHbIN
00BEKT-UCKII0UeHHE He u3MeHsieTcs. [louemy?

enum EHstate { noErr, zeroOp, negativeOp, severeError };

void calculate( int op ) {
try {
UCKJIIOUeHre, BO30OyxIeHHOe mathFunc (), wmmMeeT 3HaueHUe
zeroOp mathFunc( op );
}
catch ( EHstate eObj ) {
YTO-TO MCIPaBUTH

OeITaeMcsa MOIMOMUMPOBATH OOBEKT—
nckiouenrue eObj = severeErr;

npennojiarajlocb, 4YTO IIOBTOPHO BO3OYXIEHHOE MCKJIOUeHMe OyIeT
MMEeTL SBHaueHue severekrr
throw;

Tak Kak eObj HE SBISETCS CCBUIKOM, TO catch-00pabOTYMK MOIy4YaeT
KOITHIO 00BEKTA-UCKIIOUCHHS, TaK YTO JIFOObIe MOAU(PHUKAIIMN eObj OTHOCATCS K
JIOKaJb-HOW KOMMHW M HE OTPAKAIOTCS Ha HCXOJHOM OOBCKTE-WCKITIOUYCHHH,
nepejaBae-MoM IMPU MOBTOPHOM BO30YXJIEHUHU. TakuM 00pa3om, mepeaaHHbIil
nanee 00bEKT MO-MPEKHEMY UMEET THUIT zeroOp.
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Yto6b1 MOIMGUIIUPOBATH UCXOTHBIN 00BEKT-UCKIIOUCHUE, B OOBSBICHUH
HC-KITIOUCHUS BHYTPH catch-00paboTyrka o KHA GUTYPUPOBATH CCHUIKA!

catch ( EHstate &eObj ) {
MoIMdMUIMpyeM ODBEKT—
uckjoueHe eObj = severeErr;

IIOBTOPHO BO30DYXIEeHHOE MCKJIOUEHME MMeeT 3HaueHUe
severeErr throw;

Teneppb eOb3 ccbutaeTcss Ha OOBEKT-UCKIIOUEHUE, CO3/ITaHHBIA BhIpaXKCHUEM
throw, TaK YTO BCE MU3MEHEHUS OTHOCSATCS HEMOCPEICTBEHHO K HCXOIHOMY
00b-exTy. Ilo3TOMYy mnpH NOBTOPHOM BO30YKIEHUM HCKIIOUYEHHUS Jajiee
nepeaaeTcst MoIUPUIUPOBAHHBIA OOBEKT.

Takum oOpa3zoM, Jpyras HOpuUyYuHA JJIsi OOBSBICHUS CCBUIKM B catch-
00paboT-uyuKe 3aKJIIOYaeTcsl B TOM, 4YTO CJEJIaHHble BHYTpU OOpabOTUMKa
MoAU(pUKALMK OOBEKTA-UCKIIOUEHHs] B TaKOM ciy4yae OyIyT BUIHBI MpU
MTOBTOPHOM BO30Y>K/1€-HUH UCKITFOUECHUS

10.5 OopadoTka uckiarouenuii B C

ATIOXY pacliBeTa MPOIeAyPHOTO MPOTPAMMUPOBAHUS CUHTAKCUC PabOThI
C omrOKaMu ObUT TPUBUAJIEH U OCHOBBIBAJICS HA TOM, YTO BEpHYJIa (DYHKITHSI.
Ecnu ¢ynkius Bo3Bpaianga TRUE — BCE XOPOIIIO, €CIH K€ FALSE — TO IIPOU30-
nuia omuoOka. [Ipu 3ToM cpasy BBIACIUINCH JBa MOAX0/1a K paboTe ¢ Omuo-
KaMHu:

— Ilonxon 0sa 6 oonom — QyHKIMS BO3BpaIlaeT FALSE WM HYJEBOH yKa3a-
TEJb KaK JUIsl OKUAAeMOM, TaK M Il HEOKUIAHHOW ommOKu. Takoil moaxonm Kak
npaBwio npuMeHsuics B API o0miero Ha3HaueHHUS W KOJE MOJH30BATEIBCKUX IMPO-
rpaMM, Korja O0JbIIYI0 YaCTh OMIMOOK MOXKHO OBLIO CMEJIO CUUTATh (aTadb-HbIMU
u magatb. Jlig Tex peaKkux cllydaeB KOTrJa [eIUTh OBbLIO BCE K€ HYKHO
WCIIOJIb30BAIaCh HEKas JOIMOJIHUTEIIbHAS MAIIMHEPHS BHJA GetlastError ().
@dparmMeHT Kojia TOro BpeMeHH, KOMMMPYIOIIETo JaHHbBIE U3 OJHOTO (aiina B Apy-rou
Y BO3BPAIAIOIIETO OMKUOKY B CIyyae BOZHUKHOBEHMS JIFOOBIX MPOOIIeM:

BOOL Copy( CHAR* sname, CHAR* dname )
{ FILE *sfile = 0, *dfile = 0;
void* mem = 0;

UINT32 size = 0, written = 0;
BOOL ret = FALSE;

sfile = fopen( sname, "rb" );
if( ! sfile ) goto cleanup;
dfile = fopen( dname, "wb" );
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if( ! dfile ) goto cleanup;

mem = malloc( F_CHUNK SIZE );
if( ! mem ) goto cleanup;

do

size = fread( sfile, mem, F _CHUNK SIZE );
written = fwrite( dfile, mem, size ); 1if(
size != written ) goto cleanup;

}

while( size )

ret = TRUE;

cleanup: // AHaAJOT OECTPYKTOPA.
if( sfile) fclose( sfile );
if( dfile) fclose( dfile );
if( mem ) free( mem );

return ret; // Oxumaemas ommbKa.

[Tonxon pasdenenus owiubok, IpU KOTOPOM (PYHKITMS BO3BPAIIAET FALSE

cilydae HEOXKHUAaHHOM OIIMOKH, a 0KUIAEMY0 OIIMOKY BO3BpAIIIAET OTACIIb-HbIM
BO3BpAIaCMbIM 3HAUYCHHEM (B MPUMEpPE 3TO €rror), eciu HykHO. Takoil moa-xon
npuMeHsUIcss B OoJiee HAJEKHOM Kojie, Hampumep apache, m moapazymenan
paszziencHue Ha OXHaaeMble ommOKH ((aiin He MOTYYHIIOCh OTKPBITH MMOTOMY YTO
€ro HeT) M HEeOXUJaHHBIC ((ailyl HE MOIYYUIOCh OTKPBITH TIOTOMY, YTO 3aKOHYM-
Jach MaMsATh ¥ HE MOJYYHIOCHh BBIACTUTH 20 OaliT YTOOBI CKOMUPOBATH CTPOKY C
uMeHeM). OparMeHT TOro Ke KOJI, HO YK€ pa3/IeisioNniero HEOKHIAaHHYO0 OIINOKY
(BO3BpaT FALSE) U OKHJIaeMyI0 (BO3BpaT HANDLE).

BOOL Copy( CHAR* sname, CHAR* dname, OUT HANDLE* error )
{ HANDLE sfile = 0, dfile = 0, data = 0;
UINT32 size = 0;

ENSURE ( PoolAlloc() ); // OBbpaborTka HEOXMOAHHOM OWMOKMN.
ENSURE ( FileOpen( sname, OUT& sfile, OUT error ) ); REQUIRE (
SUCCESS ( error ) ); // OBpaboTka OXUIAEMOW OWUOKM .

ENSURE ( FileOpen( dname, OUT& dfile, OUT error )
)7 REQUIRE ( SUCCESS( error ) );

ENSURE ( MemAlloc( OUT& data ) );
REQUIRE ( SUCCESS( error ) );

do
{
ENSURE ( FileRead( sfile, F CHUNK SIZE, OUT& data, OUT error )
); REQUIRE( SUCCESS( error ) );
ENSURE ( FileWrite( dfile, & data ) );
REQUIRE ( SUCCESS( error ) );
ENSURE ( MemGetSize ( OUT& size ) )
}

while( size );
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ENSURE ( PoolFree() ); // Ilyn ofecneumBaeT aHajOT HOEeCTPYKTOPOB U
RAII. return TRUE;

Yepes HEKOTOpoe BpeMs pa3pabOTUHKU 3aMETHIIH, YTO OOJBIIUHCTBO
ycnem-Heix pemennid ucnonszyer OOIl u pemmnm, 4to HEmI0X0 OBl €ro
BBIHECTH B CHH-TAaKCHC $13bIKa, Ja0bl MHCaTh OOJIbIIE KOJIA 1O JENIy U MEHbLIE —
MMOBTOPSIIOIIETOCS KOJIA [T MOJIEPKKNA APXUTEKTYPHI.

JlaBaiiTe BO3bMEM KOJI BBIIIE M MOCMOTPUM, KaK OH TpaHC(HOPMHUPOBAJICS IO-
cie pobasnenuss OOIl B cuHTakcuc sI3bIKOB MporpammupoBanusi. Koncrpyupo-
BaHWE M YHUYTOXKCHHE OOBEKTOB (fopen, fclose) CTAIO KOHCTPYKTOpPAMH U -
ctpykropamu. [lepebpoc HeoxuaaHHOW OmMOKU (BOOL ret B MEPBOM IPUMEPE,
MakKpoc ENSURE BO BTOPOM) OJIHO3HAYHO CTaJl UCKIFOUEHUEM.

BOT C OKHMJAaeMOM OLIMOKOW CIIyYMJIOCh CaMO€ MHTEPECHOE — CITYUMJICS BbI-
60p. MoxxHO OBLIO HCIIOJIB30BAaTh BO3BpalllaeMOe 3Ha4Y€HUE — TeIepb, KOrjaa 3a-
00Ty O HEOXKHJIAHHBIX OIIMOKAX B3sUIM Ha ce0s MCKIIOUEHHs, BO3BpaIlaeMoe 3Ha-
YeHHE CHOBA CTAJIO B MOJIHOM PACHOPSKEHUU IMPOTrpaMMHCTa. A MOXHO ObUIO HC-
MOJIb30BaTh MCKIIIOUEHHUS JIPYroro TUma — eciu (yHKIUA KOMHpPOBaHUA (ailioB
camMoii He HYXHO 00palaThiBaTh 0XKHMJIa€MbIe OIIMOKU TO JOTHYHO BMECTO if U
REQUIRE MPOCTO HUYETO HE JeNaTh — M 00a TUMa OmrOOK yHIyT BBEPX MO CTEKY.
Co0TBETCTBEHHO, Y MPOrPaMMHUCTOB CHOBA MOJIYYHJIOCH JIBA BapHAHTA:

— [Moaxox monvko ucknrouenuss — 0XKUAaeMble U HEOKHUIAHHbBIE OLIMOKU —
3TO Pa3HBIE TUIIBI UCKIIOUYECHUN.

void Copy( string sname, string dname )
{ file source( sname );
file destination( sname );

source.open( "rb" );
destination.open( "wb" );
data bytes;

do

{
bytes = source.read( F_CHUNK SIZE );
destination.write ( bytes )

}
while( bytes.size() )

Kombunuposanmwiii nooxood — UCNoJIb30BaHUE UCKIIOUCHUH JJ1s1 HEOXKHU-
JTAHHBIX OIMOOK M KOJOB BO3BpaTa / nullable TUIIOB JJIS OKHIaCMbIX:

bool Copy( string sname, string dname )

{ file source( sname );

file destination( sname );

if( ! source.open( "rb" ) || ! destination.open( "wb" ) )
return false;
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data bytes;
do
{
bytes = source.read( F_CHUNK SIZE );
if( bytes.isValid() )
{
if( ! destination.write( bytes ) ) return false;
}
}
while( bytes.isValid() && bytes.size() )

Wtak, ecnv BHUMAaTEIbHO MOCMOTPETh Ha JIBa MPHUBEACHHBIX BhIIIE (par-
MEHTa KO/Ia TO CTAHOBUTCS HE COBCEM IMOHATHO MoYeMy BbDKMI BTOopoi. Koga B
HEM O00BEeKTHBHO Oosbiie. Beirmsaaut menee kpacuBo. Ecnu ¢yHKIMsS Bo3Bpa-
maeT oObEKT — TO MCIOJIb30BaTh KOJbl BO3BpaTa coBCceM HeyAo0HO. Bompoc —
noyeMy KOJbl BO3BpaTa BOOOLIE BBDKMIIM B SI3bIKAaX C MOAJIEPKKONH OOBEKTHO-
OPHUEHTHUPOBAHHOTO  MPOTPAMMHPOBAHHMSI M  HWCKIIOYEHUH HAa  ypOBHE
cuHTakcuca? Uto s MOy IO 3TOMY HOBOJY CKa3aTh:

IlepBbie peanv3anuu HUCKIIOYEHHH, 0coOeHHO B C++, ObUIM HE OYEHb
YAOOHBI JIJIsl €KETHEBHOIO MCIONb30BaHusA. Hanpumep, Opocanue UCKIIOYEHUs
BO BpeMs oOOpaOOTKM JpYyroro HCKIIOYEHUS MPUBOAMI K 3aBEPILEHUIO
nporpammel. Mnu ke OpocaHue UCKIIOYEHHS B KOHCTPYKTOPE MPUBOJIUIO K
TOMY, 9TO JIECTPYKTOP HE BHI3BIBAJICSI.

Pa3paborurikam API 3a0bui 0OOBSACHUTH AJIA YEro HYKHbI UCKIIOYEHUs. B
pe-3yJbpTare mepBoe BpeMs He ObLIO JaKke ACTCHUS Ha OKHuaaeMble (checked)
HEoXXuJlaHHble (unchecked), a APl xoMOMHMpPOBAIM KaK WCKIIOYEHHUS, TaK U
KOJIbl BO3BparTa.

OOJIBIIMHCTBE S3BIKOB JIJISI UCKITFOUCHUH 3a0bUTH T0OaBUTh CEMAHTUKY «HT-
HOPHPOBATh OKUJAEMYI0 OIMOKY». B pe3ynmpTare Ha MpakTHKe KO, WCHOJb3Y-
IOIHI/Iﬁ HCKIIOYECHHUA KaK OJI1 OKHMAA€EMbIX TaK KW OJII HEOXKHWIAHHBIX OHII/I6OK, C
HEBEPOSITHOM CKOPOCTHIO 00pacTall try U catch Be3Je, II€ TOIBKO MOKHO.

10.6 UckarounTtesibHbIe CHTYAllMd B KOHCTPYKTOPaxX U JeCTPYKTOPax

KoHcTpykTOpEI HE MOTYT BO3BpaIiaTh KOJbI OMIMOOK, COOTBETCTBEHHO HC-
KIIFOUCHUSI — OTO €AMHCTBEHHBIM METOJ, YTOOBI MOHATH, YTO B KOHCTPYKTOPE
9T0-TO mOnuio He Tak. OmHako, HEOOXOJAMMO TMPaBUIBLHO 00pabaThIBaTh
MCKITIOYU-TEIIbHBIE CUTYAIlMU B TaKuX ciiydasx. OCOOCHHO eCiii B KOHCTPYKTOPE
bopMupy-10TCsi 00BEKTHI B TUHAMUYECKON TTAMSATH.

[Ipumep UCKITIOUNUTENBHON CUTYal[MU B KOHCTPYKTOPE:

class Test {
public:
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Test () |
std::cout << "Test::Test ()" << std::endl;
310ecb, B cooTBeTCTBMM C RAII, 3axBaTUIM
pecypcer 1f (1 ) |

throw std::runtime error( "AAAAAAAA" ); }

else {}
}
~Test () |
std::cout << "Test::~Test ()" << std::endl;

// A 3mecb MBI OCBOOOXIaeM Te CaMble BaxXHEE PEeCypPCH. . .

i

int main () {
Test* t = 0;
try {
t = new Test(); // Bpome Ob co3maiu. ..
} catch ( const std::exceptioné& exc ) {

std::cout << exc.what () << std::endl;
}
delete t; // Yoammmu? Hy-Hy...
return 0;

He crouT mbITaThcsl mMepenaBaTh MCKIIOYEHUS 3a TEJIO KOHCTPYKTOpaA, T.K.
WHaYe, Ta)Ke €CITM Mbl He 3a0bIBaeM BEI3BATh delete, OH HE OyACT BHI3BIBATH JIC-
CTPYKTOpP HENpPaBWJIBHO CO3/IaHHOTO 00bekTa. B 3TOM ciyyae, HUKakue
pecypchbl, KOTOpble OBUTM HWHUIMAIM3UPOBAHBI B KOHCTPYKTOpPE 10 BBHI30Ba
uckioueHus (cBs3u ¢ bJl, oTkpeiThie ¢aiiibl, U T.M.) YK€ HUKOT/A HE OYIyT
0CBOOOXK/ICHBI (€CJIM OHU CO3IaBAINCh B ITMHAMUYECKOM IMaMSITH).

BwmecTo ykazateneit Ha 00bEKThI B JUHAMUYECKON MaMsITH MOMKHO UCIOJIb30-
BaTh OJIMH U3 MHOXKECTBA THUIIOB «YMHBIX yKa3zaTellei», KOTOPhIC yIaJIsIIOTCS aB-
TOMATHUYECKHU TIPU BBIXOJI€ U3 00JIACTH BUIUMOCTH (KaK JIOKAJTbHBIE OOBEKTHI):

// C ykasarejaMu Ha OOBEKTH B // C yMHBIMU yKa3aTEJIAMN:
// OMHaAMUUYECKOM [NaMSTM: class Cnt {
class Cnt { private:
private: auto ptr<X> ia;
X *xaj; auto ptr<X> ib;
X *xb; public:
public: Cnt (int a, int b) : ia(new
Cnt (int a, int b) { X(a)), ib(new X (b)) {
cout << "Cnt::Cnt" << endl; cout << "Cnt::Cnt" << endl;
xa = new X(a); }
xb = new X (b); ~Cnt () |
} cout << "Cnt::~Cnt" << endl;
~Cnt () | }
cout << "Cnt::~Cnt" << endl; Y
delete xa;
delete xb;
}
}i
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std::auto ptr<> — pealIn3yeT CEMAaHTHKYy BIaJcHUsA. Tak Ha3pIBacMoe
pas-pymiaroiiee KOMMPOBAHWE — TPHU IMPUCBAWBAHHUH, OOBEKT IMEpeaacTcs OT
OJTHOTO yKazaTellsd JPYroMy, YIajssch y MEpBOTro, YTOOBI HE YAAISITh OOBEKT
JBAYKIBI IIPU BBIXOJE U3 00JACTH BUIUMOCTH.

[Ipumep UCKITIOUNUTENBHON CUTYallMU B AECTPYKTOPE:

class test
{
public:
test () { }
~test () {
throw std::runtime error ("Game over!");
}
i

int main() {
try {
test t;
throw std::runtime error ("Error!");
}

catch (std: :exception consté&)

{1}

return 0;

Kornma uckimodeHne mokugaet OJOK, BCE JIOKAIBHBIE OOBEKTHI, CO3/IaHHBIC B
3TOM OJIOKe, YHHYTOXaloTcs. Ecnm nmecTpykrop 00BEKTa, YHUUYTOXKAEMOI'O BO
BpeMsl pa3BEpTKU CTEKa, FeHepUpyeT UCKIIOYEeHHEe, TO Mporpamma OyAeT 3aBep-
IIICHA JJOCPOYHO, M €€ y>KE HIUYETO HE CITAceT — BBI3bIBACTCS (DYHKIUS terminate.

HckiroueHne npu packpyTKe CTeKa Bcerja OyaeT HHUITMAIU3upoBaTh QyHK-
IIUI0 terminate ()— oOpabaTbiBaliTe BCe OMMUOKH JECTPYKTOpa BHYTpPHU
nectpyk-topa! Hu B koeM citydae HE MHULIMAIU3UPYUTE UCKITFOYEHHE !
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WOAEHTU®UKALINA TUNOB BO BPEMA BbINMOJIHEHUA

RTTI — uaentudukanus THIoB BO BpeMs BbimoaHeHus (Run-time Type
Identification), mo3BoyisieT MporpaMMamM, KOTOpPbIE€ MaHUIMYJIUPYIOT OOBEKTaMU
yepe3 yKa3aTelld WM CChUIKM Ha 0a30Bbl€ KJIacChl, HOMYyUYUTh UCTUHHBIN MTPOU3-
BOJAHBIN THN anpecyemoro oobekTa. Jns monnepxkku RTTI B s3pike C++ ecthb
JIBa oreparopa:

orneparop dynamic cast MOJAEPKUBACT MPeoOpa3oBaHUSI THUIIOB BO
BpeMs BBITIOJIHEHHUA, oOecreunBasi 0€30MacHyI0 HAaBUTAIMIO MO HepapXUu KJiac-
coB. OH mo3BoJisieT TpaHchoOpMUpOBATH yKaszaTrelb Ha 0a30BbIM Kiacc B
yKaszaTteidb Ha TPOM3BOJHBIA OT HEro, a Takxke MpeoOpa3oBaTh l-3HaueHwue,
cchutaroneecs Ha 0a30BBINM Kilacc, B CChUIKY Ha MPOU3BOJHbBINA, HO TOJBKO B TOM
CJIy4ae, €CIU 3TO 3aBEPIINUTCS YCIICIIHO;
oneparop typeid MO3BOJISET NOJYYUTh PAKTUUECKUN MPOU3BOIHBIN THUIT
00BEKTa, aJJPECOBAHHOTO YKA3aTEJIEM WM CCHUIKOM.
Opnako st mofydeHuss HHGOPMAIIMKM O THUIIE TMPOU3BOIHOTO KJIacca ONepaHs
JIF000T0 U3 OIICPATOPOB dynamic cast UM typeid JOJDKCH UMECTh THUII KJIaCCa,
KOTOPOM €CTh XOTS OBl OfHA BHpTyaidbHas ¢yHKIusA. Takum oOpaszom, orepa-
Topbl RTTI — 3T0 COOBITHSI BpeMEHH BBIMOIHEHUS ISl KJIACCOB C BUPTYaJbHBIMU
GyHKUMAMH U COOBITHS BPEMEHH KOMITHIIALIMU JUIsl BCEX OCTAIbHBIX TUIOB. B
JAHHOM paszesie Mbl 0oJjiee MOJIPOOHO MO3HAKOMHUMCS C MX BO3MOKHOCTsIMH. Mc-
nonp3oBanue RTTI okaspiBaeTcsi HEOOXOAUMBIM TPU PEATU3ANUN TAKUX TMPHIIO-
JKEHUH, KaK OTJIAMYUKUA WA OOBEKTHBIE 0a3bl JaHHBIX, KOT/a THUMI OOBEKTOB, KO-
TOPBIMM MAHMITYJIMPYET MPOTpPaMma, CTAHOBUTCS MU3BECTEH TOJBKO BO BPEMsI BbI-
nosiHeHus myteM uccnefgoBanuss RTTI-undopmanmu, xpansmieiicss BMecTe ¢ TH-
namMu 00beKTOB. OHAKO JyYIlIe MOJIb30BATHCS CTATUYECKON cucTteMoii TunoB C++,
MOCKOJIbKY OHa Oe3omacHee u 3 PeKTUBHEE.

11.1 Onepatop dynamic_cast

Omneparop dynamic cast MOKHO MPUMEHSATH 7151 IpeoOpa3oBaHUsl yKa3a-Tells,
CChUIAIOIIErocs Ha OOBEKT THMA Kjlacca B yKas3aTelb Ha THUIl KJlacca U3 TOW ke
uepapxuu. Ero takxe ucnonb3yror ajis TpaHcopmanuu 1-3HaueHuss 00beKTa THUIa
KJjlacca B CCBUIKY Ha THI Kjacca M3 TOW ke uepapxuu. IlpuBeneHune TUIOB C
IIOMOIIBIO OMeparopa dynamic cast, B OTJIMYKE OT APYyTrHX umeronmxcs B C++
crioco0O0B, OCYIIECTBIISIETCS BO BpeMs BBINIOJHEHUS MporpaMMmel. Ecnu ykazarenb
WK |-3HaueHue He MOTyT OBbITh TpeoOpa30BaHbl B 1IEJIEBOM THUII, TO dynamic cast
3aBepulaeTcsd HeyAauyHo. B ciydae mnpuBeAeHMs THUIa yKaszaTeias MPU3HAKOM
HEYJIauM CIIYKHUT BO3BpaT HyseBoro 3HaueHus. Ecin xe |-3HaueHue
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HEJb3sl TPaHC(POPMUPOBATH B CCHUIOYHBIN THII, BO30Y>KJIAETCsl MCKIIIOUEHUE.
Hwke Mbl puBeieM MpUMEpPBI HEYJAYHOTO BBIIIOJIHEHUS 3TOTO OIIepaTopa.

[Tpexxne uem nepelT K 0oJiee IeTaIbHOMY PACCMOTPEHHUIO dynamic cast,
IIOCMOTPHUM, 3a4€M €ro HYyKHO NpUMEHATh. [Ipeanonoxnm, yTo B mporpamme
UC-TI0JIb3yeTCs OMOJINOTEKA KIIACCOB JUJISl IPEACTABICHUS PA3IMUYHbIX KaTeropui
CIIy’KallluX KOMIaHWH. BXopsmiue B Mepapxuio KJIAcChl MOACPKUBAIOT (DyHK-
LIAH-YJIEHBI T BBIYUCIICHUS 3apILIaThI:

class employee {
public:

virtual int salary();
}i

class manager : public employee {
public:
int salary();

bi

class programmer : public employee {
public:
int salary();

}i

void company::payroll ( employee *pe )
{ // wcnomnbzyercsa pe->salary ()

}

KOMITAaHMM €CTh pa3Hble KaTeropuu ciyxammx. [lapamerpom QyHkimm-
qJIeHa payroll () Kjlacca company SBJIIETCA yKa3aTejb Ha 00BEKT employee,
KOTOPBIA MOJKET apecOoBaTh OJAWH W3 TUIIOB manager WIH programmer. [lo-
CKOJIBKY payroll () oOpamiaercss K BUPTyaldbHOW (DYHKIUU-UJIEHY salary (),
TO BBI3BIBACTCSl MOAXOAANIAs 3aMeliaromas QyHKIMs, ONpeesieHHas B Kilacce
manager HIM programmer, B 3aBUCHMMOCTH OT TOTO, KaKoil O0OBEKT aapecoBaH
YKa3aTeJeM.

JonycTuM, Kjacc employee MepecTan yAOBJIETBOPATh HAIIUM MOTPEOHO-
CTSIM, U MBI XOTUM €r0 MOAU(UIIMPOBATH, JOOABUB €Ie OAHY (PYHKIIUIO-UJICH
bonus (), HCHOJB3YEMYIO COBMECTHO C salary () IPH pacyeTe IUIaTeKHOU
BEI0-MOCTHU. J[Ji1 3TOr0 HY>KHO BKJIIOUMTH HOBYIO (PYHKIIMIO-YJI€H B KJIACCHI,
COCTaBJIA-FOIINE UEPAPXHUIO employee:!

class employee {

public:
virtual int salary();
virtual int bonus();

}s

class manager : public employee {
public:
int salary();

}i
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class programmer : public employee {
public:

int salary();

int bonus () ;
}i

void company::payroll ( employee *pe ) {
// eniieucoaony pe->salary() e pe->bonus ()

}

Ecnu mapameTp pe QyHKINU payroll () yKa3bIBaeT HAa OOBEKT THIIA manager,
TO BBI3BIBACTCS BHUPTyalbHas (QYHKIUSI-wIeH bonus() U3 0a30BOro Kiacca
employee, IOCKOJIbKY B KJacCeé manager OHA He 3ameineHa. Ecim ke pe
yKa3bIBaeT Ha O0OBEKT TUIA programmer, TO BHI3BIBACTCS BUPTYaIbHAs (QYHKIIUS-
YJICH bonus () U3 KJIaCCa programmer.

[Tocne noOaBiieHHs] HOBBIX BHUPTYaJIbHBIX (PYHKIMHA B HEPAPXUIO KIACCOB
OpU-JIETCA TEPEKOMIIIMPOBATh Bce (PYHKIMU-WieHbl. J[00aBUTH bonus ()
MOXXHO, €CJIH y Hac €CTh JOCTYIl K HMCXOJHBIM TeKCTaM (YHKIHH-WICHOB B
KJlaccax employee, manager U programmer. OJHaKO €Cliu Hepapxus OblLia
MOJIy4eHa OT HE3aBUCHMOIO IMOCTAaBIIMKA, TO HE HCKIIOYEHO, YTO B HAIeM
pPaCHOpSDKEHUM UMEIOTCST  TOJIBKO — 3arojIOBOYHBIE  (Dailyibl, OMUCHIBAIOLIUE
uHTepdeiic OOIMOTEeY-HBIX KJIACCOB U OOBEKTHBIE (DAMIIBI C UX peau3aluei, a
HUCXOJIHBIE TEKCThl (PYHK-IMH-WICHOB HEIOCTYMHB. B TakoMm ciydae
MIEPEKOMITUJISAINS BCEH HepapXrUu HEe-BO3MOXKHA.

Ecnu Mb1 X0TUM pacimuputh (QYHKIIMOHATBHOCTh OMOJIMOTEKH KJIACCOB, HE
100aBIISIsI HOBBIE BUPTYaJIbHBIC (YHKIIUHU-YICHBI, MOKHO BOCITIOJIB30BAThCS OTIC-
paTopoM dynamic cast.

DTOT orepaTop MPUMEHSIETCS I MOJYYeHHUsS yKa3zaTels Ha MPOU3BOHBIN
KJIacC, 4TOObI UMETh BO3MOXXHOCTh pabOTaTh C TEMH €r0 JIEMEHTaMH, KOTOPbIE
MO-IPyroMy He JAOCTyIHBI. [Ipenmnonokum, 9To Mbl pacmupsieM OHOTHOTEKY 3a
cyeT mo0aBieHHUs HOBOM (YHKIIMU-WICHA bonus () B KJIacC programmer. Ee
00Bb-SIBJICHUE MOXHO BKJIFOUUTH B ONPEACIICHUE programmer, HAXOJAIICECS B
3aroyio-BOYHOM (paitnie, a camy GYHKIHIO OINPEACIUTh B OJHOM M3 CBOUX
WCXOJHBIX (haii-JIOB:

class employee {
public:
virtual int salary();

}i

class manager : public employee {
public:
int salary();

}i

class programmer : public employee {
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public:
int salary();
int bonus () ;

i

HamomHanM, 4TO payroll () NPUHHAMAET B KauyeCTBE MapameTpa yKa3aTellb
Ha 0a30BbIi KJacc employee. MBIl MOKEM MPUMEHHUTH ONEPATOP dynamic cast
JUISl TIOJIyYEHHUs yKa3aTelid Ha MPOU3BOAHBIN programmer W BOCIIOJIb30BAaThCS
UM JUTsI BBI30Ba QYHKIIMU-WICHA bonus ()

void company::payroll ( employee *pe )
{

programmer *pm = dynamic_ cast< programmer* >( pe );

anee pe oeacuaaao la ilauaeo oeia programmer,
oi dynamic_cast auiieieony oniaoii e pm aoaao
oeacuaaou ila i1a?aei iauaeoa programmer
if (pm ) |
// eniieuciaaou pm aey auciaa programmer: :bonus ()

anee pe la oeacuaaao ia il1auaeo oeia programmer,
oi dynamic cast auiieieony iaocaa?ii
e pm aoaao niaa??aou 0
else {
// eniieuciaaou ooiecee-?eaiu eeanna employee

}

Oneparop dynamic cast< programmer* >( pe ) NPUBOAUT CBOW ONEPAH]
pe K TUIy programmer*. IIpeoOpa3oBanue OyAeT YyCHEIIHBIM, €CIH pe
CChLTa-€TCsl HA OOBEKT THUIA programmer, U HEYJAYHBIM B MMPOTUBHOM CIIydae:
TOrZ1a pe3yibTaToM dynamic cast Oyzer 0.

Takum o0pa3oM, onepatop dynamic cast OCYIIECTBISIET cpa3y ABE orepa-
uuu. OH NPOBEPSET, BHIMOJHUMO JIM 3alIPOILLIEHHOE MMPUBEACHUE, U €CIIU 3TO TaK,
BBINOJTHSIET ero. IlpoBepka MpPOU3BOAUTCS BO BpeMs pabOThl MPOTrPaMMBL.
dynamic cast 0e3omacHee, 4YeM JApyrue ONepaluu MPUBEICHHUS THUIIOB B
C++, MOCKOJBKY POBEPSIET BOBMOKHOCTh KOPPEKTHOTO MpeoOpa3oBaHMUsL.

Ecnu B mpenpiayieM mpumepe pe JACHCTBUTENBHO YKa3blBa€T HAa OOBEKT
TUIA programmer, TO ONEpalusi dynamic cast 3aBEPUIMTCS YCIEIIHO U pm
OyJneT WHUIMATU3UPOBAH yKaszaTelleM Ha OO0BEKT THIla programmer. B
MPOTUBHOM CJy-4ae pm moiayudut 3HadeHue 0. [IpoBepuB 3HaueHUe pm, GyHKIIMS
company: :payroll () MOXET y3HaTh, YKA3bIBACT JIM pm Ha 00BEKT programmer
Ecnu 310 Tak, TO OHa BBI3BIBACT (PYHKIIMIO-UWICH programmer: :bonus () JJISA BbI-
YHUCIICHUSI TIPEMHH TporpaMMucTy. Ecim ke dynamic cast 3aBepiiaeTcs He-
y/IauyHO, TO pe YKa3bIBaCT Ha OOBEKT THUIIA manager, a 3HAYUT, HEOOXOIUMO TPH-
MEHHTH 00Jiee OOIINIA aITOPUTM pacueTa, He UCIIOIB3YIONINI HOBYIO (DYHKITHIO-

YJICH programmer: :bonus () .
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Omnepatop dynamic cast ynorpebisiercs g 0e30MacHOro MpPUBEICHUS yKa-
3aresst Ha 0a30BbIM KJIACC K yKa3aTearo Ha MPOU3BOAHBIN. Takyto oneparuio 4a-cTo
Ha3bIBAIOT MOHWKAIOIINUM NpUBEIEHUEM (downcasting). OHa IpUMEHsETCs, KOraa
HEOOXOAMMO BOCIIOJIb30BATBCA OCOOCHHOCTSIMM  MPOM3BOJHOIO  Kjacca, OT-
CYTCTBYIOIIMMH B 0a30BOM. MaHuIyIMpoBaHne O0OBEKTaMH MTPOU3BOJAHOIO KJlacca
C TOMOIIBIO YyKa3arejaeil Ha 0a30BbIil OOBIYHO MPOMCXOAUT ABTOMATHUYE-CKH, C
NOMOIIbIO BUPTYaIbHbIX (QyHKIMNA. OJHAKO MHOT/IA UCIIOJIb30BAaTh BUPTY-aJIbHBIC
(GyHKIMM HEBO3MOXKHO. B Takux cuTyanusix dynamic cast Mpeajaraer
aNbTEPHATUBHOE PEIICHHE, XOTS ATOT MEXAHU3M B OOJbIICH CTEEHU MOABEPKEH
OlIMOKaM, YEM BUPTyalIU3alus, U JOJHKEH IPUMEHATHCS C OCTOPOKHOCTBIO.

OxHa 13 BO3MOXKHBIX OMIMOOK — 3TO paboTa C pe3yibTaToM dynamic cast
0e3 mpenBapuTeNbHOW mpoBepku Ha (: HyJNIEeBOW yKa3aTeldb HEJb3S
UCIIOJIb30BATh /IS aJpecaln o0bekTa kiacca. Hampumep:

void company::payroll ( employee *pe )
{

programmer *pm = dynamic_cast< programmer* >( pe );

iioaioceaeuiay ioeaea: pm eniieucoaony aac i?iaa?ee
cia?aiey static int variablePay = 0;
variablePay += pm->bonus();

PesynbraT, BO3BpallleHHBIM dynamic cast, BCErJa CIEIyeT NPOBEPSTH,
MpeXIE 4YEM HCNOJIb30BaTh B KAadyeCTBE yKaszarensd. bosiee npaBuiibHOE
omnpenesie-uHue PyHKIHUHU company: :payroll () MOTJIO Obl BBITJISACTD TaK:

void company::payroll( employee *pe )
{
// auiieieou dynamic cast e i?iaa?eou ?acoeuoao
if ( programmer *pm = dynamic cast< programmer* >( pe ) ) {
// eniieuciaaou pm aey auciaa programmer: :bonus ()
}
else {
// eniieuciaaou ooiecee-?eaiu eeanna employee

}

Pe3ynpTar onepanuu dynamic cast HCHOJB3YyeTCS AJI MHULUANIU3ALMU TIe-
PEMEHHON pm BHYTPH YCIOBHOTO BBIPQXKEHMsI B MHCTPYKLIHHU if. DTO BO3MOXKHO,
TaKk KaK OOBSBIICHUS B YCJIOBHUSX BO3BpAIlalOT 3HaueHUs. BeTBb, COOTBETCTBYIO-
11ast UCTUHHOCTH YCJIOBHSI, BBITIOJIHSAETCS, €CJIM pm HE PABHO HYJIIO: MBI 3HAE€M, YTO
omnepamMs dynamic cast 3aBEpIIMJIACH, YCICIIHO MW pe YKa3bIBACT Ha O0BEKT
programmer. B NPOTUBHOM ciyd4ae pe3yibTaToM oObsBiaeHUs Oyaer O u BbIMOI-
HseTCs BETBb else. [I0CKOIBKY Teneps onepaTop U MPOBEpPKA €ro pe3yibrara
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HaxXOJATCSA B OJHON MHCTPYKIUU MPOTPAMMBI, TO HEBO3MOXKHO CIIy4ailHO BCTa-
BUTH KaKOW-TMOO KOJ MEXIy BBIIIOJHEHHWEM dynamic cast U MPOBEPKOH, TaKk
9TO pm OYJET HMCMOJB30BATHCS TOJHKO TOTZIA, KOTJA COICPKUT TPABUIHHBIN
yKa-3aTelb.

IpeIbIIyIIeM pUMepe ornepanus dynamic cast MpeoOpasyeT ykazaTelb
Ha 06a30BBIN KJIacCc B yKa3aTeab Ha MPOU3BOAHBIN. Ee Takke MOKHO MPUMEHSATh
1S TpaHchopManuu 1-3HaueHus Tuma 6a30BOro Kjiacca B CChUIKY Ha THII ITPOM3-
BOAHOr0. CHHTAaKCHC TaKOr0 MCMOJIb30BAHMS dynamic cast CIAEAYFOILIHA:

dynamic cast< Typeé& >( lval )

3nech Types — 3TO 1IEJIEBOM THII peoOpa3oBaHus, a 1val — |-3HadyeHne THIIA
6a3oBoro kiacca. OrnepaH 1val YCIEIIHO MPUBOJUTCS K TUITY Types& TOJIBKO B
TOM CJyuae, Korja lval JEHUCTBUTEIBHO OTHOCUTCS K OOBEKTY Kjacca, JJis KO-
TOPOTO OJIMH U3 MPOU3BOJIHBIX UMEET THUII Type.

[TockoJIbKY HYJIEBBIX CCBUJIOK HE ObIBAET, TO MPOBEPUTH YCIEUTHOCTD BBIMO -
HEHHMS Olepalud IIyTeM CpaBHEHHMS pe3ysibrata (T.€. BO3BpalllEHHOU
OMepaTopoM dynamic cast CCBUIKM) C HyJIEeM HEBO3MOXHO. Ecam BmecTo
yKa3aTesel UC-T0JIb3YI0TCS CChIIKH, TOT/1a CJICAYIOIIEE YCIOBHE:

if ( programmer *pm = dynamic_cast< programmer* >( pe ) )

Henp3s nepenucars B BUzE:

if ( programmer &pm = dynamic cast< programmer& >( pe ) )

Jlnst n3BelieHus 00 omuoKe B Cilyyae NpUBEACHUS K CCBIIIOYHOMY THITY OIle-
paTop dynamic cast BO30yxaaeT uckioueHnue. CiaenoBaTesbHO, MPeabLIY I
MIPUMEP MOXKHO 3aIUCaTh TaK:

#include < typeinfo>
void company::payroll( employee &re )
{
try {
programmer &rm = dynamic cast< programmer & >( re );
// eniieuciaaou rm aey auciaa programmer: :bonus ()
}
catch ( std::bad cast ) {
// eniieuciaaou ooieocee-?eaiu eeanna employee

}

cllydae HEyJIayHOro 3aBepILICHHs] CChUIOYHOIO BapHaHTa dynamic cast
BO30YXKIaeTcsd MCKIIOYeHHE TuMa bad cast. Kiacc bad cast ompezeneH B
CTaHAApTHON OUOIMOTEKE; JJIsi CCHIIKA HA HETO HEOOXOIUMO BKIIOYUTH B MPO-
rpaMmy 3arojioBouHbiit (aitn. (MckmrodeHus: U3 craHgapTHOW OUOIMOTEKH MBI
OyJieM paccMaTpuBaTh B CJIEAYIOIIEM pa3jiesie.)
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Korma crnenyer ynoTpeOasiTh CChUIOYHBIA BapUAHT dynamic cast BMECTO
yKa3aTeJIbHOro? JTO 3aBHCHUT TOJIBKO OT XejlaHus nporpammucta. Ilpu ero uc-
M0JIb30BaHUU UTHOPUPOBATH OMIUOKY MPUBEICHUS TUMA U paboTaTh C pe3ysbTa-
TOM 0e3 MpoBepKHU (KaK B yKa3aTeIIbHOM BapHUaHTE) HEBO3MOXKHO; C JIPYTO#l CTO-
POHBI, MPUMEHEHNE UCKIIOYEHUIN yBEIMYMBACT HAKJIAHBIE PACXO/bl BO BpPEeMs
BBITIOJIHEHUS POTPAMMBI.

11.2 Oneparop typeid

Bropon omeparop, Bxoasmuii B coctaB RTTI, — 310 typeid, KOTOpBIA
MO3BO-JII€T BBIICHUTH (DaKTUUYSCKHUI THUIT BhIpakeHUs. Eciii oHO NMpUHAIIEKUT
TUIMY KJIacca U 3TOT KJIACC COJIEPKUT XOTS Obl OJIHY BUPTYAIbHYIO (PYyHKIIHIO-
YJI€H, TO OTBET MOXET W HE COBMNAJaTh C TUIIOM CaMOro BhIpakeHus. Tak, eciu
BBIpaKEHHUE SIBJISICTCS CCBUIKOM Ha 0a30BBIM Kiacc, TO typeid COOOIIAET THII
IIPOM3BOJIHOTO KJIacca 0ObEKTa:

#include < typeinfo>

programmer pobj;

employee &re = pobj;

n ooieoeae name() iu iiciaeiieiny a iia?acaaea, iinayuaiiii type info
iia aica?auaao C-no?ieo "programmer"

coiut <<typeid( re ) .name () <<endl;

Onepanp re oneparopa typeid UMeET TUI employee. Ho Tak kak re — 31O
CChUIKA Ha THII KJIacca ¢ BUPTYyAIbHBIMU (DYHKIIUSMH, TO typeid FOBOPHUT, UYTO
THUII aJJpeCyeMoro o0beKkTa — programmer (a HE employee, Ha KOTOPBIN CChLIA-
ercsa re). IlporpamMma, MCHmonb3yrolas TaKOW ONEpaTop, JOKHA BKIIHOYATH
3aro-JIOBOYHbIN (haiisl, 4UTO MbI U CAENAIU B ’TOM MPUMEPE.

['me mpumensieTcs typeid? B cloXHBIX cucTeMax pa3paOOTKH, HAIPUMEP TIPH
MTOCTPOCHUH OTJIATYNKOB, a TAaK)KE MPU HMCIOJb30BAHUHA YCTOWYUBBIX OOBEK-TOB,
M3BJICUCHHBIX M3 0a3bl MaHHBIX. B Takux cucTteMax HEO0OXOAMMO 3HATh (hak-
TUYECKUN THUIT 00BEKTa, KOTOPHIM MpOrpaMMa MaHHUITYJIHPYET C MTOMOIIBI0 yKa3a-
TENs WM CCBhUIKM Ha 0a30BBbIM KJacc, HampuMep JUIsl TOJYYCHHS CIHMCKa €ro
CBOMCTB BO BpeMs ceaHca pabOoThl C OTIAAUYMKOM WITU JJIS MPaBUIILHOTO COXpaHe-
HUS WIA W3BIeYeHHs 00bekTa u3 0a3pl naHHbIX. Omeparop typeid AOMYyCTHMO
WCIIOJIb30BaTh C BBIPAXKEHUSMU W UMEHaMHU JIOOBIX THUNoOB. Hampumep, ero ore-
paHgaMH MOTYT OBITh BBIPOKCHHS BCTPOSHHBIX THUIIOB W KOHCTaHTHI. Ecimu ome-
paH/ He IPUHAJICKUT K TUITY KJ1acca, TO typeid IPOCTO BO3BpAIAET €ro THII:

int iobj;
cout << typeid( iobj ).name () << endl; // 1a?aocaaony: int
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|cout << typeid( 8.16 ).name() <<endl; // meuataerca: double |

Ecnu onepany mMeer TUl Kjiacca, B KOTOPOM HET BUPTYaJbHBIX (PYHKIUH,
TO typeid BO3BpalllaeT TUII ONIEPAH/IA, a HE CBSI3AHHOI'O C HUM OOBEKTa:

class Base { /* HeT BUPTyaJibHEIX QYHKUMI */ };

class Derived : public Base { }; Derived

dobj;

Base *pb = &dobj;

cout <<typeid( *pb ).name () << endl; // neuaraercsa: Base

OnepaHj typeid UMEET THUIl Base, T.€. THUN BbIpaxkeHUs1 *pb. [IoCKOIbKY B
KJIacCe€ Base HET BUPTYaJbHBIX (DYHKIMH, pe3yJbTaToM typeid OyleT Base,
XOTs1 OOBEKT, HAa KOTOPBIN YKa3bIBAET pb, UMEET TUI Derived.

Pe3ynbrarhl, BO3BpAaIlllCHHBIE OMNEPATOPOM typeid, MOXKHO CPaBHUBATH.

Hanpumep:
#include <typeinfo>
employee *pe = new manager;
employee& re = *pe;
if ( typeid( pe ) == typeid( employee* ) )

// ?20i-0i naaeaou

/ *
if ( typeid( pe ) == typeid( manager* ) )
if ( typeid( pe ) == typeid( employee ) )
if ( typeid( pe ) == typeid( manager ) )
*/

VYciioBue B HHCTPYKLMM if CPAaBHUBAET PE3yJIbTAThl IPUMEHEHUS typeid K
ONE€paH]ly, SIBJISIOIIEMYCS BBIPAXKEHUEM, U K OINEPAHY, SABJISIOLIEMYCSI UMEHEM
tuna. O0paTtuTe BHUMaHKE, YTO CPABHEHHUE BO3BPAIAET UCTUHY:

typeid( pe ) == typeid( employee* )

910 YAUBHUT HOHBBOB&TCJ’IGI\KJI, IIPUBBIKIINX ITNCAThb:

BLI3OB BUMPTYAaJIbHOM QYHKIUM
pe->salary () ;

OTO TNPUBOAUT K BBI30OBY BHUPTyaIbHOW (QYHKIIMU salary() H3
IIPOU3BOOHOI0 Kjacca manager.]IOBeﬂeHHe typeid(pe) HE NOAYUHSICTCA
JaHHOMY MEXa-HU3My. OTO CBSI3aHO C TEM, YTO pe — yKa3areinb, a A
MOJTyYSHUS THITA TTPOU3-BOJAHOTO KJIacca OMEPaHIOM typeid AOKEH OBITH THUII
KJIacca ¢ BUPTyaJbHbIMU (DYHKIUAMHU. BbIpakeHue typeid(pe) BO3BpalllaeT
TUMN pe, T.€. YKa3aTellb HA employee. JTO 3HAYEHHE COBMAAACT CO 3HAYCHUEM
typeid(employee*), TOrZa KakK BCE OCTAJIbHbIC CPABHCHUS NArOT JIOXKb.

Tonbko mpu ynoTpeOICHUU BBHIPAKECHUS *pe B KaueCTBE OMEpaHIa typeid
pe3yJbTat OyAeT CoepKaTh TUM 00BEKTa, Ha KOTOPBIN YKa3bIBaeT pe:
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typeid( *pe ) == typeid( manager ) // MCTUHHO
typeid( *pe ) ==typeid( employee ) // JIOXHO

B 3Tux cpaBHEHUSX *pe — BhIpaKEHUE THUIA KJIaCCa, KOTOPBIM UMEET BUPTY-
anbHbIe PYHKIUHU, TO3TOMY PE3yJIbTaTOM MIPUMEHEHHUS typeid OyJeT TN aape-
CyEMOTO ONepaHJ oM OOBbEKTa manager.

Tako¥ onepaTop MOXHO UCHOJIb30BaTh U CO CChUIKAMM:

typeid( re ) ==typeid( manager ) // WCTUHHO
typeid( re ) ==typeid( employee ) // JIOXHO
typeid( &re ) ==typeid( employee* ) // MCTUHHO
typeid( &re ) == typeid( manager* ) // JIOXHO

B mepBbIX ABYX CpaBHEHUSAX OIEpPaH[ re MMEET THI KJIacca C BUPTyalbHBIMU
GyHKUUSIME, TTIO3TOMY PE3yIbTaT MPUMEHEHHUS typeid COMEPXKUT THUI OOBEKTA, HA
KOTOPBIA cChUIAaETCs re. B mociieMHUX ABYX CpPaBHEHUAX ONEPaH[ &re UMEET THI
yKazareJs, CJIeI0BaTelbHO, PE3yJIbTATOM OYJET TUIl CAaMOI0 ONEPaH/a, T.€.
employee*.

Ha camom pene omepatop typeid BO3BpamaeT oOOBEKT Kiacca TuMa
type info, KOTOpBIA OIpeneseH B 3aroioBOYHOM dailie <typeinfo>. HHTep-
delic 3TOrO Ki1acca MOKa3bIBAET, YTO MOXKHO JIeNIaTh C Pe3yJIbTaTOM, BO3BpAILEH-
HBIM typeid.

11.3 Uepapxus KJIaCCOB UCKJIIOYCHUN

HayvaJie 3TOrO paszzesia Mbl ONPENeINId UePAPXUI0 KIIACCOB UCKIIOUEHUH, C
MOMOIIIbI0 KOTOPOW Hallla MmporpaMma cooOIaeT o0 aHOMaJbHBIX CUTyarusx. B
cTaHmapTHON OmoOmmoreke C++ ecTh aHAJIOTWYHASI WEpapXusi, TMpeTHA3HAUYCHHAS
JUIS U3BEIEHUsS 0 MpodieMax MpU BHINOJHEHUH (QYHKIIUN U3 caMOil cTaHIapTHOU
OMOMMOTEeKH. DTH KIIACCHl UCKITIOUYCHHUI BBl MOJKETE HCITOIh30BaTh B CBOMX IPO-
rpaMMax HETOCPECTBEHHO HIIM CO3JaTh MPOU3BOAHBIE OT HUX KIJIACCHI JJISl OMH-
caHusi COOCTBEHHBIX CTICIIM(PUICCKUX UCKITIOUCHHM.

KopHeBoii kJlacC UCKIIOUEHUS B CTAaHOAPTHOW HEpPaApXUU HA3bIBACTCS
exception. OH ompenesieH B CTaHJAAPTHOM 3aroJIOBOYHOM Gaiijie U sSBISCTCS
0a-30BbIM JJIs1 BCEX UCKIIOUEHUM, BO30YKIaeMbIX (PYHKIIUSIMUA U3 CTaHAAPTHOU
o6u6-moteku. Kiacc exception UMeeT ciaeayronui uutepdeic:

namespace std {
class exception

public:
exception () throw();
exception( const exception & ) throw();
exception& operator=( const exception & )
throw(); virtual ~exception() throw();
virtual const char* what () const throw();
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Kak u Bcskuii 1pyroit knacc u3 cranaaptHol Onbnnorekun C++, exception
MOMEIIeH B TPOCTPAHCTBO HMEH std, 4YTOOBI HE 3acopsTh TIJ00AIBbHOE
IPOCTPaH-CTBO UMEH MTPOTPaAMMBI.

[TepBbie yeThipe HYyHKIIMU-UIICHA B OMPEICICHUN KJIacca — 3TO KOHCTPYKTOP
M0 YMOJTYaHUIO, KOMUPYIOLIUI KOHCTPYKTOP, KOMUPYIOLIUI orepaTop npucBau-
BaHUA U eCcTPyKTOp. [locKOIbKY BCE OHU OTKPBITHI, JH00asi MporpaMma MOKET
cBOOOMHO co37aBaTh W  KOMHUPOBATh OOBEKTHI-UCKIIOUEHHUS, a Takke
npucBauBaTh UM 3HaueHUs. JlecTpykTop OOBSBIEH BUPTYalIbHBIM, YTOOBI
clienaTh BO3MOXKHBIM JlajlbHENIIIee Haclel0BaHie KIIacCy exception.

CaMoil UHTEpECHOW B 3TOM CIIMCKE SIBJISCTCS BUPTyasbHas (QYHKIHS what (),
KoTopasi Bo3Bpam@aeT C-CTPOKY C TEKCTOBBIM OIHMCAHHEM BO30YKICHHOIO MC-
kiaroueHus. Kimaccel, mpou3BOAHBIE OT exception, MOTYT 3aMECTUTh what () COO-
CTBCHHOM BEpCHEH, KOTOpas Jy4llle XapaKTepu3yeT 00beKT-UCKITFOUCHHE.

OtmeTuM, 4TO BCe (PYHKITMU B ONPEIEIICHUH Kjacca exception UMEIOT My-
CTyI0 crenu(uKaIuo throw (), T.€. HE BO30YXIAaIOT HUKAKWX HCKIIOYCHHM.
[Iporpamma MOXKET MaHHIYJIMPOBATh OOBEKTAMHU-UCKITIOUECHUSAMH (K MPUMEDPY,
BHYTPH catch-00pabOTUYUKOB THIA exception), HE ONACASACH, YTO (DYHKIIMH CO-
3/1aHUS, KOIUPOBAHKS M YHUYTOKCHHS ITUX 00BEKTOB BO30YAAT UCKIIFOUCHUS.

[ToMHUMO KOpHEBOI'O exception, B CTAaHJAAPTHOW OMOIMOTEKE €CTh U APYTHUE
KJIaCChI, KOTOPHIC JOIMYCTHMO HCIIOJB30BaTh B IpOrpaMMe JIJIsl U3BEIICHUS 00
ommOKax, 0OBIYHO TMOJPa3CIICMbIX Ha ABE OOJBIINX KATETOPUU: JIOTHUCCKHE
OIIMOKHU Y OIIMOKY BPEMEHU BBHITIOJTHEHUSI.

Jlorndeckue ommOKH 00YCIIOBIICHBI HAPYIICHHEM BHYTPEHHEH JIOTUKHU TIPO-
rpaMMBbI, HAIlpUMEP JIOTUUECKUX TIPEAYCIOBUM WM MHBApUAHTOB Kjacca. [Ipen-
mojlaraeTcsi, 4YTo WX MOXKHO HaWTH H TPEJOTBpPaTUTh €IIe J0 Havaja
BBITIOJTHEHUS ~ mporpamMMmbel. B cranmaptHOl  OMOJIHMOTEKE  OmpeesieHbI
CICAYIOIINE TaKUE OIMUOKH:

namespace std {

class logic _error : public exception { // nmormueckas oummbxa
public:

explicit logic error( const string &what arg );
}i
class invalid argument : public logic error { // HeBepHEHZ
aprymeHT public:

explicit invalid argument ( const string &what arg );
}i
class out of range : public logic error { // BHe
ouanasoHa public:

explicit out of range( const string &what arg );
}i
class length error : public logic error { // HepepHasd
nnviHa public:
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explicit length error( const string &what arg );
bi
class domain error : public logic error { // BHe momnycTMMOM
obylacTu public:
explicit domain error( const string &what arg );
}i

OyHKIMS MOXET BO30YIUTh HUCKIIOYEHHE invalid argument, €CIU MOJY-
YUT apTyYMEHT C HEKOPPEKTHHIM 3HAYCHHEM; B KOHKPETHOW CHUTYaIllMH, KOTIa
3Ha-4Y€HHE apryMEHTa BBIXOJUT 3a TMpeAesibl JIOMYyCTUMOrO JIhara3oHa,
paspemiaercsi BO30YIWTh HCKIIOUCHHE out of range, a length error
WCITOJIB3YETCSI JIJISl OTOBEIIECHUS O TOMBITKE CO3AaTh OOBEKT, IJIMHA KOTOPOTO
MPEBBINIAECT MAKCH-MAJIBHO BO3MOXHYTO.

OmunbKu BpeMEHHU BBITIOJIHEHMSI, HAIPOTUB, BBI3BaHBI COOBITUEM, C CaMOU
pOrpaMMoON HE CBSI3aHHBIM. [Ipemmosaraercs, 4TO WX HEIb3S OOHAPYKHUTH,
MOKa MporpamMMa He Hauyajia pabotats. B cranmapTHol OMOIHOTEKE ONPEICIICHbI
CJIe-TyIOIINE TaKUe OMHUOKH:

namespace std {
class runtime error : public exception { // oumbra BpemMeHU
BEITIOJIHEHUM A N
public:
explicit runtime error( const string &what arg );
}i
class range error : public runtime error { // oumbka
mmanasoHa public: B
explicit range error( const string &what arg );
}i
class overflow error : public runtime error { //
nepenosiHenne public: -
explicit overflow error( const string &what arg );
bi
class underflow error : public runtime error { // norepsa
3Ha4YMMOCTU publIc: B
explicit underflow error( const string &what arg );
bi

@DyHKIUSA MOXKET BO30YIUTh UCKIIOYEHUE range error, YTOOBI COOOLIUTH
00 omuOKke BO BHYTPEHHUX BblUMCIEHUSX. MckitoueHue overflow error
rOBO-pUT 00 omKOKe apu(pMeTHIECKOro NepernoHeHus, a underflow error —
0 MO-Tepe 3HAYUMOCTH.

Knacc exception sBasgeTcs 0a30BBIM M JJIs KJIacCa MCKIIOUCHMS bad alloc,
KOTOpOE BO30YXIAeT OmepaTrop new (), KOTJa €My HE YAaeTCsl BBIICIHUTH 3arpo-
IICHHBI 00BhEM MaMsITH, U JJIS KJlacca MCKITFOUEHHS bad cast, BO30YKIaeMOro

CUTYaIluH, KOT/Ia CCHUTOYHBIN BapuaHT OMeparopa dynamic cast HE MOXKET
OBITH BBIMIOJIHEH
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OnpenenuMm ornepaTop operator[] B IIA0JIOHE Array TakK, YTOOBI OH

BO36YXOH3H:IRHUHOqCHHe THIIA range error, €CIM HHACKC MacCHBa Array

BBIXOOUT 34 I'PAHHUIIBI:

#include <stdexcept>
#include <string>

template <class elemType>
class Array {
public:

//

elemTypeé& operator[] ( int ix ) const

{

if (ix < 0 ix >= size )

{
string eObj =
"ommbKa: BHe IOuanasoHa B Array<elemType>::operator[] ()

"; throw out of range( eObj );

’

}

return iaflix];

}

private:
int size;
elemType * ia;

bi

s ucnosib30BaHus MPEIONPEACIICHHBIX KJIACCOB MCKIIIOUEHUH B MpOrpammy
HEOOXOJMMO BKJIIOYHTH 3arojoBouHbIi (aiin. Omnucanue BO30yXIEHHOTO HC-
KIIFOUEHHUS COJEPKUTCA B OOBEKTE eObj THUMA string. DTy MHOOPMAIMIO MOXKHO

U3BJIeYb B 00pabOTUYHKE ¢ MOMOUIbIO (QYHKIIMU-YIEHA what () !

int main ()

{

try {
// dyHxums main () Takadg xe, Kak B pasmeye 16.2
}
catch ( const out of range &excep ) {
neyaTaeTCcs:

ommbka: BHe ImanaszoHa B Array>elemType>::operator[] ()
cerr << excep.what() << "\n ";
return -1;

JAHHOW peayiv3alliy BBIXOJl MHJEKCAa 3a Npenesibl MaccuBa B (PYHKIUU
try array() OpUBOJAUT K TOMY, 4YTO ONEpaToOp B3ATHUS HHICKCA
operator([] () KJacca Array Bo36y>1<)1aeT HCKIIIOUCHHUEC THIIA out of range,

KOTOPOE MEPEXBA-THIBACTCS B main () .
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NATTEPHbI MPOEKTUPOBAHUA

[TaTTepHBI MPOCKTHPOBAHUS MPEAHAZHAYCHBI JJIS:

3¢ (HEKTUBHOTO PELICHUS XapaKTePHBIX 337a4 MPOCKTHPOBAHHS,

0000IIIEHHOTO OTMCAaHUS PEIICHUS 3a/1a9l, KOTOPOE MOYKHO MCTIOJB30BaTh

Pa3TUYHBIX CUTYAIHSIX;

yKa3aHUsl OTHOIICHUS W B3aMMOJICHCTBHS MEXIY KiIacCaMH M 00BEKTaMH.

AJNTOPUTMBI HE SBISIOTCS MATTEPHAMHU, T.K. PEIIAOT 33]]a4y BBIUMCIICHHS, a
He mporpaMmMupoBanrs. OHU ONMKCHIBAIOT PEIICHUE 3a7a49d 10 I1aram, a He 00-
IIMA MOAXOJ K €€ PELIEHHUIO.

[TaTTepHBI IPOEKTUPOBAHUS SBJISIOTCS WHCTPYMEHTaMH, TPU3BAaHHBIMU I10-
MOYb B PEIICHUH IMIHUPOKOTO KPyra 3a1a4d CTaHAAPTHBIMA METoaMU. YTO 1MOJI0-
KUTEITHHOE HECET MCIOJb30BaHUE MATTEPHOB MPH MPOCKTUPOBAHHUH MTPOTPAMM-
HBIX CUCTEM:

KQKIIBIM MMAaTTEpH OMKCHIBACT PEIICHUE TIEJIOTO Kilacca mpooem;

KQK/]IbIM MaTTepH UMEET U3BECTHOE UMSI;

MMEHA MATTEPHOB MO3BOJISIOT a0CTPAarupoBaThCsi OT KOHKPETHOTO ajro-
puTMa, a pemaTrh 3aJady Ha YpOBHE OOIIEro moaxoja. OJTO IO3BOJISCT
OOJIErYnTh B3aMMOJCHCTBUE MPOTPAMMHUCTOB pPaOOTAIOIMIUX JakKe Ha Pa3HBIX
A3BIKaX MPO-TPaMMHUPOBAHUS;

IpaBUWIBLHO CHOPMYIIMPOBAHHBIN MATTEPH MPOSKTUPOBAHUS MTO3BOJISIET,
OTBICKAB YJIAYHOE PEIICHHE, ITOJIh30BATHCSI UM CHOBA U CHOBA;

1a0JIOHBI POCKTUPOBAHUS HE 3aBHCAT OT SA3bIKA MPOTPAMMUPOBAHUS
(0OBEKTHO-OPUEHTUPOBAHHOT0), B OTJIMYUE OT UJIUOM.

Nnnoma (mporpaMMupoBaHue) — HU3KOYPOBHEBBIH 11a0JIOH TPOESKTHUPOBA-
HUS, XapaKTEPHBIN JJI1 KOHKPETHOTO A3bIKa IPOTPaMMHUPOBAHUS.

[TporpamMHas uaromMa — BBIpaKEHHE, 0003HAYAIOIIEE ASJIEMEHTAPHYIO KOH-
CTPYKIIHIO, THITMYHYIO JIJISI OJTHOTO MIJIH HECKOJBKUX S3BIKOB MTPOTPAMMHUPOBAHUSL.

12.1 ITopoxkaaromme NaTTrepHbl NPOCKTUPOBAHUSA

AOCTparupyroT npouecc MHCTaHUUpoBaHUS. OHM TMO3BOJISIIOT ClIEJIaTh CH-
CTEMY HE3aBHUCUMOU OT criocoba co3/jaHusl, KOMIIO3UIIUU U MPEJICTABICHUS 00h-
exToB. [11a6G10H, MOPOXKAAONINNA KJTACChl, UCTIOJIB3YET HACIEI0OBAaHHUE, YTOOBI 13-
MEHSTh MHCTAHIIUPYEMbIN KJIacC, a Ma0JioH, MOPOKAAOIINNA 0OBbEKTHI, JACJIeTH-
pYET MHCTAHIIMPOBAHUE JPYTroMYy OOBEKTY.

WucTannupoBanne — co3AaHue YK3EMIUIsIpa Kiacca. B oTimumne ot cinoBa «co-
3/1aHUE», IPUMEHSCTCS HEe K 00BEKTY, a K KJ1accy. To ecTh, TOBOPST: «CO31aTh
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AK3EMIUISIp Kjacca WM MHCTAaHUMPOBATh KiacCc (B BUPTYaIbHOU Cpene)».
[Topox-maroryie madIOHBI UCTIOIB3YIOT MOIUMOP(PHOE HHCTAHITUPOBAHUE.

OTu 1mabJI0HbI OKa3bIBAIOTCSA BaXKHBI, KOTJa CUCTeMa OOJbIIEe 3aBUCUT OT
KOM-TIO3UIIUA OOBEKTOB, 4Y€M OT Hacie[oBaHUs kiaaccoB. OCHOBHOW ymop
JIeJaeTcs He Ha KECTKOM KOJMPOBAaHUU (PMKCUPOBAHHOTIO HAOOpa MOBENICHUM, a
Ha ompejelie-HuM HeOoapIoro Habopa (GyHAAMEHTAIbHBIX TOBEJICHUN, C
MOMOIIBIO KOMIO3U-IIUM KOTOPBIX MOXKHO TMOJIy4aTh JiIoO0oe ducio Oosee
cinoxHbIX. Takum oOpazom, N5t CO3/1aHUsI 00BEKTOB C KOHKPETHBIM MTOBEJICHHUEM
TpedyeTcs HeuTo OoJIbIIIee, YeM MPOCTOE NHCTAHIIUPOBAHUE Kilacca.

[Topoxxnarorue mabIOHBI MHKANCYIHPYIOT 3HAHHUS O KOHKPETHBIX KJlaccax,
KOTOpBIC MIPUMEHSIOTCS B cucteMe. OHHM CKPBIBAIOT JIETAINA TOTO, KaK 3TU KIIACCHI
CO3/1al0TCA U CTHIKYIOTCS. EnuHcTBeHHas mHpopMaiusi 00 00beKTax, U3BECTHAs
CHUCTEME, — 3TO WX WHTEp(]ENChl, ONpeIeIeHHbIC C TIOMOIIBI0 a0CTPAKTHBIX KJIac-
coB. CrenoBaTenbHO, MOPOXKAAKOUIME MAOJOHBI 00ECIEeYUBAIOT OOJBIIYI0 T'HMO-
KOCTh MPH PEIICHUH BOTIPOCA O TOM, UYTO CO37aeTCs, KTO 3TO CO3/aeT, KaK U KOT/a.

WNHoraa nomycTuMo BBIOUpATh MEXKIY TEM WJIM UHBIM MOPOXKIAONIMM 11a0-
noHoMm. Hampumep, ecTh ciydau, Korjia ¢ MoJab30M JIsl Jiejia MOKHO HCIIOJIb30-
BaTh KaK MMPOTOTHII, TaK U a0CTpakTHYyIO padpuky. B npyrux cutyanusx mopox-
Jarolye MadIoHbI TOMOMHSAIOT ApYT apyra. Tak, MpuMeHssl CTpOUTENb, MOXKHO
HCIIOJB30BaTh APYyrue IMIabJIOHbI IJid pPElIeHUs BOMPOCa O TOM, KaKue KOMIIO-
HEHTBl HY>KHO CTPOUTbH, a MPOTOTHUI YACTO PEAU3YETCs BMECTE C OJUHOYKOM.
[Topoxnatonue mabIOHBI TECHO CBS3aHBI APYT C JIPYTOM, UX PACcCCMOTPEHUE
Jydiie MPOBOJUTH COBMECTHO, YTOOBI Jydllle ObUIM BUIHBI MX CXOJICTBA U
pazu-uusl.

MOPOKIAIOIINM MTaTTEPHAM MPOEKTUPOBAHUSI OTHOCSTCS CIICTYIOIINE:

— abcTpakTHas dabpuka (abstract factory);

— ctpoutens (builder);

— (abpuunbiii MeTon (factory method);

— mpoTtoTul (prototype);

— oMHOYKa (singleton).

12.1.1 A6cmpaxkmnas ¢hadpuxa

AolcTpakTtHas (abpuka (Abstract factory) — mabmoH mTpoeKTUPOBaHUS, MO3BO-
JSIONIANA M3MEHSATH TOBEJICHWE CHUCTEMBI, BaphUPYs CO3/1aBacMble OOBEKTHI, TIPU
3TOM coxpasssi uHTepdeiicel. OH MO3BOJISIET CO3/1aBaTh IIEbIe TPYIIIBI B3aHMO-
CBA3aHHBIX OOBEKTOB, KOTOpbIE, Oyayud CO3/IaHHBIMU OJHOW (padpuKoM, peanu-
3y10T oOmiee nosenaeHue. llabmon peanusyercs co3gaHueM aOCTPaKTHOrO Kiacca
Factory, KOTOPBIH MpPEACTaBIAECT cOOON MHTEpQEic A CO3JaHUsl KOMIIOHEHTOB
CUCTEMBI (HampuMep, Jisi OKOHHOTO UHTepdeiica, OH MOXKET Co3/1aBaTh OKHA U
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KHOMKHU). 3aTEM MHUIIYTCS HACIEIYIOIIHUECS OT HETO KJIACChl, PEATU3YIOIINUE 3TOT
uHTepdeiic.

Hasznauenue:

HpCILOCTaBJIHCT I/IHTCp(l)ef/'Ic JJIA CO3aaHNA CEMEIHCTB B3aMMOCBSI3aHHBIX WJIN
B3aMMO3aBHCHUMbIX O6T>€KTOB, HC CHCI_[I/I(I)I/II_[I/IpyH HNX KOHKPCTHLBIX KJIACCOB

[lnrocor:

M30JUPYET KOHKPETHBIE KIIACCHI,
YIPOILAET 3aMEHY CEMEINCTB MPOAYKTOB;
rapaHTHPYET COYETAEMOCTh MPOJTYKTOB.

Munycor:
CJI0’KHO JJOOABUTH MOJAEPKKY HOBOTO BHJIa MPOIYKTOB.
Ilpumenenue:

Cucrema He JOJDKHA 3aBUCETh OT TOTO, KaK CO3AAr0TCsl, KOMIIOHYIOTCS U IIpeJi-
CTaBIJIAIOTCS BXOJAIIUE B Hee OOBEKTHI; Bxossiiue B ceMeiCTBO B3aMMOCBS3aH-
Hble O0OBEKTHI JOJKHBI HCIIOIB30BAThCSI BMECTE M BaM HEOOXOaUMO 00ecreduThb
BBITIOJIHEHUE ATOr0 orpannyeHus; Cuctema MOJDKHA KOH(DUTYypUpPOBATHCS OJIHUM
U3 CEMEUCTB COCTABIIONINX €€ O0BEKTOB; TPEOYeTCsl MPEeNOCTaBUTh OMOIMOTEKY
00BEKTOB, PACKPBIBas TOJIBKO MX UHTEP(ENCHI, HO HE peaTn3alluio.

#include <iostream>
AbstractProductA
class ICar
{
public:
virtual void info () = 0;
}i
ConcreteProductAl
class Ford : public ICar
{
public:
virtual void info ()
{
std::cout << "Ford" << std::endl;
}
}i
//ConcreteProductA?2
class Toyota : public ICar
{
public:
virtual void info ()
{
std::cout << "Toyota" << std::endl;
}
}i
AbstractProductB
class IEngine
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{

public:

virtual void getPower () = 0;

}i

// ConcreteProductBl

class FordEngine : public IEngine

{
public:
virtual void getPower ()

{
std::cout << "Ford Engine 4.4" << std::endl;
}

bi

//ConcreteProductB?2

class ToyotaEngine : public IEngine

{

public:
virtual void getPower ()

{
std::cout << "Toyota Engine 3.2" << std::endl;

bi
AbstractFactory
class CarFactory

{

public:

ICar* getNewCar ()
{

return createCar();
}
IEngine* getNewEngine ()
{

return createEngine();

}

protected:
virtual ICar*createCar ()= 0;
virtual IEngine*createEngine()= 0;
}i
ConcreteFactoryl

class FordFactory : public CarFactory
{
protected:
from CarFactory virtual
ICar* createCar()

{

return new Ford();

}

virtual IEngine* createEngine ()

{
return new FordEngine();
}
bi
// ConcreteFactory?2
class ToyotaFactory : public CarFactory
{
protected:
from CarFactory virtual
ICar* createCar|()

{

return new Toyotal();
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virtual IEngine* createEngine ()
{
return new ToyotaEngine();

}

}i

int main ()

{
CarFactory* curFactory = NULL;
ICar* myCar = NULL;
IEngine* myEngine = NULL;
ToyotaFactory toyotaFactory;
FordFactory fordFactory;
curFactory = &toyotaFactory;
myCar = curFactory->getNewCar () ;
myCar->info () ;
myEngine = curFactory-
>getNewEngine () ; myEngine-
>getPower (); delete myCar;
delete myEngine;
curFactory = &fordFactory;
myCar = curFactory->getNewCar () ;
myCar->info () ;

myEngine = curFactory-
>getNewEngine () ; myEngine-
>getPower (); delete myCar;

delete myEngine;
return 0;

12.1.2 Cmpoumenw (Builder)
Crpourens (Builder) — ma6ioH npoekTUpOBaHUs, TOPOKAAIOUTUI OOBEKTHI.
Hasuauenue:

OTtaenser KOHCTPYMPOBAHUE CIOKHOTO OOBEKTA OT €ro MPeACTaBICHHUS, TaK
YTO B pe3yJibTaTe OJHOTO M TOTO K€ MPOIecca KOHCTPYUPOBAHUS MOTYT TOJY-
4aThCsl pa3HbIC MPEICTABICHUS.

[Lnrocwr:

IT03BOJISIET U3MEHSTh BHYTPEHHEE MIPEACTABICHUE NPOAYKTA,
M30JIUPYET KO, pETU3YIONINA KOHCTPYUPOBAHUE U TIPEICTABICHUE;
naet 6oJiee TOHKUIA KOHTPOJIb HaJl MPOLIECCOM KOHCTPYUPOBAHMUSL.

Ilpumenenue:

QITOPUTM CO3JIaHUS CJIOKHOTO 00BEKTa HE JIOJKEH 3aBUCETh OT TOTO, U3
KaKWX 9aCTel COCTOUT OOBEKT M KaK OHU CTBIKYIOTCSI MEXIYy COOO0M;

IPOLECC KOHCTPYUPOBAHMSI TOJKEH 00eCIIeunBaTh pa3inyHble PEICTaB-
JIEHUSI KOHCTPYUPYEMOTO OOBEKTA.

#include <iostream>
#include <memory>
#include <string>
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Product

class Pizza

{

private: std::string
dough; std::string
sauce; std::string
topping;

public: Pizza()
{ } ~Pizzal()
{1

void SetDough (const std::stringé& d) { dough = d; };
void SetSauce (const std::stringé& s) { sauce = s; };
void SetTopping(const std::string& t) { topping = t;
} void ShowPizza ()
{
std::cout << " Yummy !!!" << std::endl
"Pizza with Dough as " << dough
", Sauce as " << sauce

" and Topping as " << topping
"L << std::endl;

}i
Abstract Builder
class PizzaBuilder

{

protected: std::auto_ptr<Pizza>

pizza;
public:
PizzaBuilder () {}
virtual ~PizzaBuilder () {}
std::auto ptr<Pizza> GetPizza () { return pizza; }
void createNewPizzaProduct () { pizza.reset (new Pizza);
} virtual void buildDough ()=0;
virtual void buildSauce ()=0;

virtual void buildTopping()=0;
}i
ConcreteBuilder
class HawaiianPizzaBuilder : public PizzaBuilder

{

public:
HawaiianPizzaBuilder () : PizzaBuilder ()
{} ~HawaiianPizzaBuilder () {}
void buildDough () { pizza->SetDough ("cross"); }
void buildSauce () { pizza->SetSauce ("mild"); }

void buildTopping() { pizza->SetTopping("ham and pineapple"); }
}i
// ConcreteBuilder
class SpicyPizzaBuilder : public PizzaBuilder

{

public:
SpicyPizzaBuilder () : PizzaBuilder ()
{} ~SpicyPizzaBuilder () {}
void buildDough () { pizza->SetDough ("pan baked");
} void buildSauce () { pizza->SetSauce ("hot"); }
void buildTopping () { pizza->SetTopping ("pepperoni and salami"); }
bi
Director

class Waiter

{

private:
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PizzaBuilder* pizzaBuilder;
public:
Waiter () : pizzaBuilder (NULL) {}
~Waiter () { }
void SetPizzaBuilder (PizzaBuilder* b) { pizzaBuilder = b; }
std::auto ptr<Pizza> GetPizza () { return pizzaBuilder->GetPizza(); }
void ConstructPizza ()
{
pizzaBuilder->createNewPizzaProduct () ;
pizzaBuilder->buildDough () ;
pizzaBuilder->buildSauce () ;
pizzaBuilder->buildTopping () ;
}
}i
KnmeHT 3akasbBaeT OBe M.
int main ()
{
Waiter waiter;
HawaiianPizzaBuilder hawaiianPizzaBuilder;
wailter.SetPizzaBuilder
(&hawaiianPizzaBuilder) ;
waiter.ConstructPizza(); std::auto ptr<Pizza>
pizza = waiter.GetPizzal(); pizza—>§howPizza();
SpicyPizzaBuilder spicyPizzaBuilder;
waiter.SetPizzaBuilder (&spicyPizzaBuilder)
; wailter.ConstructPizzal();
pizza = waiter.GetPizzal();
pizza->ShowPizza (); return
EXIT SUCCESS;

12.1.3 @aobpuunviit memoo (Factory Method)

®abpuunsiii Mmetoa (Factory Method) — mabnon nmpoekTupoBanusi, peaiusy-
0NN UJICI0 «BUPTYAJIBbHOTO KOHCTPYKTOpPa», TO €CTh CO3JaHUsl 0OBEKTOB 0e3
SBHOTO yKa3zaHWg wuxX Tuna. OTHOCHTCS K TOPOXKTAIOINIMM I1a0JOHAM
MIPOEKTUPO-BAHUS.

Hasznauenue:

Omnpenensier uaTepdeiic g co3naHus 00bEKTa, HO OCTaBIAET MOAKIACCAM
pelieHre o TOM, Kakoi KJIacC MHCTAHIIMUPOBaTh. DaOpUUHBIA METO/ MO3BOJISIET
KJIACCYy JIEJIETMPOBATh CO3/JaHUE MTOJKIIACCAM.

[lnrocor:

MO3BOJIAET ClENaTh KOJ CO3JaHusl 0ObEKTOB Oojiee yHHBEpPCaIbHBIM, HE
MIPUBSI3BIBASICH K KOHKPETHBIM KJlaccaM (ConcreteProduct), a ONEepUpys JIUIb
o0mmmM uHTepdeiicoMm (Product);

MO3BOJISIET YCTAHOBUTD CBSI3b MEXK/Ty MapauIeTIbHBIMU UEPAPXUSIMU KJ1ac-
COB.

Munycuor:
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Heo0xoauMo co3maBaTh HaCclIeIHUKA Creator JIJIS KaXKJI0r0 HOBOT'O TUIIA
HpOﬂYKTa(ConcreteProducty
MPOIYKT (Product) onpenenseT nHTepdeiic 00bEKTOB, CO3aBAEMBIX a0-
CTPAaKTHBIM METOJIOM;
KOHKPETHBIM TMPOAYKT (ConcreteProduct) pealusyeT HHTepderic

co3narenib (Creator) oObsIBIsEeT (aOpUUYHBIM METOJl, KOTOPBIM BO3Bpa-
maeT 00BEKT THIA Product. MOXKET TakKe COACpX,aTh PEATH3AIHNIO 3TOTO Me-
TOAA «TO0 YMOJYAHHUIO»; MOXET BBI3BIBATh (DAOPUUHBIA METOM JJIA CO3JaHUS
00b-eKTa TUIa Product;

KOHKPETHBIN co3/arenb (ConcreteCreator) mnepeonpenenser gpadbpuy-
HBIH METOJ] TaKUM 00pa3oM, YTOOBI OH CO3/1aBajl M BO3BpaIliajl 00bEKT Kilacca

ConcreteProduct.
Ilpumenenue:

KJIaCCy 3apaHee HEU3BECTHO, OOBEKThI KAKMX MOJIKJIACCOB €MY HY>KHO CO-
3/1aBaTh.

KJIACC CIIPOEKTUPOBAH TaK, YTOOBI 0OBEKTHI, KOTOPHIE OH CO3/1a€T, CIIELIU-
(uIpoBaNIKCh MOAKIACCAMHU.

KJIaCC JICJIETUPYET CBOU OOS3aHHOCTH OJIHOMY U3 HECKOJIbKMX BCIIOMOTIa-
TEIbHBIX TOJKIACCOB, M IUIAHUPYETCS JIOKAIM30BAaTh 3HAHHUE O TOM, KaKOM
KJIacC MMPUHUMAET 3TH 00SI3aHHOCTHU Ha ceOsl.

#include<iostream>
#include<string>
using namespace std;
"Product"
class Product{
public:
virtual string getName () = 0;
}i
"ConcreteProductA"
class ConcreteProductA : public Product
{ public:
string getName () {
return "ConcreteProductA";
}
}i
// "ConcreteProductB"
class ConcreteProductB : public Product
{ public:
string getName () {
return "ConcreteProductB";
}
}i
class Creator{
public:
virtual Product* FactoryMethod() = 0;
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b
// "ConcreteCreatorA"
class ConcreteCreatorA : public Creator
{ public:
Product* FactoryMethod () {
return new ConcreteProductA();
}
}i
// "ConcreteCreatorB"
class ConcreteCreatorB : public Creator
{ public:
Product* FactoryMethod () {
return new ConcreteProductB() ;
}
}i
int main () {
const int size = 2;

An array of creators Creator*
creators|[size]; creators[0] = new
ConcreteCreatorA(); creators[l] =
new ConcreteCreatorB():;

Iterate over creators and create
products for (int i=0;i<size;i++) {

Product* product = creators|[i]->FactoryMethod() ;

cout<<product->getName () <<endl;

delete product;
}
int a;
cin >> a;
for (int i=0;i<size;i++)
{ delete creators[i];
}

return 0;

12.1.4 IIpomomun (Prototype)
[TporoTun (Prototype) — 1m1ab10H MPOSKTUPOBAHMUSI, TIOPOKTAFOITHN OOHEKTHI.

Hasznauenue:

3a1aéT BUIBI CO3/1aBAEMbIX OOBEKTOB C MOMOIIBIO IK3EMILISPA-NIPOTOTHIA U
CO3/1a€T HOBBIE OOBEKTHI MyTEM KOMUPOBaHUS 3TOro mnpotoruna. IlarrepH
Prototype (mpoToTHI) MOKHO UCHOIB30BaTh B CAEAYIOIIUX CIyYasx:

CHUCTEMa JIOJKHA OCTaBaThCsl HE3aBUCMMOM Kak OT Ipolecca CO3JaHUs
HO-BBIX OOBEKTOB, TaK M OT THIIOB MOPOXKIaeMbIX 00BeKTOB. HemocpencTBeHHOS
WC-TIOJIb30BAaHUE  BBIPAXCHUS new B KOAC TNPUJIIOKEHUS  CUUTACTCA
HexenaTelbHbIM (oapoOHee 00 3ToM B pazzene [lopoxaaroniye naTrepHsl);

HEOOXO0MMO CO37aBaTh 0OBEKTHI, TOUHBIE KIACCHl KOTOPBIX CTAHOBSITCS
M3BECTHBIMH YK€ Ha CTaJUU BBITIOJHEHHSI POTPAMMBI.

[Lnrocwr:
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JJIA CO34aHNA HOBBIX 00BEKTOB KIIMCHTY Heo0s13aTeNbHO 3HAaTh NX KOH-
KPCTHBIC KJIACCHhI,

BO3MOXKHOCTh THOKOTO YTNPaBJICHHSI MPOIIECCOM CO3TaHUS HOBBIX OOBEK-
TOB 3a CUET BO3MOKHOCTH JUHAMHYECKHUX JT0O0ABJICHUS U YIAJICHUS TPOTOTHUIIOB
peectp.

Munycor:

Kaxxapiit TUD co31aBaeMoro mpoayKTa JOJHKEH Peai30BbIBAThH OMEPAIHI0
KJIOHUpOBaHMs clone (). B ciydae, ecnu TpeOyercss riryOoKoe KOMHUPOBAaHUE
00b-eKkTa (0OBEKT COACPIKHUT CCHUIKH HIIM yKa3aTelIW Ha IPYrHe OOBEKTHI), 3TO
MOKET OBITh HETIPOCTOM 3aa49eH.

llpumenenue:

JUist co3manusi HOBBIX OOBEKTOB MAaTTEPH Prototype MCnosib3yeT NpOTOTHIIBL.
[IpoTOoTHI — 3TO YK€ CYHIECTBYIOIIUN B CUCTEME OOBEKT, KOTOPHIN MOAIECPIKU-
BaeT ONEPALNIO KJIOHHUPOBAHUSA, TO €CTh YMEET CO37aBaTh KOIMHUIO CaMOro ceosl.
Takum oOpa3om, ais cO3aHUA OOBEKTAa HEKOTOPOro Kiacca JIOCTATOYHO
BBIIIOJI-HUTh OMEPALNIO clone () COOTBETCTBYIOLIETO MPOTOTHIIA.

[TaTTepn Prototype peanusyeT nogo0HOE MOBEACHUE CIEAYIOUIMM 00pa3oM:
BCE KJIacChl, 00OBEKThI KOTOPHIX HY’KHO CO3/aBaTh, JOJDKHBI ObITh MMOJAKIACCAMU
OJIHOTO 0011Ier0 a0CTpPaKTHOro 0a30BOr0 Kjacca. DTOT 0a30BbINA KJIacc JOJDKEH
00BABIATH UHTEP(PEIC MeToa clone (). Takxke 31€Ch MOTYT OOBSBISTHCS BUP-
TyaJIbHBIMM U JIpyrue oOILIue MEeTONbl, HaIpuUMep, initialize () B ciydae,
€CJIM T0CJI€ KIOHUPOBAHUS HYKHA MHUIMAIU3alMsl BHOBb CO3/IaHHOTO OOBEKTA.
Bce npon3BoaHbIE KIIAcChl TOJKHBI PEAIM30BBIBATh METOJ clone (). B sA3bIke
C++ nnst co3manus KOMUii 0ObEKTOB UCIIONB3YETCSI KOHCTPYKTOP KOIKMPOBaHUS,
OJI-HaKo, B 0OIIEeM ciyd4ae, CO37JaHHe€ OOBEKTOB IpPH MOMOIIM ONepaluu
KOIIUPOBA-HUS HE ABIISIETCS 005A3aTEIbHBIM.

Hcnonb3yiiTe 3TOT 1a0JI0H NPOEKTUPOBAHUS, KOTJa CUCTEMA HE JI0JDKHA 3a-
BHUCETh OT TOT0, KaK B HEM CO3JaI0TCs, KOMIIOHYIOTCS M TIPEACTABIISIOTCS MPO-
JTYKTBI:

MHCTAaHLMPYEMBIE KJIACCHI ONPEAEIISIOTCSA BO BPEMSI BBIITOJIHEHMUS, HAIIPH-
M€p C MOMOIILI0 JTMHAMUYECKOU 3arpy3Ku;

JUTSI TOTO YTOOBI M30€XKaTh MOCTPOCHHMSI HEPAPXH KIacCOB Win (hadpuK,
napaieIbHBIX UEPAPXUU KIIACCOB MPOYKTOB,;

AK3EMIUISIPHI KJIaCcCa MOTYT HAaXOJIUTHCS B OJTHOM M3 HECKOJIBKUX Pa3jidy-
HBIX COCTOSHUH. MoOXKeT oKa3aTbCs YJI00HEE YCTaHOBHUTH COOTBETCTBYIOIIECE
YHCJIO IPOTOTHUIIOB M KJIOHUPOBATh MX, & HE MHCTAHIIUPOBATh KX BN pa3 KJIacc
BPYYHYIO B MOJXOSIIIEM COCTOSHUU.
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#include <iostream>
#include <vector>
#include <map>

NneHTHOUKATOPE BCEX POIOB BOMCK
enum Warrior ID { Infantryman ID, Archer ID, Horseman ID };

class Warrior; // Onepexamuee OOBIBIIEHME
typedef map<Warrior ID, Warrior*> Registry;

PeecTp npoTOTMIIOB oOlpenejieH B BuIie Singleton Msiyepca
Registry& getRegistry ()
{

static Registry instance;

return _instance;

}

EOVMHCTBEHHOE Has3HAUEHMEe B2TOI'0 KJjlacCa — I[IOMOUIbL B BHOOPE HYXHOTO
KOHCTPYKTOpa INPY CO3OAaHMUM IPOTOTUIIOB
class Dummy { };

[MommMOopQHE Oasz30BBM KJIACC. 3OeChb TakXe OlIpenesleH CTaTUudeCKUM
ODOOOWEHHE KOHCTPYKTOP IJS CO3HaHMsa OOeBHX eIOMHMI BCeX PONOB BOMCK
class Warrior
{
public:
virtual Warrior* clone() =
0; virtual void info () = 0;
virtual ~Warrior() {}
[lapaMeTPMU3UPOBAHHEY CTATUUECKM) MEeTOH IJiS CO3IOaHMsa BOMHOB
BCeX POIOB BOMCK
static Warrior* createWarrior ( Warrior ID id )
{ Registry& r = getRegistry(); -
if (r.find(id) != r.end())
return r[id]->clone();
return 0;
}
protected:
INoBaBJyieHMe IPOTOTMIIA B MHOXECTBO IIPOTOTMIIOB
static void addPrototype( Warrior ID id, Warrior * prototype )
{ Registry& r = getRegistry(); B
r[id] = prototype;

YOoajieHue NPOTOTHUIIA M3 MHOXECTBa MNPOTOTUIIOB
static void removePrototype ( Warrior ID id ) {

Registry& r = getRegistry();

r.erase( r.find( id));

B NpOM3BOOHEIX KJIACCAX PABJIMUHEIX POINOB BOMCK B BUIE CTATUUECKUX
YJIEHOB—INAHHEIX OIPeleJIglTCsS COOTBETCTBYWIME IPOTOTUIIE
class Infantryman: public Warrior
{
public:
Warrior* clone() {
return new Infantryman( *this);
}
void info () {
cout << "Infantryman" << endl;
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}
private:
Infantryman ( Dummy ) {
Warrior::addPrototype( Infantryman ID, this);
}
Infantryman() {}
static Infantryman prototype;

}i

class Archer: public Warrior
{
public:
Warrior* clone () {
return new Archer ( *this);
}
void info () {
cout << "Archer" << endl;
}
private:
Archer (Dummy) {
addPrototype ( Archer ID, this);
}
Archer () {}
static Archer prototype;
}i

class Horseman: public Warrior
{
public:
Warrior* clone() {
return new Horseman( *this);
}
void info () {
cout << "Horseman" << endl;
}
private:
Horseman (Dummy) {
addPrototype ( Horseman ID, this);
}
Horseman () {}
static Horseman prototype;

}i

Infantryman Infantryman::prototype = Infantryman( Dummy()) ;
Archer Archer::prototype = Archer( Dummy()); Horseman
Horseman: :prototype = Horseman ( Dummy());

int main ()

{
vector<Warrior*> v;
v.push back( Warrior::createWarrior (
Infantryman ID)); v.push back(
Warrior::createWarrior ( Archer ID)); v.push back(
Warrior::createWarrior ( Horseman ID));

for (int i=0; i<v.size(); i++)
v[ii]l->info () ;

//

-
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12.1.5 Oounouxa (Singleton)

Onunouka (Singleton) — marTepH, KOHTPOIHUPYIONIUI CO3TaHNE SIUHCTBEH-
HOT0 9K3EMIUIIpAa HEKOTOPOIO KJlacca U MPEIOCTABIIAIOIINN JOCTYII K HEMY

Hasznauenue:

YacTto B cucteme MOI'yT CYmICCTBOBATb CYIMHOCTHU TOJIBKO B CAWMHCTBCHHOM
OK3CMIIIAPE, HAIIpUMCP, CUCTCMa BCACHHUA CHUCTCMHOIO JKYpPHAJId COO6H1€HPII>1
NN npaﬁBep JAUCILIICS. B Takux Claydasax HCO6XOI[I/IMO YMCTb CO314aBaThb
GI[I/IHCTBCH-HHﬁ IK3CMIIJIAAPp HCKOTOPOI'O THIIA, IIPECAOCTABIIATL K HCMY HOCTYII
HN3BHC U 3aIIpC-IIAaTh CO3JaHUC HCCKOJIbKUX OK3CMIIJIAPOB TOI'O JKC THUIIA.

LLnrocwr:

Knacc cam KOHTpoOIMpyeT mpoIece CO3aaHus eAMHCTBEHHOTO dK3eMITISPA.

[TarTepH Jerko aganTupoBaTh AJIs CO3/IaHUS HY>KHOTO YHUCIIa K3EMILIS -
pOB.

Bo3MoxHOCTB co3/1aHNs 0OBEKTOB KJIACCOB, MPOU3BOAHBIX OT Singleton.

Munycuwr:

B ClIy4dac MCIOJb30BaHNA HCCKOJIBKUX B3aUMO3aBUCHUMbBIX OJMHOYCK UX
peain3anuia MOKET PC3KO YCIIOKHHUTBCA.

Ilpumenenue:

Apxurektypa narrepHa Singleton ocHOBaHa Ha Hjiee UCTIOIb30BaHUS TJ10-
OaJIbHOM TIEPEeMEHHOM, UMEIOIICH CIIEAYIOIINE BaXKHbIE CBOMCTBA:
Takast mepeMeHHas TOCTyIIHA Bceraa. Bpems sxu3Hu riiobanbHON
IIEPEMEH-HOM — OT 3aIlyCKa IPOrpaMMBI 10 €€ 3aBEPILICHMUS.
[Ipenocrapiser rinodabHbINA JOCTYII, TO €CTh, TaKas MEPEMEHHAs MOXKET
OBITH JOCTYITHA U3 JIIO00H YacTU MPOTrpaMMBlI.

OnHako, UCIOJIB30BaTh MIOOATBHYIO MTEPEMEHHYI0 HEKOTOPOTO THIA HETO-
CPEICTBEHHO HEBO3MOXHO, TaK KaK CYLIECTBYET MpoljemMa o0ecreyeHus eInH-
CTBEHHOCTH 3K3EMIUISIPA, & UMEHHO, BO3MOXHO CO3/IaHHE HECKOJIbKUX MEePEMEH-
HBIX TOTO K€ CaMOT0 THUIIa (HalpuMep, CTEKOBBIX).

Jlnst pemienus 3Toil mpobsiemsl naTtTepH Singleton Bo3naraer KOHTPOJb HAJl
CO3/IaHHEM €JIMHCTBEHHOT0 00beKTa Ha caM kiacc. JlocTynm K 3TOMy OOBEKTY
OCYy-ILIECTBIISIETCSI 4Yepe3 CTaTHUeCKyl (YHKLUHIO-WICH Kilacca, KOTopas
BO3BPAILAET YKA3aTelb WM CChUIKY HA HEro. DTOT 00BEKT OyAET CO3/1aH TOIBKO
Opy MEepBOM OOpalleHHMH K METOJy, a BC€ MOCIEAYIOIIME BBI30OBBI MPOCTO
BO3BpamaT ero aa-pec. Jlna oOecnieyeHHWs YHHKAIbHOCTH OOBEKTa,
KOHCTPYKTOPHI M OTIepaTop MPU-CBAMBAHUS OOBSIBISIIOTCS 3aKPBITHIMHU.
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Singleton.h
class Singleton
{
private:
static Singleton * p instance;
KOHCTPYKTOPH ¥ OIEepaTop IPMCBaMBaHMUA HEINOCTYIHH KJMEeHTAaM

Singleton () {}

Singleton( const Singletoné& );

Singletoné& operator=( Singleton& );
public:

static Singleton * getInstance() {
if (!p_instance)
p_instance = new Singleton();
return p instance;

}s

Singleton.cpp
#include "Singleton.h"

Singleton* Singleton::p instance = 0;

KnuenTsl 3ampammBaroT €IMHCTBEHHBIN 00BEKT Kilacca 4epe3 CTATUYECKYIO
(yHKUHIO-UJIEH getInstance (), KOTOpas MpPU MEPBOM 3alPOCE THUHAMHUYECKU
BBIJIETISIET MMAMATh [OJ1 TOT OOBEKT U 3aTEM BO3BpPALLAET yKa3aTellb Ha 3TOT y4a-
CTOK MaMsTU. B mocieacTBUU KIMEHTHI JOJKHBI CaMU 1103a00TUTHCS 00 OCBO-
00X/I€HUU TaMSATH NPU IIOMOIIY orepaTopa delete.

[Tocneansist 0COOEHHOCTD SIBJISAETCSA CEPbE3HBIM HEAOCTATKOM KJIACCHUYECKOM
peannzanuu 1mabnoHa Singleton. Tak Kak Kjacc caM KOHTPOJMPYET CO3JlaHUE
€AMHCTBEHHOTO 00BbEKTa, OBLIO OBl JIOTHYHBIM BO3JI0KUTh HA HETO OTBETCTBEH-
HOCTb U 3a pPaspylLIeHHE 00BbEKTa. DTOT HEJOCTATOK OTCYTCTBYET B pealU3aLlU
Singleton, Bnepssie npeasioxxeHHo CkotrToM Maliepcom.

12.2 CTpyKTypHBIE NATTEPHbI POEKTUPOBAHUS

CTpyKTypHBIE MAaTTEPHbI PACCMATPUBAIOT BOIPOCHI O KOMITOHOBKE CUCTEMBbI
Ha OCHOBE KJIaCCOB U 00BEKTOB. [Ipy 3TOM MOTYT MCIOJIB30BATHCS CIEAYIONINE
MEXaHU3MBI:

HaclieJJoBaHue, Korjaa 0a30BbIM Kiacc ompenenser uHTepdeic, a moju-
KJacchl — peanu3anuio. CTPYKTypbl Ha OCHOBE HACJIEOBAHUS MOTyYaloTCs CTa-
TUYHBIMU;

KOMITO3HIIMSI, KOTJa CTPYKTYPBI CTPOSATCS IMTyTeM OOBbeAUHEHUSI 00BEKTOB
HEKOTOPBIX KiaccoB. KOMITO3HIMS TO3BOJSIET MOIydYaTh CTPYKTYPhI, KOTOPHIC
MO>KHO U3MEHSTH BO BPEMSI BHITIOJTHEHUS.

K cTpyKTypHBIM IaTTEpHAM MPOSKTUPOBAHUS OTHOCSATCS CICAYIOIINE:
apanTtep (adapter);

Mmoct (bridge);
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KOMITOHOBIITUK (composite);
nexkoparop (decorator);
IIPOKCH (Proxy).

12.2.1 Aoanmep (Adapter)

Anantep (Adapter) — CTpyKTypHBIH 11a0JIOH MPOEKTUPOBAHUS, MpeIHA3HA-
YEHHBIA /U1 OpraHM3alMy UCTOIb30BaHUS (YHKUUNA OOBEKTa, HEJOCTYITHOTO
U1 MOAU(UKAITNH, Yepe3 CIIeUaIbHO CO3/IaHHbIN HHTEpdeEiic.

Hasznauenue:

YacTto B HOBOM ITPOTrpaMMHOM IPOEKTE HE YAAETCS MOBTOPHO MCHOJb30BATh
yKe cylecTByromuid koa. Hanpumep, umeroniyecs: Kjaccel MOTyT 00JaaaTh
HY>X-HOM (DYHKIIMOHAJIBHOCTBIO, HO HMETb HPH 3TOM HECOBMECTHUMBIEC
uHTepdeicel. B Takux ciydasx cieayer ucnosb3oBaTh naTTepH Adapter.

[Tartepn Adapter, mpeacTaBistoni co00il MporpaMMHyI0 00€pTKY HaJ Cy-
LIECTBYIOLIUMU KJIACCaMHM, NMPeoOpa3yeT X MHTEpPENChl K BUAY, TPUTOTHOMY
JUTSI TIOCTIEAYIOIETO UCIIOIb30BAHMS.

Paccmotpum mpocroii mpuMep, Korja cienyeT IpuMeHsaTh narrepH Adapter.
[lycTe MBI pa3pabaTbiBa€M CUCTEMY KIMMAT-KOHTPOJIS, MPEIHA3HAYCHHOW IS
aBTOMATUYECKOTO IMOAJECPKAHUSA TEMIIEPATypbl OKPYKAIOIIETO IIPOCTPAHCTBA B
3a/laHHBIX Mpefenax. BaKHbIM KOMIOHEHTOM TaKOW CHCTEMBI SIBJISIETCS TEMIIE-
paTypHbI  JaTYMK, C IOMOINBIO KOTOPOTO  H3MEPSIOT  TEMIEPATypy
OKpY’Kalollled cpenbl sl MOCIeAyromero ananusa. Jlist 3Toro maryumka yxe
UMEETCsl TOTOBOE MPOTrpaMMHOE OOecleueHUe OT CTOPOHHUX Pa3pabOTUMKOB,
MpEeCTaBIIAIONIEe COO0N HEKOTOPHIN KIACC ¢ COOTBETCTBYIOIIMM UHTEpPEHCOM.
OpnHako HCIOIB30-BaTh 3TOT KJIACC HEIMOCPEICTBEHHO HE YAACTCS, TaK Kak
MOKa3aHus JaTyuka CHU-MaroTcsi B rpanycax @Dapenreirita. Hyxen amanrep,
npeoOpa3ytonuii Temmnepa-Typy B mkany Llenbcus.

ILnrocwer:

[TatrepH Adapter mo3BosIET HOBTOPHO MCIOJIB30BATh YKE UMEIOLIUNCS KO/,
aJanTupys €ro HECOBMECTUMBbIA HHTepdeidc K BHUAY, HNPUTOJAHOMY IS
UCIIOJIb30-BaHMUSL.

Munycwr:

3agava npeoOpazoBaHusi UHTEP(PEHCOB MOKET OKa3aThCsl HEMPOCTOU B CIIy-
gae, €CJIM KJIMCHTCKHE BBI30BBI W (WJIM) IMepeaBacMble IMmapaMeTphl HE HMEIOT
(GYHKIIMOHATBFHOTO COOTBETCTBHUSI B aIAITUPYEMOM OOBEKTE.

Ilpumenenue:
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[Tyctp kacc, uHTEpdEiic KOTOPOro HYKHO aalTUPOBATh K HY>)KHOMY BHIY,
uMeeT uMs Adaptee. s perieHus 3amadu npeoOpa3oBaHusi ero uHrepderica
nattepH Adapter BBOAUT CIEAYIONIYIO HEPAPXHIO KIIACCOB:

BUPTYaJIbHBIN 0a30BBIN K1acc Target. 37€Ch OOBSABIAETCS MOJIb30BATEIb-
CKuii mHTEpQEHC MOAXOAAIETO BUAA. TONBKO 3TOT MHTEphENC MOCTyNeH st
IIOJIb30BaTES.

IIPOM3BOJIHBIN KJIacC Adapter, pealu3yrOMMi HHTEpdeic Target. B aTom
KJIacCe TaKKe MMEETCsl yKa3aTellb WIM CChUIKa Ha 3K3eMIUIIp Adaptee. [larTepn
Adapter ucnionb3yer 3TOT yKa3aTelb JJIs IEpEeHANPaBIeHUS KIMEHTCKUX BbI30BOB

Adaptee. Tak kak uHtepdelcbl Adaptee U Target HECOBMECTHUMBI MEXIY
c0-00M1, TO 3TH BBI30BBI 0OBIYHO TPEOYIOT MpeoOpa3oBaHUsI.

[IpuBenem peanu3zanuio narrepua Adapter. s mpumepa BhIlIE afanTUPyemM
IIOKa3aHUs TEMIIEPATYPHOI'O JaTYMKA CUCTEMBI KIIMMAT-KOHTPOJIS, IEPEBEAS UX
u3 rpagycoB @apenreiita B rpaaycel Llenscus (mpeamnonaraercs, 4To KOJ 3TOr0
JaTyuKa HEJOCTYIICH NI MOIU(DUKALINN).

#include <iostream>

YXe CylmecTBYyOUMM KJIACC TEeMIepaTypPHOTO IDaTuMKa OKpyXamollell Ccpentl
class FahrenheitSensor

{
public:

[ToNyunTh [OKa3aHMsa TeMIepaTypbl B I'palycax
dapenrenita float getFahrenheitTemp () {
float t = 32.0;
KakKoM TO
Konm return t;

}s

class Sensor

{

public:
virtual ~Sensor() {}
virtual float getTemperature() = 0;

}i

class Adapter : public Sensor
{
public:
Adapter ( FahrenheitSensor* p ) : p fsensor(p)
{1}
~Adapter () {
delete p fsensor;
}
float getTemperature() {
return (p_ fsensor->getFahrenheitTemp ()-32.0)*5.0/9.0;
}
private:
FahrenheitSensor* p fsensor;

}s
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int main ()
{
Sensor* p = new Adapter( new FahrenheitSensor);
cout << "Celsius temperature = " << p->getTemperature () << endl;
delete p;
return 0;

12.2.2 Mocm (Bridge)

Moct (Bridge) — mabi0H npoeKTUpOBaHMs, UCHOJIb3YEMbI B MPOEKTUPOBA-
HUU MPOTPAMMHOTO 00€CTIeUeHUs YTOObl «pa3AesiaTh aOCTPAKIUIO U PEATU3AIUI0
Tak, 9TOOBl OHU MOTJIM M3MEHAThCS HezaBucumoy. [1labmon bridge (ot anrm. —
MOCT) HCHOJIb3YeT WHKANCYJSALNUI0, arperupoBaHWe M MOXKET HCIOJIb30BaTh
HACJIEJOBAHUE JIs1 TOTO, YTOOBI Pa3/IeIUTh OTBETCTBEHHOCTh MEXIY KJIaCCaMHU.

Hasznauenue:

[Ipy yacToM M3MEHEHHH KJjacca, MPEUMYIIeCTBa 00bEKTHO-OPHUEHTHPOBAH-
HOTO IIOJXO0JIa CTAHOBSITCS OYCHb ITOJIC3HBIMH, ITO3BOJIASA JICiIaTh M3MEHEHUS B
nmporpaMmme, o0jaaasi MUHUMAJIbHBIMUA CBEJACHUSIMHU O PEeaIM3allui MPOrPaMMBI.
[ITa6mon Bridge siBisieTCs TOIE3HBIM TaM, IJie HE TOJIBKO CaM KJIacC 4acTO MEHS-
eTcs, HO ¥ TO, YTO KJIacc JIeacT.

IImrocHr:

[Ipome pacuiupsATb CUCTCMY HOBBIMH THIIAMH 34 CUCT COKpPAIICHUA
o61uer0 YHrCiia pOACTBCHHBIX ITIOAKIIACCOB,

BO3MOYKHOCTh JUHAMUYECKOTO U3MEHEHHUS PeAI3alii B IIPOLECCE BbI-
MOJIHEHUS TPOTPAMMBI;

natTepH Bridge moHOCTHIO CKpBIBACT peaan3aliio oT KIneHTa. B ciydae
MOJIU(PUKAINY PEATTU3AIMH TT0JIH30BATEIBCKUN KO HE TPeOyeT MepeKOMITHIIS-
UM,

Ilpumenenue:

Korna aGcTpakuusa v peanuzanusi pasfeiieHbl, OHU MOTYT M3MEHSThCS He3a-
BUcuUMO. PaccmoTpuM Takyro aOcTpakiuio kak ¢urypa. CyIiecTByeT MHOKECTBO
TUNOB (PUTYp, Kaxk1as CO CBOMMH CBOMCTBaMHU M MeTonaMu. OIHAaKO €CTh YTO-TO,
yTOo 00BeauHseT Bce ¢urypel. Hampumep, kaxnas ¢urypa nokHAa YMETb PUCO-
BaTh cebsl, MacITabupoBaThCs U T.I. B TO ke BpeMs pucoBaHue rpadukd MOKET
oTanyathes B 3aBucuMoctu oT tuna OC, unu rpadudeckoit Oubnuorexu. Gu-rypsi
JOJDKHBI UMMETh BO3MOXHOCTh PHCOBATh C€O0sl B PA3IMUYHBIX TpapUUECKUX Cpenax,
HO pealn30BbIBaTh B Kaxa0H ¢urype Bce CHocoObl pPUCOBAaHUS WM MO-
muuurpoBaTh (GUIypy KaXKIblii pa3 NMpu HW3MEHEHUH Cloco0a pUCOBAHUS He-
npakTHuHO. B 3TOM ciyyae momoraet mabiaon Bridge, mo3Bosisisi co3naBath HO-
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BbIE€ KJIACChl, KOTOphIe OyAyT peaJu30BbIBaTh pPHUCOBAHHUE B PA3TUYHBIX

rpaduue-ckux cpenax. [Ipum ucmonbp3oBaHMM TaKOro MOIXOJa OYEHb JIETKO

MOYHO 100aB-JISITh, KaK HOBBIE (PUTYPBI, TAK U CLIOCOOBI UX PUCOBAHMUS.
[TpuBenem peanuzanuio Jorrepa ¢ mpuMeHeHneM narrepHa Bridge:

Logger.h - AbBcTpakumsa
#include <string>

Onepexamplee OOBSABIIEHUE
class LoggerImpl;

class Logger
{
public:
Logger ( LoggerImpl* p );
virtual ~Logger( );
virtual void log( string & str ) =
0; protected:
LoggerImpl * pimpl;
}i

class ConsolelLogger : public Logger
{
public:
ConsolelLogger () ;
void log( string & str );
bi

class FilelLogger : public Logger
{
public:
FileLogger( string & file name );
void log( string & str );
private:
string file;

}i

class SocketLogger : public Logger

{
public:

SocketLogger ( string & remote host, int remote port
); void log( string & str );

private:
string host;
int port;

}i

Logger.cpp - AOcCTpakumusa
#include "Logger.h"
#include "LoggerImpl.h"

Logger::Logger ( LoggerImpl* p ) : pimpl (p)
{ }

Logger: :~Logger ( )
{
delete pimpl;

}
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ConsolelLogger: :ConsoleLogger ()
Logger ( #ifdef MT
new MT LoggerImpl ()
#else
new ST LoggerImpl ()
fendif

{1}

void ConsolelLogger::log( string & str )
{

pimpl->console log( str);
}

FileLogger::FilelLogger( string & file name )
Logger ( #ifdef MT N
new MT LoggerImpl ()
#else
new ST LoggerImpl ()
#endif
), file(file name)

{1}

void Filelogger::log( string & str )
{

pimpl->file log( file, str);
}

SocketLogger::SocketLogger ( string & remote host,
int remote port ) : Logger (
#ifdef MT
new MT LoggerImpl ()
#else
new ST LoggerImpl ()
#endif
), host (remote host), port(remote port)

{1}

void SocketLogger::log( string & str )
{

pimpl->socket log( host, port, str);
}

LoggerImpl.h - Peanmzauusa
#include <string>

class LoggerImpl
{
public:
virtual ~LoggerImpl( ) {}
virtual void console log( string & str ) =
0; virtual void file:log(
string & file, string & str )
0; virtual void socket log(
tring & host, int port, string & str ) = 0;

}i

class ST LoggerImpl : public
LoggerImpl {
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public:
void console log( string & str );
void file log ( string & file, string & str );
void socket log (
string & host, int port, string & str );
}i

class MT LoggerImpl : public
LoggerImpl {

public:
void console log( string & str );
void file log ( string & file, string & str );

void socket log (
string & host, int port, string & str );
}i

LoggerImpl.cpp - Peanmszauma
#include <iostream> #include
"LoggerImpl.h"

void ST LoggerImpl::console log( string & str )
{

cout << "Single-threaded console logger" << endl;

}

void ST LoggerImpl::file log( string & file, string & str )
{

cout << "Single-threaded file logger" << endl;
}

void ST LoggerImpl::socket log(
string & host, int port, string & str )
{
cout << "Single-threaded socket logger" << endl;
}i

void MT LoggerImpl::console log( string & str )
{

cout << "Multithreaded console logger" << endl;

}

void MT LoggerImpl::file log( string & file, string & str )
{
cout << "Multithreaded file logger" << endl;

}

void MT LoggerImpl::socket log(
string & host, int port, string & str )
{
cout << "Multithreaded socket logger" << endl;
}

Main.cpp #include
<string> #include
"Logger.h"

int main ()

{
Logger * p = new FilelLogger( string("log.txt"));
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p->log( string("message"));
delete p;
return 0;

OTMETHM HECKOJIBKO BaKHBIX MOMEHTOB HpI/IBe,I[eHHOﬁ pcann3anuu naTrcpHa

Bridge:

[Ipyn monudukanuu peanu3aluy KIMEHTCKUN KOJ MEPEeKOMIHIMPOBATh HE
Hyx)HO. Mcronp30Banue B aOCTpaKIMy yKazaTessl Ha peanu3anuio (mauoma pimpl)
No3BOJISIET 3aMeHUTh B (paitie Logger.h BkmoueHne include "Logger-Impl.h"
Ha omepexaroniee oOBsABICHHE class LoggerImpl. Takoll NMpueM CHHU-MaeT
3aBUCUMOCTh BpeMeHH komnwiinuu ¢aina Loggerh (4, coOTBeTCTBEHHO,
MCIIOJIB3YIOMIMX ero (ainmoB kiaueHTa) oT ¢aitna Loggerlmpl.h.

[Tonp3oBaTens Ki1acca Logger HE BUAUT HUKAKHUX JIETAJIEH €ro peannsa-
UM,

12.2.3 Komnonosuyux (Composite)

KomnonoBmmk (Composite) — 1mabdioH NpoeKTUPOBaHUs, 00bEANHAET 00h-
€KThl B IPEBOBUIHYIO CTPYKTYPY JJIsl MPEJICTABICHUS UEPAPXUU OT YACTHOIO K
renomMy. KoMIoHOBIIIMK MO3BOJIAET KIMEHTAM 00paIiaThCs K OTCIbHBIM 00bEK-
TaM U K TpyIaM 00bEeKTOB OJIMHAKOBO.

Haznauenue:

HE00X0IUMO 00BETUHSATD TPYIIIHI CX0KUX 00BEKTOB U YIIPABIISTH UMHU;

OOBEKTHl MOTYT OBITh KaK MPUMUTUBHBIMU (DJIEMEHTapHBIMU), TaK U CO-
cTaBHbIMU (cHOXHBbIMH). CoCTaBHOM OOBEKT MOXKET BKJIOYaTh B CeOs
KOJUIEKIIMU JIPYTUX OOBEKTOB, 00pa3zys CIIOXKHBIE IPEBOBUAHBIE CTPYKTYPBHI.
[Tpumep: nupek-topust PaitlioBOl CHCTEMBI COCTOUT U3 DJIEMEHTOB, KKl WX
KOTOPBIX TaK)KE€ MOXKET OBITh TUPEKTOPHUEH;

KOJI KJTUEHTA pab0TaeT ¢ MPUMUTHBHBIMU U COCTABHBIMH OOHEKTAMHU €T -
HOOOpa3Ho.

[Lnrocwr:

B CHCTEMY JIETKO JI00aBJISATh HOBBIC MPUMHUTHBHBIC WJIH COCTaBHBIC O0B-
€KThI, TaK Kak marrepH Composite UCTONB3yeT 00 6a30BbIi Kiacc

Component;

KOJ[ KJIMEHTa UMEET MPOCTYIO CTPYKTYPY — IPUMHUTHUBHBIE U COCTaBHBIE
00BEKTHI 00pabaTHIBAIOTCSI OIMHAKOBBIM 00Pa3oM;
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natTepH Composite MO3BOJISET JIETKO 0OONTH BCE Y3JIbl IPEBOBHUIHOM
CTPYKTYPBHI.

Munycor:

Heyno6Ho ocymiecTBUTh 3ampeT Ha J00aBJ€HHE B COCTaBHOM OOBEKT
Composite 00BEKTOB OINpPEEICHHBIX TUIIOB. Tak, HanpuMep, B COCTaB PUMCKOM
apMHH HE MOTYT BXOJUTH OOEBBIE CIIOHBI.

llpumenenue:

VYnpasnenue rpynnamMu 0ObEKTOB MOXET OBITh HEMPOCTOM 3amayeii, oco-
OCHHO, eClTi 3TU 00BEKTHI COIEPKAT COOCTBEHHBIE OOBEKTHI.

JIns BOeHHOM cTpaTernueckor urpsl «llyHudueckue BOMHBDY, OMUCHIBAIOLIET
BOEHHOE MPOTUBOCTOsIHME Mexny Pumom u Kapdarenom, kaxmas 6oeBast enu-
HUla  (BCagHUK, JIyYHUK, TEXOTHHEI]) MMEET CBOIO  COOCTBEHHYIO
pa3pylIaoNIyl0 CUIy. OTU €AUHUIBI MOTYT OOBEIUHSTHCS B TPYIIbI s
oOpazoBaHus 0o0Jiee CIOXKHBIX BOEHHBIX MOJIPa3/ICIICHUI, HAIpUMEP, PUMCKHE
JIETUOHBI, KOTOPBIE, B CBOIO Ouepe/lb, OOBEAUHSSACH, 00Pa3yIOT LEIYI0 apMHUIO.
Kak paccunrtarh 60€BYyI0 MOIIb TAKHX UEPAPXUUYECKUX COCTUHECHUI?

[Tarrepn Composite npennaraer cienyroiiee pemeHue. OH BBOAUT aOCTpaKT-
HBIM 0a30BbBIN KJIACC Component € MOBEAECHUEM, OOIIMM JIJIsl BCEX MPUMUTHUBHBIX

COCTaBHBIX OOBEKTOB. JlJis cily4yasi CTpaTerMuecKod WIpbl — 3TO METOJ]
getStrength () I MOJCYETa paspymiaromer cuibl. [loakmaccel Primitive
U Composite MABIAKOTCA IMPOMU3BOAHBIMU OT KJIacCa Component. CocraBHOU
O0OBEKT Composite XPaHUT KOMIIOHEHTBI-TIOTOMKH aOCTPAKTHOTO THUIA
Component, Kﬂ)K-,Z[I:Iﬁ N3 KOTOPBIX MOXET OBITH TAKXKE Composite.

#include <iostream>
#include <vector>
#include <assert.h>

Component
class Unit
{
public:
virtual int getStrength() = 0;
virtual void addUnit (Unit* p) {
assert ( false);
}
virtual ~Unit () {}
}i

Primitives
class Archer: public Unit
{
public:
virtual int getStrength() {
return 1;

}
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}s

class Infantryman: public Unit
{
public:
virtual int getStrength() {
return 2;
}
}i

class Horseman: public Unit
{
public:
virtual int getStrength() {
return 3;
}
}i

// Composite
class CompositeUnit: public Unit
{
public:
int getStrength() {
int total = 0;
for (int 1=0; i<c.size(); ++1)
total += c[i]->getStrength();
return total;
}
void addUnit (Unit* p) {
c.push back( p);
}
~CompositeUnit () {
for (int i=0; i<c.size(); ++1i)
delete c[i];
}
private:
std::vector<Unit*> c;

}i

BcrnnomorarTesibHasa @)yHKLU/IF[ OJId CO3IOaHMm4a JIeT'VMOHa
CompositeUnit* createlLegion ()
{
PUMCKUM JIETMOH COIEPXUT :
CompositeUnit* legion = new CompositeUnit;
3000 Taxeswlx HexOTMHLIEB for
(int i=0; 1i<3000; ++1)
legion->addUnit (new Infantryman) ;
1200 Jserkmx IMNexXOTUHIIEB
for (int i=0; 1<1200; ++1i)
legion->addUnit (new Archer);
300 BCaAZHUKOB
for (int i=0; 1<300; ++1i)
legion->addUnit (new Horseman) ;

return legion;

int main ()

128



PyMCKas apMms COCTOMT M3 4-X JIETMOHOB

CompositeUnit* army = new

CompositeUnit; for (int i=0; i<4; ++i)
army->addUnit ( createlegion());

cout << "Roman army damaging strength is "
<< army->getStrength() << endl;

/]

delete army;

return 0;

Cnenyer oOpaTuTh BHMMaHWE Ha OJIMH BaXXHBIM MOMEHT. AOCTpaKTHBIN
0a30-BbIil KJacCc Unit OOBsABIsET uHTepderc nns n1o0aBIeHUsT HOBBIX OOEBBIX
eIUHUIl addUnit (), HECMOTPS Ha TO, YTO OOBEKTaM INMPHUMHUTHBHBIX THIIOB
(Archer, Infantryman, Horseman) HO,I[O6Ha51 orepanms HC HY>KHaA. CIIGJIaHO
ATO B YrojJy MPO3PAavyHOCTH CUCTEMHBI B yiep0O ee O0e3omacHocTy. KiueHT 3Haer,
4TO0 OOBEKT THIA Unit Bcerga OyaeT UMeTh MEeToa addUnit (). OaHaKO ero
BBI3OB JIJI PU-MUTHUBHBIX OOBEKTOB CUMTACTCS OITMOOYHBIM U HeOE30MacHbIM.

12.2.4 /lexopamop (Decorator)

Hexoparop (Decorator) — cTpyKTypHBIN 11a0JIOH MPOEKTUPOBAHUS, TIPEIHA-
3HAYEHHBIN NIl JUHAMHYECKOIO MOAKIIOUYEHUS JTONOJHUTEIBHOTO MOBEACHUS K
oObekry. 11labion JlekopaTop mpenocTaBisieT ruOKy0 aJbTEPHATHBY MPAKTHUKE
CO3/IaHUIO MOJIKJIACCOB C LIEJBI0 PACIIUPEHUS (QYHKIIMOHATIBEHOCTH.

Hasnauenue:

[Tarrepn Decorator nuHamudecku A00aBlISIET HOBbIE O0S3aHHOCTH O0b-
exTy. JlekopaTopsl SBISIOTCS THOKOW aTbTEPHATHBOM MOPOXKICHUIO TIOJIKIIACCOB
JUTs paciiuperus: GQyHKIIMOHATBHOCTH.

PexypcuBHO AeKOpUPYET OCHOBHOM OOBEKT.

[TaTTepn Decorator rcnonb3yer cxeMy «00epThiBaeM MOJapOK, KIaeM ero

KOpOOKY, 00€pThIBaEM KOPOOKY».

Ilnrocor

HET HEOOXOIMMOCTH CO3/aBaTh IMOJIKIIACCHI JIJIs pacIIupeHus: (PyHKIIHO-
HAJILHOCTH OOBEKTA;

BO3MOKHOCTh JIJMHAMHYECKH TOJIKJIF0YaTh HOBYIO (DYHKIIMOHATLHOCTH J10
WJIU TIOCJIE OCHOBHOM (PYHKIIMOHAJIBHOCTH 00BEKTa ConcreteComponent.

Ilpumenenue:

KnueHnt Bceraa 3auHTepecoBaH B (PyHKIIMOHAIBHOCTH
CoreFunctionality.doThis (). KiueHT MOXeT Ui HE MOXET ObITh 3aUHTEpE-

COBaH B METOJax OptionalOne.doThis () M OptionalTwo.doThis (). Kaxabii
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U3 3TUX KJIACCOB IepeapecyeT 3ampoc 0a30BOMYy Kilaccy Decorator, a TOT
HAIPABIISET €r0 B IEKOPUPYEMBIN OOBEKT.

[TaTTepn Decorator quHaMuyecku 100aBiIseT HOBbIE O0S3aHHOCTH OOBEKTY.
VYkpameHnust 1Ji1 HOBOIOJHEN €JIKHU SIBIISIOTCS MpUMepaMu JAeKopatopoB. OrHw,
TUPJISH/BI, UTPYIIKU U T.J. BEIIAIOT Ha €JKY JJIA NPUJAHUSA €l MPa3IHUYHOTO
BHJIa. YKpaUIEHUs! HE MEHSIOT CaMy €JIKY, a TOJIbKO JI€Jal0T €€ HOBOTOJHEM.

XOTs KapTUHBI MOKHO TTOBECUTh Ha CTEHY U 0€3 paMOK, paMKH 4acTo J00aB-
JSFOTCS 111 IPUIaHUS HOBOTO CTHJIS.

class I {

public:
virtual ~I()({}
virtual void do it () = 0;

bi

class A: public I {
public:
~A() |
cout << "A dtor" << '\n';
}
/*virtual*/
void do_it () |
cout << 'A';
}
}i

class D: public I {
public:
D(I *inner) {
m _wrappee = inner;

~D() {
delete m wrappee;
}
/*virtual*/
void do_it () |
m wrappee->do it ();
}
private:
I *m wrappee;

b

class X: public D {
public:
X (I *core): D(core) {}
~X() |
cout << "X dtor" << " ";
}
/*virtual*/
void do_it () {
D::do_1it();
cout << 'X';

}i

class Y: public D {
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public:
Y(I *core): D(core) {}
~Y () {
cout <<"Y dtor" << " ",
}
/*virtual*/
void do_it () {
D::do_1it();
cout <<'y';

}s

class Z: public D {
public:
Z (I *core): D(core) {}
~Z2() |
cout <<"7Z dtor" << " ",
}
/*virtual*/
void do_it () {
D::do_it();
cout <<'7Z"';

bi

int main () {
I *anX = new X (new A);
I *anXY = new Y (new X (new A));
I *anXYZ = new Z(new Y (new X (new A)));

anX->do_1it();
cout << '\n';
anXy->do it();
cout << '\n';
anXYzZ->do 1it();
cout << '\n';
delete anX;
delete anXY;
delete anXYZ;

BriBOI mporpamMmei:

AX

AXY

AXY7Z

X dtor A dtor

Y dtor X dtor A dtor

Z dtor Y dtor X dtor A dtor

12.2.5 Ilpokcu (Proxy)

[Tpokcu (Proxy) — CTpyKTYypHBIN 1A0JIOH MPOESKTUPOBAHUS, MPETHAZHAUCH-
HBIM JI7151 3aMEeILeHUs IPYroro o0beKTa JUisl KOHTPOJISI IOCTYTA K HEMY.

Hasznauenue:

[TatTepn Proxy siBisieTcs CypporatoM WM 3aMECTUTENEM JPYroro 00beKTa
KOHTPOJIUPYET AOCTYII K HEMY.
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HpC,Z[OCTaBJIH}I ,Z[OHOJIHI/ITCHBHBIﬁ YPOBCHL KOCBCHHOCTH IIPpHU OOCTYIIC K
O6’bCKTy, MOJKCT IMPUMCHATHCA I MOAACPKKH PACIIPCACIICHHOI'O, YIIPABJIAC-
MOI'0O WJIM UHTCIUICKTYAJIbHOI'O HOCTYIIA.

SBnssiCh «00EPTKOI» PeaTbHOrO0 KOMIOHEHTA, 3aIUIIAET €r0 OT U3JIUII-
HEU CJIOKHOCTH.

Ilpumenenue:

CypporaT uiu 3aMeCTHTENb 3TO O00BEKT, HHTEp(Pec KOTOPOro MACHTUYEH
UH-TepPeicy peanbHOro oobekTa. IIpu nepBoM 3ampoce KIMEHTa 3aMECTUTENh
CO-3/1a€T peajbHbIil OOBEKT, COXPAHSIET €ro agpec M 3aTeM OTIPABISAET 3aIpPOC
3TOMY peanbHOMy o0OBeKTy. Bce mocnenyromue 3ampocsl  MPOCTO
nepeajpecyoTcsa HH-KACyJIUPOBAHHOMY PEAIbHOMY OOBEKTY.

CyuiecTByeT 4eThIpe CUTyaluu, KOTrJa MOKHO UCII0JIb30BaTh NaTTepH Proxy:

BupTtyanpHbiil proxy sBIsIETCSI 3aMECTUTEIEM OOBEKTOB, CO3aHUE KOTO-
pBIX 00XoauTCs 10poro. PeanbHblil 00BEKT CO37aeTCs TONBKO MPU MEPBOM 3a-
MPOCE/IOCTYTIE KIMEHTA K OOBEKTY.

VY naneHHbli proxy npeaocTaBisieT JIOKAJIbHOIO MPEACTaBUTENS Uid 00b-
€KTa, KOTOPbIII HAXOAMUTCS B IPYTrOM aJIpPECHOM MPOCTPAHCTBE («3ariyIUIKW» B
RPC u CORBA).

3alUTHBINA Proxy KOHTPOJUPYET AOCTYH K OCHOBHOMY 00BeKTy. «Cyppo-
raTHbI» OOBEKT MPENOCTaBIsET AOCTYH K pPEATbHOMY OOBEKTY, TOJBKO
BBI3bIBA-IOIIMI OOBEKT UMEET COOTBETCTBYIOLIUE MIPABa.

WHTenneKTyalbHbIi proxy BbIIOJHAET JOMOJHUTENbHbIE JEHCTBUS IPU
JIOCTYTIC K OOBEKTY.

Bot TunuyHbie 00J1aCTH TPUMEHEHUSI UHTEIUIEKTYaJIbHBIX ProXy:

[Topcuer yncna cChUIOK Ha peasibHbId 00bEKT. [Ipu OTCYTCTBUM CCBHUIOK
na-MATh MOJ OOBEKT aBTOMATHYECKHM OCBOOOKIAETCs (M3BECTEH TaKke Kak
MHTEN-JIEKTYaJbHbIN yKa3aTeab Wi smart pointer).

3arpy3ka 00beKTa B IaMATh IIPU TIEPBOM OOpAIlIEHUU K HEMY.

VYcraHoBKa 3ampeTa Ha U3MEHEHUE PealibHOro 00beKTa Npy 00palieHuu K
HEMY JPYTUX OOBEKTOB.

[Tarrepn Proxy ans pocTyma K pealbHOMY OOBEKTY HCIOJIB3YET €ro
cypporar WM 3aMeCTUTENb. bDaHKOBCKHMH 4Ye€K SABISIETCS 3aMECTUTEIIEM
JICHEe)KHBIX CpPe/ICTB Ha cueTe. Yek MOXKET ObITh MCIIOIb30BaH BMECTO HAJIMYHBIX
JEHET JUIsl COBEpLIE-HUS MOKYIIOK U, B KOHEYHOM CYETE, KOHTPOJUPYET AOCTYIl
K HAIMYHBIM JIEHbraM Ha CYETE YEKOJATEs.

Ocob6ennoctu narrepHa Proxy:
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Adapter npenoctaBisieT cBoeMy OOBEKTY Apyroil murepdeiic. Proxy
IpEeIOCTaBIsIeT TOT ke HHTepdeiic. Decorator mpenocrapisieT paclIipeHHbIN
uHTepdeiic.

Decorator u Proxy uMerot pa3Hsie LeIH, HO CX0XKHue CTPyKTyphl. O6a BBO-
IST JOMOJHUTEIbHBIA YPOBEHb KOCBEHHOCTH: HUX pEalM3allMd XPaHAT CCBUIKY
Ha 00BEKT, Ha KOTOPBIH OHU OTIPABJISIOT 3aIIPOCHI.

class Reallmage
{
int m_id;
public:
RealImage (int i)
{

m id = i;

cout << " $$ ctor: " << m_id << '"\n';
}
~RealImage ()
{

cout << " dtor: " << m id << '\n';

}

void draw ()
{
cout << " drawing image " << m_id << '\n';
}
}i

1. Knacc-obBbepTka C "IOONOJHUTEJILHEIM YyPOBHEM KOCBEHHOCTHU"
class Image
{
2. Knacc-oBepTka COHOEpPXMUT yKaszaTeJlb Ha PeaJibHEM KJacc
RealImage *m_the real thing;
int m id;
static int s next;
public:
Image ()
{
m id = s next++;
3. VHMLUMAIM3MPYEeTCSa HYJIEBBEM
3HadyeHmeMm m_the real thing = 0;
}
~Image ()
{
delete m_the real thing;
}
void draw ()
{
4. PeaJsibHBIM OOBEKT CO3OaeTCsa NPU NOCTYNJEHUM
3anpoca "Ha NepBOM MCIOJNb30BaHUM"
if (!m the real thing)
m_the real thing = new Reallmage (m_id);
5. Banpoc Bcergma IOeJIeTMPYETCs pPeaJibHOMY
obeexkTy m_ the real thing->draw();
}
}i

int Image::s next = 1;

int main ()
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{

Image images[5];
for (int i; true;)

{
cout << "Exit[0], Image[l1l-5]: ";
cin >> 1i;
if (1 == 0)
break;
images[i - 1].draw();

12.3 IloBegeHYeCKHE NATTEPHBI POEKTHPOBAHMS

[TaTTepHbI MOBEEHUST PACCMATPUBAIOT BOIIPOCHI O CBA3AX MEXAY 00bEKTaMu
pacnpeneneHueM 00s13aHHOCTEH MEX Ty HUMH. J[J1s1 3TOTO MOTYT HCITOIB30-
BaThCSI MEXaHU3MbI, OCHOBAaHHBIC KaK Ha HACJICIOBAHUH, TaK U Ha KOMIIO3HUITHH.
MOBEJACHUYECKUM MATTEPHAM MPOEKTUPOBAHUS OTHOCATCS CIICTYIOIIHE:
komaHjia (command);
uteparop (iterator);
HaOmronarens (observer);
cTpaterus (strategy);
maboHHbId MeTo T (template method);
MOCETHUTEID (Visitor).

12.3.1 Komanoa (Command)

Komanaa (Command) — ma6i0H IpoeKTHPOBAHKS, NCIIOJIb3YEMbIi MPH 00b-

€KTHO-OPUEHTHUPOBAHHOM MPOTPaMMHPOBAHUHU, PEOOPA3YIONINIA 3aITPOC HA BbI-
MOJIHEHUE JECUCTBUS B OTACIBHBIN OOBEKT-KOMaHTY.

Hasnauenue:

Cucrema ymnpasisiercs coObiTusiMu. [Ipu mosiBieHH# Takoro coobIThs (3a-
poca) HEOOXOAUMO BBINOJHUTH OINPEACIICHHYI0 MOCIEA0BATENbHOCTD JIEH-
CTBUH.

Heobxoaumo mapameTpu3upoBaTh OOBEKTHI BBHITIOJHSIEMBIM JICHCTBUEM,
CTaBUTH 3aMpPOChl B OYEpedb WM MOMAJEPKHUBATH onepanuu oTMeHbl (undo) u
no-Btopa (redo) neicTBU.

HyeH 00beKTHO-OpHUEHTHUPOBAHHBIN aHAJIOT (PYHKIIMM OOpAaTHOTO BbI30Ba

MPOLETYPHOM NMPOrpaMMHUPOBAHUH.

Ilnrocor:
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[Ipumaer cucreme THOKOCTh, OTAEISAS MHHUIIMATOPA 3ampoca OT €ro Mmojyda-
TeJIsA, TTO3BOJISIET OCYIIECTBIATh TUHAMUYECKYIO 3aMEHY KOMaHJ, UCMOJIb30BaTh
CJIOKHBIE COCTaBHBIE KOMaH/bl, OCYLIECTBIISATH OTMEHY ONEparlHii.

Ilpumenenue:

[Tatrepn Command mpeoOpa30BBIBAaET 3aMpoc Ha BHINOJHEHHE ACHCTBUS B
OTZIETBHBIN 00BEKT-KOMaHy. Takas MHKAICYJALMs MO3BOJIAET NepeaaBaTh 3TH
NEUCTBUA IPYyrUM (PYHKUIUSM M OOBEKTaM B KauyeCTBE MapameTpa, MPUKA3bIBas
YM BBIIIOJIHUTB 3aIIPOILIEHHY0 ornepanuto. Komanaa — 3170 00beKT, MO3TOMY HaJ
HEW JOIyCTUMBI JIFOObIE ONEepalliu, YTO U HaJl 0OBEKTOM.

Hutepdeiic komanaHoro oObeKTa ompeaensercss abCTpakTHBIM 0a30BBIM
KJIACCOM Command M B CaMOM IIPOCTOM CIIy4ae UMEET E€IUHCTBEHHBIH METOJ
execute (). IIpon3BomHBIE KJIaCCHl ONPENEIAIOT IOJy4aTeNsl —3arpoca
(ykazaTenp Ha OOBEKT-NIOJIy4aTedb) W HEOOXOAUMYIO [UIsl BBIIOJHEHUS
omepaluio (MeToa 3Toro odbekTa). Mero execute () MOAKIACCOB Command
IIPOCTO BBI3bIBAET HYKHYIO ONEPALIMIO TOJTydaTes.

natrepHe Command MOKeT OBITh 10 TPEX YYaCTHHUKOB: —

KJIMEHT, CO3/AIOIIMN 3K3EeMIULSIp KOMaHJIHOTO OOBEKTa;

MHUIMATOP 3aIlpoca, UCIOJIb3YIOIUN KOMaHAHbIA O0BEKT; —

NOJIy4aTellb 3anpoca.

CHauana KJIMEHT CO371aeT O0BEKT ConcreteCommand, KOH(PUTYpUPYS €TO MO-
JdydaresieM 3arpoca. ITOT 0OBEKT TakXKe JOCTyNeH WHuiuaropy. MuHunmarop uc-
MOJIB3YET €TO MPH OTIPABKE 3aIPOCa, BBI3BIBAS METOJT execute (). DTOT alTO-PUTM
HallOMUHAeT paboTy (QYHKIMU OOpaTHOTO BBHI30BA B MPOIEAYPHOM IIPO-
rpaMMHMPOBAHUY — GYHKLUS PErHCTPUpPYETCs, YTOOBI OBbITh BHI3BAHHON TMO3THEE.

[Tarrepp Command oTaensieT 00beKT, HHUIMUPYIOIIUNA Oorneparuio, OT 00b-
€KTa, KOTOPbIM 3HAET, KaK €€ BBINOJHUTh. ENMHCTBEHHOE, YTO TOJKEH 3HATh
MHU-IIMATOP, 3TO KaK OTIPABUTh KOMAHIy. DTO MPUIAET CUCTEME TMOKOCTb:
MO3BO-JISIET OCYIUECTBIATh JMHAMHYECKYIO 3aMEHY KOMaHJ, HCIO0JIb30BaTh
CJIOXHBIE CO-CTaBHBIE KOMaHbI, OCYLIECTBISATH OTMEHY ONEPALIMA.

#include<iostream>
#include<vector>
#include<string>

class Game {
public:
void create( ) {
cout << "Create game " << endl;
}
void open( string file ) {
cout << "Open game from " << file << endl;
}

void save( string file ) {
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cout << "Save game in " << file << endl;

}

void make move( string move ) {

cout << "Make move " << move << endl;
}
}s

string getPlayerInput( string prompt )
{ string input;

cout << prompt;

cin >> input;

return input;

BaszsoBEM KJIacc
class Command {

public:

virtual ~Command() {}

virtual void execute() = 0;
protected:

Command ( Game* p ): pgame( p)

{} Game * pgame;
}i

class CreateGameCommand: public Command

{ public:
CreateGameCommand ( Game * p ) : Command( p)
{} void execute() {

pgame->create( );

}
bi

class OpenGameCommand: public Command

{ public:
OpenGameCommand ( Game * p ) Command ( p)
{} void execute() {

string file name;
file name = getPlayerInput( "Enter file
name:"); pgame->open( file name);
}
bi

class SaveGameCommand: public Command

{ public:
SaveGameCommand ( Game * p ) Command ( p)
{} void execute( ) {

string file name;
file name = getPlayerInput (
name:"); pgame->save( file name);

"Enter file

}
}i

class MakeMoveCommand: public Command
{ public:
MakeMoveCommand (
{} void execute() {
CoXpaHyM UTPY IJIS BO3BMOXHOI'O [OCJIeInylleIO
oTrkara pgame->save ("TEMP FILE");
string move;
move = getPlayerInput( "Enter your
move:"); pgame->make move (move) ;

Game * p) : Command( p)
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i

class UndoCommand: public Command ({

public:
UndoCommand ( Game * p ) : Command( p)
{} void execute() {

BOCCTaHOBUM UIPY M3 BPEMEHHOI'O
banna pgame->open ( "TEMP FILE");
}
}i

int main ()

{
Game game;
MUTauMsa OEMCTBUM UIPOKa
vector<Command*> v;
CozmaeM HOBYKO UIPY
v.push back( new CreateGameCommand( &game)) ;
IejlaeM HECKOJIBKO XOHOOB
v.push back( new MakeMoveCommand( &game));
v.push:back( new MakeMoveCommand( &game)) ;
[locaenHUM XOIO OTMEeHSIeM
v.push back( new UndoCommand( &game)) ;
CoxpaHsaeM UIpy
v.push back( new SaveGameCommand ( &game)) ;

for (size t 1=0; i<v.size(); ++1i)
v[i]->execute();

for (size t i=0; i<v.size(); ++1i)
delete vI[i];

’

return 0;

12.3.2 Hmepamop (Iterator)

Urepatop (Iterator) — 11aG10H MPOEKTUPOBAHMS, MPEJOCTABISIIONINI MeXa-
HU3M 00X0/1a 3JIEMEHTOB COCTaBHBIX OOBEKTOB (KOJUJIEKLMI) HE pacKpbIBas UX
BHYTPEHHETO NIPEICTABIICHHUSI.

Hasznauenue:

HpeIIOCTaBJ'IHeT CIIoco0 MMOCJICA0OBATCIBHOTO JOCTYIIA KO BCEM 3JICMCHTAM
COCTaBHOI'O O6’I)€I(Ta, HC paCKpbIBasd €10 BHYTPCHHCTO NPCACTABJICHH .

AOcTpakius B cTaHAapTHBIX OmOnmmorekax C++ u Java, mo3Bossttomas
pa3-IenuTh KJIacChl KOJUICKITUN U aJlTOPUTMOB.

[Tpunaet 00Xx0oay KOJUIEKIIMU «OOBEKTHO-OPUEHTUPOBAHHBIN CTATYC».
[TonmumopdHsIil 00x0/.

Ilpumenenue:
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CocraBHOW 0OOBEKT, TaKOW KaK CHHCOK, JOJDKEH HPEAOCTaBISATH CHOCOO J0-
CTylla K ero 3jeMeHTaM 0Oe3 pacKpbITHs CBOEH BHYTpeHHeW CTpyKTyphl. bonee
TOTO, MHOTJA HY>KHO NepeOHpaTh IEMEHTHl CIHCKA PAa3IUYHBIMU CIOCO0aMH, B
3aBHCUMOCTH OT KOHKpPETHOH 3amaun. Ho BbI, BEpOSTHO, HE XOTHTE pa3ayBaTh
uHTep(eic crucka onepanusMu Ui pa3IUYHbIX 00XO0/I0B, Ja)K€ €CJIM OHU HeoO-
xoauMbl. Kpome Toro, nHOTAa HY)XKHO MMETh HECKOJBKO aKTUBHBIX 00XOIOB OJI-
HOT'O CIIMCKa OJHOBPEMEHHO. Bbiio ObI XOpOILIO MMETh €AMHBIM MHTepdeic s
00x0/1a pa3HbIX TUIIOB COCTABHBIX OOBEKTOB (T.€. MOJIUMOP(HAS UTEPALIHS).

[Tarrepn Iterator mo3BosseT Bce 3TO Aenarh. KimodyeBas uaesi COCTOUT B TOM,
YTOOBI OTBETCTBEHHOCTH 32 IOCTYH U 00XOJ MEPEMECTUTh U3 COCTABHOTO 0OBEKTa
Ha 00beKT Iterator, KOTOpHI OyaeT OnpeaeNsITh CTaHAAPTHBIN MPOTOKOJI 00X0/1a.

AbcTpakuus Iterator uMeeT OCHOBOIOJIAraloIIee 3HAUEHHUE JIJIs1 TEXHOJIOTUH,
Ha3bIBaeMOW «O0OOOIIEHHOE NPOrpaMMHUpPOBaHUE». IJTa TEXHOJOTUS YETKO
pazzie-JsieT Takue IMOHATUS KaK «aJIrOpUTM» M «CTPYKTypa JIaHHBIX).
MortuBupytomue QaxTopbl: CrnocoOCTBOBaHHME KOMIIOHEHTHOM pa3paboTke,
NOBBIIIEHNE ITPOU3BO-IUTEIBHOCTH U CHHKEHHE PACXOJ0B Ha YIIPaBIICHUE.

PaccmoTpum npumep. Ecii BBl XOTUTE OJHOBPEMEHHO NOJAEPKUBATh 4e-
ThIpE BUJA CTPYKTYp AaHHBIX (MacCHUB, OMHAPHOE JIEPEBO, CBSI3aHHBII CIIUCOK U
X3II-Ta0JIMLA) W TPU aIroputMa (COPTUPOBKA, MOUCK U CIUSHUE), TO
TPaJULMOH-HBIN oaXx0a noTpedyer 12 BapuaHTOB KOHGUTYypaluii (4eThIpe pa3a
0 TpH), B TO BpeMs Kak 000OIIEHHOE NMpOorpaMMHUpOBaHUE TpeOyeT Jullb 7
("4eTwIpe TII0C TPH).

#include <iostream>
using namespace std;

class Stack {
int items[10];

int sp;
public:
friend class StackIter;
Stack ()
{
sp = -1;

}
void push (int in)
{
items [++sp] = in;
}
int pop()
{
return items|[sp--1;
}
bool isEmpty ()
{
return (sp == -1);
}
}s
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class StackIter {
const Stack &stk;
int index;
public:
StackIter (const Stack &s): stk(s)
{
index = 0;
}
void operator++ ()
{
index++;
}
bool operator () ()
{
return index != stk.sp + 1;
}
int operator *()
{
return stk.items[index];
}
}i

bool operator == (const Stack &1, const Stack &r)
{

StackIter itl(l), itr(r);

for (; itl(); ++itl, ++itr)

if (*itl !'= *itr)
break;

return !itl () && !itr();

}

int main ()

{
Stack s1;
int 1i;
for (1 = 1; 1 < 5; 1i++)

sl.push (i),

Stack s2(sl),
s3.pop ()i
s5.pop ()
sd4.push(2);
s5.push (9);

s3(sl), s4(sl), s5(sl);

cout << "1 == 2 is " << (sl == s2) << endl;
cout << "1 == 3 is " << (sl == s3) << endl;
cout << "1 == 4 is " << (sl == s4) << endl;
cout << "1 == 5 is " << (sl == sb5) << endl;

12.3.3 Habarwoamenw (Observer)

HaGmronarens (Observer) — mnoBeAeHYECKHM MIA0JIOH MPOSKTUPOBAHMUS.

Taxxke m3BecTeH Kak «mnomunHEHHBIE» (Dependents), «u3maTenb-TIOAMUCUUK
(Publisher-Subscriber).

Hasznauenue:
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Omnpenenser 3aBUCUMOCTh THIA «OAUH KO MHOTUM» MEXAY OObEeKTaMu
Ta-KUM O00pa3oM, 4YTO MPU HU3MEHEHHH COCTOSHUSI OJHOTO OOBEeKTa BCe
3aBUCSIIUE OT HETO OMOBEMIAIOTCSA 00 3TOM COOBITHH.

Wukarcynupyer riaBHbIA (HE3aBUCHMBIN ) KOMIIOHEHT B aOCTPaKIUIO
Subject 1 u3MeHsieMble (3aBUCHMBbIE) KOMIIOHEHTHI B nepapxuto Observer.

Omnpenensier yactk View B Monein Model-View-Controller (MVC).

Ilpumenenue:

Nmeercs cucrtema, cocrosiasi W3 MHOXECTBA B3aMMOJICUCTBYIOIIUX
kimaccoB. [Ipu »TOM B3amMoOAEHUCTBYIOIME OOBEKTHI JOKHBI HAXOAUTHCS B
COTJIaCOBAH-HBIX COCTOSHUSAX. BBl XOoTHTEe u30€XKaTh MOHOJIUTHOCTH TaKOH
CUCTEMBI, cJIeaB KIACChl c1a00 CBSI3aHHBIMU (MJIM MTOBTOPHO MCIOJIb3YEMbIMU).

[Ipn peanuzanuu 1abioHa «HAOTIOAATENbY» OOBIYHO HCIOJIB3YIOTCS
CJIETyIO-11I1€ KJIacChl:

Observable — untepdetic, onpeaensronmii METOABI IS T00aBICHUS, yaa-
JICHUS U OTIOBEIIIEHUS HaOI0JaTemnei.

Observer — uarepdeiic, ¢ MOMOIIBIO KOTOPOTO HAOIFO1aeMBbIl OOBEKT
OIO-BelaeT HaOIroaTeen.

ConcreteObservable — koHKpeTHBII K1acc, KOTOPBIN peanu3yeT nHTepeiic
Observable.

ConcreteObserver — KOHKpeTHBII Ki1acc, KOTOPBIA peatn3yeT HHTepdeiic
Observer.

[[TaGnoH «HAOMIOAATENBY) MPUMEHSIETCS B TEX CIydasx, KOTia cucteMa ooa-
JaeT CIeyIONIMMH CBONCTBAMHU:

CYIIECTBYET, KAK MUHUMYM, OJIUH 0OBEKT, PACChUIAIONINNA COOOIICHUS;
UMEEeTCs He MEHEee OJIHOTO TMOJTydaTesisi COOOIEHUH, TPUUEM UX KOJIHYe-
CTBO M COCTaB MOT'YT U3MEHSATHLCS BO BpeMsl paOOThI PUITIOKCHHUSI.

JlaHHBIN 11a0JI0H YacTO MPUMEHSIOT B CUTYAIUsX, B KOTOPBIX OTIPABUTENS
COOOIIICHHUI HE UHTEPECYET, UTO JCNAIOT C MPEJOCTABICHHON UM UH(pOpMaIIUei
MOJTyYaTeIH.

class Observer
{
public:
virtual void update (int value) = 0;

}i

class Subject {
int m value;
vector m views;
public:
voild attach (Observer *obs)
{

m views.push back (obs) ;
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}
void set val (int value)
{
m value = value;
notify();
}
void notify ()
{
for (int i = 0; 1 < m views.size(); ++1i)
m views[i]->update (m_value);

}s

class DivObserver: public Observer
{
int m div;
public:
DivObserver (Subject *model, int div)
{
model->attach (this) ;
m div = div;
}
/* virtual */void update (int wv)
{
cout << v << " div " << m div << " is " << v / m div << '\n';
}
}i

class ModObserver: public Observer
{
int m mod;
public:
ModObserver (Subject *model, int mod)
{
model->attach (this);
m mod = mod;
}
/* virtual */void update (int wv)
{
cout << v << " mod " << m mod << " is " << v % m mod << '\n';
}
}i

int main () {
Subject subj;
DivObserver divObsl (&subj, 4);
DivObserver divObs2 (&subj, 3);
ModObserver modObs3 (&subj, 3);
subj.set val(14);

BriBox nmporpammel:

14 div 4 is 3 14 div 3 is 4 14 mod 3 is 2
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12.3.4 Cmpamezus (Strategy)

Crpaterus (Strategy) — nmoBeieHUeCKH 1a0JI0H npoekThupoBanud. [lepeHo-
CUT CEMEMCTBO aJrOPUTMOB B OTHAEIbHYIO HUEPAPXUIO KIACCOB, YTO MO3BOJISET
3a-MEHSTh OJIUH aJTOPUTM JIPYTUM B XO/JI€ BBIIIOJIHEHUS MPOTPAMMBI.

Hasznauenue:

Cy1IecTBYIOT CUCTEMBI, MOBEJECHUE KOTOPBIX MOYKET OMNPEIEISTHCS COTJIacHO
OIHOMY aJITOPUTMY M3 HEKOTOPOTO CEMEUCTBA. Bce anropuTMbl 3TOro cemMencrBa
SBIISIIOTCA POJCTBEHHBIMM: TpPEJHA3HAUEHBI JJI pEeIIeHUs OOIIMX 3a1ad, UMEIOT
OJIMHAKOBBIA UHTEP(ENC A1 UCTIOIb30BAHUS U OTJIMYAIOTCS TOJBKO peann3a-nuen
(noBenenuem). [lonp3o0Baresns, NpeBapUTEIbHO HACTPOUB NPOTrPAMMY Ha HYKHBIN
aJITOpUTM (BbIOpAB CTPATETHUIO), MOIy4aeT oKugaeMblil pe3ynbraT. Kak npumep, —
NPUJIOKEHUE, MpeJHa3HAaYeHHOe JUIsl KoMIpeccuu (ailjioB MCHONB3yeT OAWH U3
JOCTYIHBIX aITOPUTMOB: Zip, arj WIIH rar.

OOBEKTHO-OPUEHTUPOBAHHBIN HU3aliH TAKOW MPOrpaMMbl MOXKET OBITh I0-
CTPOE€H Ha HJIe€ HCINOJIb30BaHUA mnoauMopduszMa. B pesynbrare mnomyyaem
HaOOp POJICTBEHHBIX KJIaccoB ¢ oOOUMM HHTEeppEeiicoM U pPa3NUYHBIMU
pearn3alusaMU alIrOpUTMOB.

IIpencraBiieHHOMY ITOAXO0Y CBOMCTBEHHBI CIEAYIOIINE HEAOCTATKH:

Peanusanus anroputma ’KECTKO MPUBA3aHA K €ro MOJKIACCY, YTO 3aTpyA-
HSET NOAJEPIKKY U PACIIMPEHUE TAKON CUCTEMBI.

Cucrema, IOCTpOEHHAasi HA OCHOBE HACIIEAOBAaHUS, SIBJISIETCS CTATUYHOM.
3aMEHUTh OAVH aJTOPUTM Ha JIPYyroi B XOJ€ BBIIOJIHEHUS POTPAMMBI YK€ He-
BO3MOXHO.

[Ipumenenue narrepHa Strategy Mo3BOJISIET YCTPAHUTh YKa3aHHBIE HEJO-
CTaTKH.

IIpumenenue:

[TatTrepn Strategy mepeHOCHUT B OTAEIBHYIO HEPAPXHIO KJIACCOB BCE JIETaJH,
CBS3aHHBIC C peaju3alMeldl anropuTMoB. s ciyuas mporpamMmbl cxkaTus (aitioB
aOCTpaKTHBIM 0a30BbIl KJACC Compression 3TOM HepapXuM OOBSABISET UHTEP-
(etic, o0l 1715 BCEX aITOPUTMOB U UCIIOJIb3YEMBbIN KJIACCOM Compressor.
ITonakmaccel ZIP Compression, ARJ Compression U RAR Compression €ro
peAN3yIOT B COOTBETCTBUM C TEM WJIM MHBIM aIITOPpUTMOM. Kiacc Compressor
COJICP)KUT yKazaTellb Ha OOBEKT aOCTPaKTHOTO THUMA Compression U
MpEIHA3HA-YEH JIS TIepeagpecali MOJIb30BaATEIbCKAX 3aIPOCOB KOHKPETHOMY
anroputmy. Jlmd  3aMeHsl  OJHOrO  AIrOpUTMA  JAPYTHUM  JTIOCTATOYHO
MEePEHACTPOUTH ATOT yKa3a-Tellb Ha 00BEKT HYKHOTO THIIA.

|#include <iostream>
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#include <string>

class Compression

{

public:
virtual ~Compression () {}
virtual void compress( const string & file ) = 0;

}s

class ZIP Compression : public
Compressign {
public:
void compress( const string & file )
{ cout << "ZIP compression" << endl;

}s

class ARJ Compression : public
Compressign {
public:
void compress( const string & file )
{ cout << "ARJ compression" << endl;

}i

class RAR Compression : public
Compressign {
public:
void compress( const string & file )
{ cout << "RAR compression" << endl;

bi

class Compressor
{

public:

Compressor ( Compression* comp): p(comp)
{} ~Compressor() { delete p; }
void compress( const string & file )
{ p->compress( file);
}
private:
Compression* p;

}i

int main ()
{
Compressor* p = new Compressor( new ZIP Compression);
p->compress( "file.txt");
delete p;
return 0;

[lnrocor:

Cuctemy npolie noaep>KUBaTh U MOIUDUITUPOBATH, TAK KaK CEMEHCTBO
AJTOPUTMOB MEPEHECEHO B OTAECIBHYIO UEPAPXUIO KIIACCOB.
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[TarrepH Strategy nmpenocTaBisieT BO3MOXHOCTb 3aMEHbI OJJHOTO aJIro-
pUTMa APYTHM B POLECCE BBINOJHEHUS IPOTPAMMBI.

[TarTepH Strategy mo3BOISET CKPBITh JETAIM peajn3aliy aJrOPUTMOB OT
KJIMEHTA.

Munycor:

I[J'ISI HpaBHHBHOﬁ H&CTpOI?IKPI CHCTCMBEI ITOJIB30BATCIIb JOJIDKCH 3HATD 00
OCOOCHHOCTSIX BCEX AJITOPUTMOB.

Hucno KiaccoB B CUCTEME, NMOCTPOCHHOM C NMPUMEHEHUEM IaTTepHa
Strategy, Bo3pacraer.

12.3.5 Hlabnonunstii memoo (Template method)

[IMa6nonnbit Meron (Template Method) — mabnon mnpoexkTUpoBaHus,
OTIpeJIe-JISIONINI OCHOBY QJITOpPUTMa M TMO3BOJISIOMIUNA TOJKIIACCaM W3MEHHTD
HEKOTOPBIE IIaryd TOTO AJITOPUTMAa O€3 N3MEHEHUS €ro 00IIeH CTPYKTYPHI.

Hasnauenue:

HMeroTcst ABa pa3HbIX, HO B TOKE BPEMs OYEHb IOXO0KMX KOMIIOHEHTa. Bbl
XOTUTE BHECTH M3MEHEHHUS B 00a KOMIIOHEHTa, M30exkaB qyOIupoBaHMs KOJa.
ba-30BbIli Kilacc ompenenseT IIard airopurMa C IOMOIIbI0 aOCTPaKTHBIX
olepaluii, a IPOU3BOIHBIE KIACCHI UX PEATU3YIOT.

Ilpumenenue:

[IpoeKTUPOBIIMK KOMIIOHEHTAa pEIIAeT, Kakue IIaru ajJropuTMa SBISIOTCS
HEU3MEHHBIMU (MM CTaHJApPTHBIMHU), a KaKHUe M3MEHSEMbIMH (WJIM HacTpauBae-
MbIMH). AOCTpaKTHBIN 0a30BbIi KJTacc peaan3yeT CTaHAapTHBIE IIard ajJropuTMa

MOKET MPEIOCTABIATh (MJIM HET) peai3alliio 0 YMOTYaHUIO ISl HACTpanuBa-
eMbIX IaroB. M3meHsieMble MIard MOTYT (MJIM JOJKHBI) MPEAOCTaBIATHCS
KJINEH-TOM KOMITOHEHTA B KOHKPETHBIX IPOU3BOIHBIX KJIacCax.

[IpoeKTUpOBIIMK KOMIIOHEHTA ONpeAesisieT HE0OX0AUMbIE IIaru alropuTMa,
IOPSZOK MX BBINOJHEHMs, HO IO3BOJIAET KJIMEHTAM KOMIIOHEHTa pPacCLIUpsTh
WJIM 3aMENaTh HEKOTOPBIE U3 ATUX IIAr0B.

[Tarrepn Template Method mmpoko npumensieTcss B Kapkacax NPHIIOKEHUI
(frameworks). Kaxapiii kapkac peannzyeT HEM3MEHHBbIE YacTH apXUTEKTYphbl B
peIMETHON 00J1aCTH, @ TAKXKeE ONPEAEISET T€ YACTH, KOTOPhIE MOTYT WJIH JIOJIKHBI
HACTpaumBaThCsl KIMEHTOM. TakuMm 00pa3oMm, KapKac MPWIOKEHHS CTaHO-BUTCSA
«UEHTPOM BCEJICHHOW», a HACTPOMKM KIHMEHTa SBISIFOTCS MPOCTO «TpPEeThei
maHeTod oT ConHua». DTy MHBEPTUPOBAHHYIO CTPYKTYPY KOJA JIACKOBO Ha3bl-
BaroT npuHuumnom ['omuByaa — «He 3BoHUTE HaM, MBI caMH BaM ITO3BOHUM.
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[Tarrepn Template Method onpenensieT 0CHOBY anropuTMa M MO3BOJISIET MO~
KJIacCaM M3MEHUTh HEKOTOpPBIE IIard 3TOr0 aIropuTMa 0e3 U3MEHEHUS ero oouei
CTpyKTypbl. CTpOUTENN 3AaHUM HCIHOJIB3YIOT HIAOJOHHBIM METOJ MpPU MPOEKTH-
POBaHUU HOBBIX JOMOB. 3JI€Ch MOTYT HCIIOJIb30BaThCS YK€ CYLIECCTBYIOLIUE TH-
MOBBIE MJIAHBI, B KOTOPBHIX MOAU(PHUIIMPYIOTCS TOJIBKO OTJEIbHBIE YACTH.

#include <iostream>
using namespace std;

class Base
{
void a ()
{
cout << "a ";
}
void c ()
{
cout << "¢ ";
}
void e ()
{
cout << "e ";
}
2. IOng waroB, TpebyoiMx OCODEHHOM peaiusaluy, OINpelesIuTe
"zamemanmye" MeTOIb.

virtual void phl() = 0;
virtual void ph2() = 0;
public:

1. CraHmapTuU3yNTe OCHOBY ajilTOpMTMa B WAaBJIOHHOM MeToIe
0as0oBOTO KJlacca
void execute ()

{

Q

()7
hl();
()
h?2
()

Qo

—

)7

’

® T

}i

class One: public Base
{
3. TlpoM3BOOHBEIE KJIACCH pealms3yiT "s3amemaomye" MeTOHH.
/*virtual*/void phl ()
{
cout << "b ";
}
/*virtual*/void ph2 ()
{
cout << "d ";
}
bi

class Two: public Base

{
/*virtual*/void phl ()
{

cout << "2 ";
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}
/*virtual*/void ph2 ()
{
cout << "4 ";
}
}s

int main ()
{
Base *arrayl[] =
{
&One (), &Two ()
i
for (int i = 0; i < 2; i++)
{
array[i]->execute () ;
cout << '\n';

BBIBOI[ IIporpaMmal:

abcdea2cide

12.3.6 Ilocemumens (Visitor)

[Toceturens (Visitor) — mala0H MPOEKTUPOBAHUS, ONMPEACIISIONINNA Onepa-
IO, BBITIONHSACMYIO Ha KaXKIOM 3JIEMEHTE W3 HEKOTOPOU CTPYKTYpPHI O6€3 n3Me-
HEHHUS KJIACCOB ATUX OOBEKTOB.

Hasznauenue:

SIBnsieTCA KITACCUYECKOW TEXHUKOM Il BOCCTAHOBJICHHUS ITOTEPSIHHOM WH-
dbopmanuu o TUIIE.

[TaTTepH Visitor NO3BOJISIET BHIMOJIHUTE HY>KHBIE IEHCTBUS B
3aBHCHUMOCTH OT THIIOB ABYX OOBEKTOB.
[IpenocraBiger MeXaHU3M ABOWMHOMN TUCIIETYEPU3ALINH.

Ilpumenenue:

PaznuyHbie 1 HECBSI3aHHBIE OMEPAIMU JOJKHBI BBIMOJHATHCS HAJl Y3JIOBBIMU
00BEKTAMH HEKOTOPOM TeTEepOreHHOM COBOKYMHOM CTPYKTYpbl. Bbl xoTHTE
n30e-XKaTh «3arpsA3HEHUs» KIIACCOB ATHX Y3J0B TaKMMH OlepanusiMu (TO €CTh
n30e-KaTh J100aBJIEHUsS] COOTBETCTBYIOIIMX METOJOB B 3THU Kiacchkl). M BBl He
XOTUTE 3alpaliuBaTh THUI KaXJOTO Yy3jJda M OCYIIECTBISATH IPUBEIACHUE
yKazaress K Ipa-BUILHOMY THITY, MPEXK/E YEM BBITIOJIHUTh HYKHYIO OTEepalluIo.

OCHOBHBIM Ha3HAYEHUEM MarTepHa Visitor SBISETCS BBEIACHUE aOCTPAKTHOU
(GYHKIIMOHATBHOCTH JUISI COBOKYITHOM HWEPapXUYECKOW CTPYKTYphl OOBEKTOB
«AIIEMEHT», a UMEHHO, TIATTepH Visitor MO3BOJISET, HE U3MEHSS KIIAcChl Element,
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100aBJIsATh B HUX HOBbIE onepanuu. [[ist 3Toro Bes obpabarsiBaromas GyHKINO-
HaJbHOCTh MEPEHOCHUTCS U3 CaMUX KJIACCOB Element (3TH KJIACChl CTAHOBSTCS
«JIETKOBECHBIMUY ) B HEPAPXUIO HACJIEIOBAHUA Visitor.

[Tpu »>TOoM marrepH Visitor HCMONB3yeT TEXHUKY «IBOWHOM IUcHeTYepu3a-
muu». OOBIMHO TIpU  Mepejadye  3alpocoB  HCMOJIB3YETCS  «OJWHApHAas
JTUCIIETYepU-3allish» — TO, Kakas omnepanus OyJeT BBINOJIHEHA i1 00paboTKU
3ampoca, 3aBU-CUT OT MMEHM 3ampoca W Thma noiiyyarens. B «aBonHON
JIUCIIETYEpU3allMN» BbI-3bIBa€Mas ONepalns 3aBUCUT OT UMEHH 3aIipoca U TUIIOB
JBYX TOJTydaTelieH (TUMa Visitor M THIA MOCEIIAEMOT0 JIeMEHTa Element).

Peanusyiite marrepr Visitor ciemyromuMm obpazom. Co3paiite mepapXxuro
KJIACCOB Visitor, B aOCTpaKTHOM 0a30BOM Kjlacce KOTOPOW IS KaKJIOTO MO/I-
KJIacca Element COBOKYIHOW CTPYKTYPBI ONPEAEISIETCS YUCTO BUPTYaJbHBIN
Me-To visit (). Kaxapli MeTon visit () NPUHUMAET OOWH apryMEHT —
yKa3arTellb WM CChUIKY Ha ITOAKJIACC Element.

Kaxnas HoBas pgoOaBnsieMas omnepanus MOACIHUPYETCS MPU  HOMOLIA
KOHKPET-HOTO Mojakiacca Visitor. [logkimacesl Visitor peanm3yroT visit ()
METO/1bl, O0BSIBIIEHHBIE B 0a30BOM KJlacce Visitor.

Jlob6aBbTEe OJMH YKUCTO BUPTYaJbHBIA METOJl accept () B 0a30BBIM Kjacc
yuepapxuu Element. B KauecTBe mapamMerpa accept () IPUHUMAET €AUHCTBEH-
HBIIl apryMEHT — yKa3aTellb WM CChUIKY Ha aOCTpaKTHBINA 0a30BbIil Kilacc uepap-
XUH Visitor.

Kaxxplii KOHKpETHBIN MOJKJIACC Element PEAIM3YET METOJ accept () Cle-
YoM 00pa3oM: HCIOJB3YysS TOJYYECHHBIH B KauyecTBE MapaMmeTpa aJipec
JK3eM-IUIsIpa NOJAKIIacca Visitor, MPOCTO BBI3BIBAET €r0 METOA visit (),
nepeaaBasi B KaueCTBE €AMHCTBEHHOTO MapaMeTpa yKa3aTelb this.

Tenepp «3MEMEHTBI» U «IIOCETUTENIN» TOTOBBL. ECIM KIMEHTY HyXHO BBINOJI-
HUTh KaKyIO-TMOO OMEpanuio, TO OH CO3JIaeT HK3EMIUISIP 00BEKTa COOTBETCTBYIO-
IIero MOJKJacca Visitor W BBI3BIBAET accept () METOJ A KaXKIOro OObEeKTa
Element, IepeaaBas OK3eMIUISIp Visitor B KauecTBE MapameTpa.

[Tpu BBI30BE MeTOAA accept () HUIETCS MPAaBUIIBHBIA MOAKIACC Element. 3a-
TEeM, IPU BBI30BE METOJAa visit () MPOrpaMMHOE YIpaBlIEHUE TepeaeTcs IMpa-
BUJILHOMY MOJIKJIacCy Visitor. TakuM oOpa3oM, ABOWHAs AucCHETYEpHU3aLUs I0-
JTy4yaeTcsl Kak CyMMa OJTMHAPHBIX AUCTIETYCPU3ALMi CHaYasa B METO/IC
accept (), a3areéM B MECTOAC visit ().

[TartepH Visitor mMo3BOJISIET JIETKO N00ABIATh HOBBIE OMEPAIIMH — HYXHO IPO-
CTO A00aBUTh HOBBIA MPOU3BOJHBIN OT Visitor kiacc. OpHako marrepH Visitor
ClIeyeT MCIOJIb30BaTh TOJBKO B TOM CIy4yae, €ClIM MOAKIACCHl Element COBO-
KYITHON MepapXuuecKol CTPYKTYPBI OCTAIOTCS CTAOMIBHBIMU (HEM3MEHSIEMBIMU).
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MPOTHBHOM CITydae, Hy>KHO IPUJIOKHUTH 3HAYUTEIIbHbIC YCHIIUS Ha
OOHOBJICHHE BCEH HepapXuu Visitor.

class Color
{
public:
virtual void accept(class Visitor*) = 0;
}i

class Red: public Color
{
public:
/*virtual*/void accept (Visitor*);
void eye ()
{
cout << "Red::eye\n";
}
}i
class Blu: public Color
{
public:
/*virtual*/void accept (Visitor*);
void sky ()
{
cout << "Blu::sky\n";
}
}i

class Visitor

{

public:
virtual void visit (Red*) = 0;
virtual void wvisit (Blu*) = 0;

}i

class CountVisitor: public Visitor
{
public:
CountVisitor ()
{
m num red = m num blu = 0;
}
/*virtual*/void visit (Red*)
{
++m_num red;
}
/*virtual*/void visit (Blu¥*)
{
++m num blu;
}
void report num()
{
cout << "Reds " << m num red << ", Blus " << m num blu << '\n';
}
private:
int m num red, m num blu;

}s

class CallVisitor: public Visitor

{
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public:
/*virtual*/void visit (Red *r)
{
r->eye();
}
/*virtual*/void visit (Blu *b)
{
b->sky () ;
}
}i

volid Red::accept (Visitor *v)
{

v->visit (this);

}

void Blu::accept (Visitor *v)
{
v->visit (this);

}

int main ()
{
Color *set[] =
{
new Red, new Blu, new Blu, new Red, new Red, 0
}i
CountVisitor count operation;
Callvisitor call operation;
for (int i = 0; set[i]; i++)
{
set[i]->accept (&count operation);
set[i]->accept (&call operation);
}

count operation.report num();

BriBog nmporpammer:

Red::eye Blu::sky Blu::sky Red::eye Red::eye Reds 3, Blus 2
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UCIMOJIb3OBAHUE STL B C++

Mexanu3m 1m1aba0HOB ObLT BCTPOEH B KoMImiiATop C++ ¢ 1enbio 1aTh BO3-
MOKHOCTH mporpammuctaM C++ co3naBaTh 3((PeKTHBHBIE M KOMIIAKTHBIE OHO-
nuoteku. Yepe3 HEKOTOpoe BpeMsl Oblila cO3/laHa OJHa U3 OMOIMOTEK, KOTOpas
BIIOCJEACTBUM M cTajia craHgapTHod wyactero C++. STL 310 camas
s dextuBHast OubnmoTexa as C++, cymecTByoIIas Ha CerOAHIIIHAN ICHb.

CeromHsi CymecTByeT MHOXECTBO pealm3aliii CTaHIapTHOW OMOIMOTEKH
11a0JIOHOB, KOTOPBIE CIEAYIOT CTaHAApTy, HO IPU ATOM IpeajaraloT CBOU pac-
IIMPEHHUs, YTO SBJSIETCS C OJTHOW CTOPOHBI ILTIOCOM, HO, C JIPYTOii, HE OUeHb XO-
pOIIIO, TTOCKOJIBKY HE BCErJa MOXXKHO HCIOJIb30BAaTh KOJI MOBTOPHO C APYTUM
KOM-TIIIIATOpOM. [103TOMY MpeAnoYTHTENFHO OCTaBaThCsl B paMKax CTaHIApTa,
Ja)ke €cl Bbl B JaJbHEHIIEM OYEHb XOpOILO pa3deperech C peanu3anuei
Baniei 6ud-IMoTEKH.

13.1 OcHoBubie kKoMnOoHeHTHI STL

Kaxnas STL komekiusi uMeeT cOOCTBEHHBIM HAOOp MIAOJOHHBIX MapamMer-
POB, KOTOPBIH HEOOXOIUM el JIJIsl TOro, 4TOObI Ha 0ase 1abiioHa peaan30BaTh TOT
WM MHOM KJIacC, MaKCUMaJbHO MPHUCIOCOOJCHHBIA ISl PEIICHUS KOHKPETHBIX
3ana4y. Kakoil TN KOJJIEKLIMM KCIMONb30BaTh, 3aBUCUT OT 3aad, MO3TOMY HEOO-
XOJIMMO 3HATh UX BHYTPEHHEE YCTPOUCTBO sl Hanbosee 3(PPEeKTUBHOTO HCIIONb-
30BaHMs. PaccMoTpuM Hanbosee 4acTo UCIOIb3yEMbIE TUTIBI KOJUIEKIIUM.

vector — KOJUIGKUMS D3JIEMEHTOB T, COXPaHCHHBIX B MACCHUBE,
yBEJIMYMBAE-MOM TI0 Mepe HeoOxomumoctu. s Toro, 4YToObl HadaTh
HCMOJIb30BAaHUE TAHHOM KOJUICKIIUH, BKJIKOUUTE #include <vector>.

list — KOJIIEKIIMS DJIEMEHTOB T, COXPAHEHHBIX, KaK JIByHAIlpaBJICHHBINA CBSI-
3aHHBIA CIUCOK. /{11 TOro, 9T0OBI HAYaTh UCIIOJIb30BAHUE JAHHOW KOJUICKIIHH,
BKJIIOUMTE #include <list>.

map — 9TO KOJUIEKIMS, COXpaHSIOLIAs Mapbl 3HAYEHUN pair<const Key,
T>. JTa KOJUISKIHS MpeaHa3HayeHa JJisi OBICTPOTO MOMCKA 3HAUEHHUS T TIO KIIIOUY
const Key. B KadecTBe Kitoua MOXET OBITh MCIOJH30BAaHO BCE, YTO YTOMIHO,
HarpuMep, CTPOKa WIM int HO TPH ATOM HEOOXOIMMO MOMHHUTBH, YTO TJIABHOM
OCOOEHHOCTBIO KJIIOYa SIBJISETCS BO3MOXXHOCTh MPUMEHUTh K HEMY OIEpalHio
cpaBHEHUS. BBICTpBIM MOMCK 3HAYEHHS IO KUY OCYLIECTBISIETCS Onaroaaps
TOMY, YTO Tapbl XpPaHIATCS B OTCOPTUPOBAHHOM BHE. DTa KOJUICKIUS MUMEET CO-
OTBETCTBEHHO W HEIOCTATOK — CKOPOCTh BCTaBKH HOBOM Maphl 0OpaTHO MPOIOp-
[IMOHAJIbHA KOJIMYECTBY JJIEMEHTOB, COXPAHEHHBIX B KOJUICKIIMH, MMOCKOJBKY TPO-
cTO 100aBUTH HOBOE 3HaUEHUE B KOHEI[ KOJUISKINH HE moy4yuTcs. Eie onna

150



Ba)KHAs BEIlb, KOTOPYID HEOOXOIUMO MOMHHUTH TPH HWCIIOJIB30BAHWU JTaHHOU
KOJI-JIGKITUM — KJTI0Y JOJDKEH OBITh yHUKambHBIM. {711 TOTO, 4TOOBI HadaTh
WCMOJIb30-BaHUE JAHHOW KOJUICKLIHH, BKIKOUUTE #include <map>. Eciu B
XOTUTE HUC-TIOJBH30BATh JIAHHYIO KOJUIEKIIMIO, YTOOBI M30exaTh 1yOJIMKAaTOB, TO
BbI U30€KUTE X TOJIBKO MO KIIIOUY.

set — A3TO KOJUIEKUUS YHUKAJIbHBIX 3HAYEHHH const Key, KaXJI0€ U3 KOTO-
PBIX SIBJIIETCA TAKXXE M KIOYOM — TO €CTh, IPOLIE TOBOPS, 3TO OTCOPTHUPOBAHHAS
KOJUICKIIHS, MPeHAa3HauYeHHas JUIsl ObICTPOTO MOMCKA HEOOXOIMMOTO 3HAYCHUSI.

KJIIIOUY TPEIBSBISIOTCS T€ K€ TpeOOBaHHUS, YTO U B clydyae KItoua Jyuisi map.
EcTecTBEHHO, UCNOIB30BATh €€ JIsl 3TOM LENH HET CMBbICIA, €CIM Bbl XOTUTE CO-
XpaHUTh B HEW MPOCTbIE THUIBI JIaHHBIX, [0 MEHBIIEH Mepe BaM HEOOXOIMMO
ONPENEIUTh CBOM KJIACC, XPAHAIIMW IMApy KUY — 3HAYECHHWE WU OIPEIACIIOIINN
ONEpalrI0 CpaBHEHUS MO KiIody. OueHb yA00HO MCIOJb30BaTh JAHHYIO KOJUIEK-
110, €CJIM BBl XOTUTE M30€XKaTh MOBTOPHOTO COXPAHEHHUs OJHOTO W TOTO K€ 3Ha-
yeHus. J{as Toro, 4yToObl HAUATh UCIIOJIB30BAHUE TAHHOM KOJUIEKIIMH, BKIOYUTE
#include <set>.

multimap — 9TO MOAU(PUIMPOBAHHBIN map, B KOTOPOM OTCYTCTBYET TpeOOoBa-
HUS YHHKaJIBbHOCTU KJIFOYa — TO €CTh, €CIU BbI MPOU3BEAETE MOUCK MO KIFOUY, TO
BaM BEpHETCS HE OJHO 3HaueHue, a HabOp 3HAaYeHUM, COXPAHEHHBIX C JAHHBIM
KJIt04OM. J[71s1 TOTr0, 4TOOBI HAYaTh UCIIOJIB30BAHUE TAHHON KOJUICKIIMH BKIIOUUTE
#include <map>.

multiset — TO € CaMO€ OTHOCHTCS M K JTOW KOJUICKIIMH, TpeOOBaHUs
YHU-KaQJIbBHOCTH KJIF0Ya B HEM HE CYILIECTBYET, YTO IMPUBOAUT K BO3MOKHOCTHU
XpaHe-HUs JyOJMKAaTOB 3HAUCHUU. TeM He MeHee, CYIIEeCTBYET BO3MO>KHOCTh
OBICTPOTO HAXOXKJICHUS 3HAYEHUW MO KIIIOYY B CIIy4yae, €CJIM BBl OMpPENeIUiIH
cBoM knacc. IlockombKy Bce 3HAU€HHST B map M set XpaHATCA B
OTCOPTUPOBAHHOM BHJIE, TO MOJIyYaeTCs, YTO B ITUX KOJUIEKLMUSAX MBI MOYKEM
OUYeHb OBICTPO OTHICKATh HEOO-XOJIMMOE HaM 3HAUYCHUE MO0 KIF0UY, HO TIPH ITOM
orepaiiysi BCTAaBKM HOBOT'O 3Jie-MeHTa T OyJIeT CTOMTh HaM HECKOJIBKO JOPOKE,
4yeM HamnpuMmep B vector. [ns Toro, 4roObl HadaTh UCIOJIL30BAaHUE JTAHHOMN
KOJUIEKIINU, BKIIIOYUTE #include <set>.

13.2 STL-cTpoknu

He cymecTByet cepbe3Hoi 61OIMOTEKH, KOTOpasi Obl He BKJI0O4aja B ce0s CBOM
KJIacC JUIsl IPEJICTABIICHUS CTPOK MJIM JIayKe HECKOJBKO MOA00HBIX KitaccoB. STL —
ctpoku nogaepxxkusaroT kak ¢popmat ASCII, Tak u popmat Unicode.
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string — MPEACTaBISIET U3 CEOsl KOJUIEKIMIO, XPAHAU[YI0 CUMBOJIBI char B
dopmare ASCII. st Toro, 4T00BI KCIIOIB30BATh JAHHYIO KOJIJICKIIMIO, BAM HEOO-
XOAUMO BKJIIOYUTHh #include <string>.

wstring —'3TOiKOHHeKHHﬂlUUIXpaHeHHﬂQHBYX6aﬁTHBD(CHMBOHOB wchar_t,
KOTOPBIC MCIIOJB3YIOTCA I IMPCACTABICHHA BCCIO Ha60pa CHUMBOJIOB B q)opMaTe
Unicode. 115 TOr0, 9TOOBI UCIIOJIB30BATh JaHHYIO KOJUICKIHIO, BAM HEOOXOAMMO
BKIIIOUUTH #include <xstring>.

13.2.1 Cmpoxosvie nomoxu

Wcnonb3ytoTess Aisi OpraHu3allid COXPAHEHHS MPOCTHIX TUIOB JAHHBIX B
STL crpoku B crune C++. Humxke mnpuBeneHa mnpocras mporpamma,
JEMOHCTPUPYIOIIAs BO3MOKHOCTH UCIIOIb30BaHUSI CTPOKOBBIX TOTOKOB:

//stl.cpp: Defines the entry point for the console application

#include "stdafx.h"
#include <iostream>
#include <strstream>
#include <string>
using namespace std;

int tmain (int argc, _TCHAR* argv [])
{

strstream xstr;

for (int 1 = 0; 1 < 10; i++)

{

xstr << "Demo " << 1 << endl;

}

cout << xstr.str ();

string str;

str.assign (xstr.str (), xstr.pcount

()); cout << str.c_str (); return O0;

CTpoKOBBIi MOTOK — 3TO MPOCTO Oydep, B KOHIE KOTOPOrO YCTAHOBIICH HYJb
TCPMHUHATOP, ITIO3TOMY MBI Ha6J'IIOIIaeM B KOHIC CTPOKH MYCOp IIpHU HepBOfI pac-
IIEYATKE, TO €CTh PEAIbHBIN KOHEI| CTPOKU OIPENEIIEH HE TOCPEACTBOM HYJIb TEP-
MHUHATOpPA, a C IOMOIIBIO CYCTUMKA, 1 €TO Pa3MCP MOKHO ITOJIYUUTH C ITIOMOIIBIO
MCTOJZIa pcount ().

Jlanee MbI IPOM3BOIUM KOMTMPOBAHUE COACPKUMOTO Oydepa B CTPOKY U Tie-
yaTaeM CTPOKY BTOPOi pa3. Ha aToT pa3 oHa nevataeTcs 6€3 Mycopa.

OcCHOBHBIE METO[IbI, KOTOPBIE MPHUCYTCTBYIOT MOYTH BO Bcex STL komek-
OuAX, IIPUBCACHBI HUKC.

empty — OINPEHEIAET, ABIACTCA JIM KOJUICKIUS ITyCTOM.
size — ompenenseT pa3Mep KOJJIEKIUH.
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begin — BO3BpAIACT NPSMOW UTEPATOP, YKA3bIBAIOIIMK HA HAYAJIO KOJUJIEK-
1807058

end — BO3BpalllaeT NPSIMOIl UTEPATOP, YKA3bIBAIOIIUM HA KOHEI] KOJUICK-
uu. [Ipu 3TOM HajO y4ecTh, UTO peaibHO OH HE YKa3bIBAaeT Ha €€ MOCIEIHUMN
AJIEMEHT, a YKa3bIBa€T HA BOOOpakaeMbIil HECYIIECTBYIOIIUI 3JIEMEHT, CIIETyIO-
AU 3a ITOCJICTHUM.

rbegin — BO3BpalllaeT 0OpaTHBIN UTEPATOP, YKA3BIBAIOIINI HA HAYAJIO
KOJIJIEKIIUH.

rend — BO3BpalllaeT 0OPATHBIN UTEPATOP, YKa3bIBAIOIIMKA HAa KOHEIl KOJI-
nexkuuu. IIpy 3TOM Hago ydecTb, YTO peajbHO OH HE YKa3blBaeT Ha €€
MOCJIETHUN DJIEMEHT, a YKa3blBaeT Ha BOOOpa)KaeMbI HECYLIECTBYIOUIUN
AJEMEHT, CIAEAYIO-IUHI 32 MOCIETHUM.

clear — YyJHaJsieT BCE JIEMEHTHI KOJUICKIWU, IPU 3TOM, €CJIU B BalleH

KOJ-JICKOUHW COXPAaHCHBI YKasaTcClii, TO Bbl JOJDKHBI HC 3a0BITh YAaJIUuTb BCC
3JICMCHTBI BPY4YHYIO IIOCPCACTBOM BbI30BA delete IUIA KAXXIOI0 YKa3aTeyd.

erase — YyA4aJLICT 3JICMCHT HJIM HCCKOJIBKO 3JICMCHTOB M3 KOJUJICKIIUH.

capacity — BMECTHMOCTb KOJIJICKIIUU OMpPEAeIsieT pealbHbId pa3Mep — TO
ecTh pa3mep Oydepa KOIEKIMH, a HE TO, CKOJIBKO B HEM XPAHUTCS IJIEMEHTOB.
Korzaa BbI co3naere KOJUIEKLHMIO, TO BBIIEISETCS HEKOTOPOE KOJIMYECTBO MAMSTH.
Kak Tompko pasmep Oydepa oka3zbIBaeTCs MEHBIIMM, YeM pa3Mep, HEOOXOIMMBINA
JUISL XpaHEHHUs BCEX AJIEMEHTOB KOJUICKIMH, IPOUCXOJIUT BBIACICHUE MaMATU IS
HOBOTO Oydepa, a BCe 2JIIEMEHTHI CTapOro KOMUPYIOTCS B HOBBIM Oydep. [Ipu atom
pa3Mep HoBoro Oydepa Oyner B aBa pasza OoibiiuM, YeMm pa3mep Oydepa, Bbiie-
JIEHHOTO TIEpEl TUM — TaKas CTPATETrHs MO3BOJISIET YMEHBIIUTh KOJIMYECTBO OIe-
panuii mepepacrpeaesneHus MaMsITH, HO MPU 3TOM OYE€Hb PACTOUYMUTENIBHO PACXO-
nyetcst mamsathk. [Ipuuem B HekoTOpbIx peanuzanusax STL mepBoe BblaeiaeHUE mna-
MATHA MPOUCXOJUT HE B KOHCTPYKTOPE, a KaK HU CTPAHHO, MpU J100aBICHUM Tep-
BOTO dJeMEHTa KOJuleKIuu. dparMeHT mporpaMMmbl HIKE IEMOHCTPUPYET, UTO
pa3Mep ¥ BMECTUMOCTh KOJUIEKIIMH — JABE Pa3HbIE CYIIHOCTH:

vector<int> vec;
cout << "Real size of array in vector: " << vec.capacity () << endl;
for (int j = 0; j < 10; J++)
{
vec.push back (10);
}
cout << "Real size of array in vector: " << vec.capacity () <<
endl; return O;
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13.3 Bekropsl

Hau6onee yacTo ucnosib3zyemas KoOJUIeKIUs — 3To BeKTop. Kak yxxe Obu1o oT-
MEYEHO BBIIIE, BHYTPEHHSSI pean3alys TON KOJUIEKIIUU IPEICTaBIIsAET U3 ce0s
MAacCCHUB U CYETYMK DJIEMEHTOB, COXPAHEHHBIX B HEM.

[Ipeamonoxxum, HaM HEOOXOJAMMO HAIMUCATh JIOTUKY KIHUEHT — CEPBEPHOTO
MPUJIOKEHUS. AIMUHUCTPATOP CETH MOCHUIAET COOOIIECHHUS HA CEpBEpP C Ompe/ie-
JICHHBIM UHTEPBAJIOM, TJI¢ OHU COXPAHSIIOTCS B OJHOM OOIIIEM MacCHBE common,
Opyd  3TOM  Kaxjoe  cooOllleHne uMeeT Tojie  To,  OAHO3HAYHO
UICHTU(UIUPYIOIIEE KAXIOTO KINCHTA.

Kaxxaplii KIMEHT Takke MOJKII0YAaeTCs K CepBepy, HO C TOpa3ao OOJBIINM
UHTEPBAJIOM, 4YeM TMPUXOJ COOOIIEHWH OT aJAMHHHCTPATOpa, YTOOBI
IPOCMOTPETh COOOIICHUs, aJpecoBaHHble emy. [Ipu HSToM Ham TaKxke
HEO00XOJIUMO 3HATh XPO-HOJIOTHIO MPUXO0Ja COOOIIECHUH, apeCOBAHHBIX Pa3HbIM
MOJIb30BaTENsIM (KaKoe COOOIIEHUE MPUIILIO PaHbIIE, a KaKoe M03Ke B JI000H
MOMEHT BpeMeHH). Jjig Toro, yToObl MOJYYUTH COOOIICHHS, KIUEHT JOJIKEH
MOJIKJIIOYUTHCS K CepBEpY, MPOCMOTPETh MACCHMB COMMON JJIsi TOTO, YTOOBI
BBIOPATh COOOIIEHNS, aPECO-BaHHBIE EMY, U MTOCIIE OTKIIOUYUTHCS.

HaIleM cily4ae, TPU KJIMEHTa MOAKIIOYAIOTCS K CEpBEPY M KaxKIblid Mpo-
CMaTpHUBaET OO MacCUB COOOIICHUH, P ATOM MBI JOJDKHBI CIENIaTh Hallle
NPWIOKEHUE TOTOYHO — O€30MacHbIM, MOATOMY JOJKHBI HCIOIB30BATh KOJI
BHYTPU KPUTHUUYECKOM ceKIuu. Bce 3T0 paHO Wi MO3HO MPUBENET K TOMY, UTO
C YBEJIMYEHUEM YHCIIa KIIMEHTOB MPUJIOKEHUE CTAHET OUECHb ME/JICHHBIM.

st Toro, 4toObl M30€kKaTh ATOM CHTyallMu, MBI 3aBEIEM MACCHB COOOIICHHIA
JUISL KOKJIOTO KJIMEHTAa U BMECTO TOTO, YTOOBI IMTPOCMATPUBATh OOIINNA MAacCHUB CO-
oOIIeHNI TpU pasza, Mbl OyJIeM NMPOCMATPHUBATH €O BCETO JIUIIb OJWH pa3 C MH-
TCPBAJIOM BPCMCHHU, AJICKBATHBIM IICPUOAY MOAKIIOYCHUA OJHOTO KIIMCHTA. HpI/I
ATOM CKOMHPYEM BC€ COOOIICHHSI B COOTBETCTBYIOIIME MAacCUBBHI. KIiMeHTHI ke
OyIyT MpOCTO 3a0upaTh JaHHBIC U3 CBOMX MACCHBOB MPHU MOAKITIOYCHHH.

Ha camom nene 3T0 HEeMHOTO HENPaBUIIBHBIA MTOAXO/ JJIsl PELICHUS 3TOU 3a-
naun. Cxopee Bcero, HaM Hajao ObLIO OBl COXPAHATH COOOIICHUS B MOMEHT HMX
nmpuxoja B o0a MaccuBa, HO HaIllla 1eJIb — TOCMOTPETh BO3MOXKHOCTH UCIOJIb30-
BaHUSl KOJUIEKIIMU vector, IO3TOMY BOCIIOJb3YEMCS 3ITUM MOAXOJIOM U
peACcTa-BUM YIIPOIICHHYIO JIOTUKY TaKOTO MPUIIOKEHUS:

#include "stdafx.h"
#include <iostream>
#include <strstream>
#include <string>
#include <vector>
#include <algorithm>
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using namespace std;

class MyMessage
{
private:
string from;
string to;
string message;
int id;
public:
MyMessage (string from, string to, string message)
{
this->from = from;
this->to = to;
this->message = message;
}
int GetId()
{
return this->id;
}
void SetId(int id)
{
this->id = id;
}
string GetMessage ()
{
return this->message;
}
string GetFrom()
{
return this->from;
}
string GetTo ()
{

return this->to;
}s

int tmain (int argc, TCHAR* argv [])
{
vector<MyMessage> common;
create pool of messages for 3 users:
for (int user = 0; user < 3; user++)

{
for (int i = 0; 1 < 10; i++)
{

strstream messagex;

messagex << "Message " << i; string smessage;
smessage.assign (messagex.str (),
messagex.pcount ()); strstream userx;

userx << "User " <<

user; string suser;

suser.assign (userx.str (), userx.pcount ());
MyMessage message ("Administrator", suser,
smessage); message.SetId (user*10 + 1);
common.push back (message);

create vector for each user:
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vector<MyMessage> user(;
vector<MyMessage> userl;
vector<MyMessage> user2;

for (int x = 0; x < (int) common.size (); x++)
{

MyMessage message = common [x];

if (message.GetTo () == "User 0")

{
userO.push back (message);
}
else if (message.GetTo () == "User 1")
{
userl.push back (message);
}
else if (message.GetTo () == "User 2")
{
user2.push back (message);
}
}

cout << "Messages for user 2: " << endl;
for (int 1 = 0; i < (int) user2.size (); i++)
{

MyMessage message = user2[i];

cout << message.GetTo () << endl;
}
cout << "Messages for user 1: " << endl;
for (int 1 = 0; 1 < (int) userl.size (); i++)

{

MyMessage message = userl[i];

cout << message.GetTo () << endl;
}
cout << "Messages for user 0: " << endl;
for (int i = 0; 1 < (int) userO.size (); i++)

{
MyMessage message = user0[i];
cout << message.GetTo () << endl;

cout << "Size of common vector: " << (int) common.size () <<
endl; return O;

13.4 UtepaTopbl

ITpu nepeunciaeHNH OCHOBHBIX METOJIOB KOJIJIEKIUI YITIOMUHAIUCH UTEPA-TOPBI,
Mpyu ATOM HE OBUIO JaHO OmpeneNieHue JToW cymHocTH. Mteparop — 37O
abcTpakuusi, KoTopas BeJeT ce0s, KaKk yKazareldb ¢ HEKOTOPbIMU OTPaHHMYEHUSIMHU
WM 0€3 HUX, TO €CTh, COXPAaHSET BCE CBOMCTBA CBOETO MPAapOAUTENs. Y Ka3aTelb
— 3TO TOXE UTEpaTtop. B neHCTBUTENHLHOCTH, UTEPATOPHI, B OOJIBILIMHCTBE CITY-
yaeB, 3TO OOBEKTHbIE OOEpPTKM YyKazarened. BoT KkKak NpUMEpPHO MOXET
BBIIVISZIETE BHYTPEHHEE YCTPOMCTBO UTEpATOpA:

class Iterator

{

T* pointer;
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public:
T* GetPointer ()
{

return this->pointer;
}
voilid SetPointer (T* pointer)
{

this->pointer = pointer;

}s

Ho uteparop npencrasisier co0oil 60see BHICOKMI ypOBEHb a0CTpaKIUu, YeM
yKa3aTelb, IOATOMY YTBEP)KICHUE, YTO UTEPATOP — ATO YKas3arelb B HEKOTOPHIX
CIIy4asiXx MOXeET OBbITh HEBEPHO. A BOT 0OpaTHOE OyJeT BEpHO BCETa.

HUrepaTopsl 06ecnieunBaroT JOCTYII K 3JIEMEHTaM B KOJUICKIUH.

Hteparopsl AJisI KOHKPETHOTO Kiacca KOJUICKIHWH OMPENENSIOTCS BHYTPHU
Kjacca 3Toi koyuiekuuu. B STL cymecTByeT Tpu Tuna urepaTopos: iterator, re-
verse_iterator, u random access iterator. [[ns 00X01a KOJIJIEKIIUU OT MEHBILETO
MHJIEKCa K OOJbIIeMy, UCTIONIL3YIOTCs 00bryHbIle i forward ureparopsl. s
0o0xo/la KOJUIEKIIMM B OOpaTHOM HAINpPaBJIEHUU HCIOJB3YIOTCS TeVerse
utepatopel. Random access iterator sSBISIIOTCS UTEpAaTOpamMu, KOTOPHIE MOTYT
00XOIUTh KOJI-JIEKLUUIO KakK BIlepeld, Tak W Hazaa. Huxke npuBeneH npumep
HCIIOJIb30BaHUS UTE-PATOPOB ISl YIaJICHUSI IOJIOBUHBI 3JIEMEHTOB BEKTOPA!

#include "stdafx.h"
#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;

void printInt (int number);

int tmain (int argc, _TCHAR* argv [])
{
vector<int> myVec;
vector<int>::iterator first, last;
for (long i=0; i<10; i++)
{
myVec.push back (i);
}
first = myVec.begin ()
last = myVec.begin ()
if (last >= myVec.end
{

; 5;
0)

return -1;
}
myVec.erase (first, last);
for each (myVec.begin (), myVec.end (),
printInt); return 0;
}
void printInt (int number)
{
cout << number << endl;

}
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Baxxno IIOMHHTB, YTO KOr'Zla BbI ITOJY4YaCTC UTCPATOP K KOJUICKIHH, a ITOCJIC
9TOI0O Mozm(bHquyeTe KOJUICKOHUIO, TO 3TOT UTCPATOP CTAHOBUTCA YIKC HCIIPpU-
T'OOJHBIM K HCIIOJIB30BaHHUIO. ECTCCTBCHHO, HC BCC HU3MCHCHHUA IIPHUBOJAT K
HCHIPU-TOJHOCTHU HUTCpATOpa IJIA HaﬂbHeﬁIHeFO HUCIIOJB30BaHHUA, a TOJBKO
HU3MCHCHUS CTPYKTYPbI KOJUICKIIUU. B clIy4dac KC, €CJIM Bbl IIPOCTO U3MCHHTC
3HA4YCHUA, CO-XPAaHCHHBIC B KOJJICKOWH, TO HUYCTO CTPAIIHOI'O HEC HpOHSOﬁHeT )51
UTCPATOP HC UCIIOPTUTCA.

I/ITCpaHI/ISI 110 KOJUICKOHU BIICPCA IIPOUCXOJUT TaK:

for (iterator element = begin (); element < end ();
element++) {
t = (*element);

}

M’I‘epaLU/IH 10 KOJIJIEKLUMM Ha3ald INIPOMCXOoOUT TakK:
for (reverse iterator element = rbegin(); element < rend();
element++) {
t = (*element);

}

[Ipu pabote u ¢ random access iterator HUTEPaTOPOM CUHTAKCHC
KOHCTPYKIIMU MOKET OBITh, HAIIPUMED, TAKUM:

for (iterator element = begin(); element < end(); element +=
2) A{
t = (*element);

}

Jlst 6onee 3(pheKTUBHOTO MCTIOTB30BAHMSI KOHTEHHEPOB UCIIONIB3YHTE
typedef WJIM HACIEIyWUTE CBOM KJIACC OT KJIACCA KOJUICKIIUM.

CnenaTtb DTO MOYKHO TaK:

typedef vector<int> myVector
typedef map<string, int> myMap
typedef deque<string> myQue

Vi BOT Takas TexHMKa B CJlydae HaCJIeIOBAaHUS:
class myVector: public vector<int> {};

B cayyae C uTepaToOpoOM MNPMMEHMMAa NOpelpayllasd TeXHUKA:
typedef myVector::iterator vectorIterator
typedef myVector::reverse iterator revVectorIterator

13.5 Anropurmsl

{0 3TOro Mbl MOCMOTPENN OCHOBHBIE MPUEMBbI UCTIONB30BaHuA STL kosutek-1ui
Ha MpUMeEpe UCIOJIb30BaHus BekTopa. 1o ocHoBa STL, HO Ansg TOro, 4yToObI MO-
HACTOAIIEMY HCIOJIb30BaTh BCIO MOIIb 9TON OMOIMOTEKH, MPUACTCS PACIIH-PUTH
Ham 3HaHus. C HCHOJIb30BAHUEM aJTOPUTMOB BO3MOXKHO CO3/]JaHUE OYECHb
MOITHBIX U 3(PPEKTUBHBIX MporpamMM. [1o KOMIIAaKTHOCTH TaKON KOJ TPEBOCXOIUT
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KOJI, HAIlMCaHHbIH HAa TaKUX COBPEMEHHBIX fA3bIKaX, Kak Java u C#, u B
3HAYUTEh-HOU cTeneHn d()(PEKTUBHEE MTOCIECTHETO.

STL-anropuT™bl MpeCTaBISAIOT HA0Op TOTOBBIX (DYHKIIUNA, KOTOPHIE MOTYT
ObITh puMeHeHBI K STL KOJUIeKIusAM ¥ MOTYT OBITh MOAPA3/AeiIeHbl Ha TPU OC-
HOBHBIX TPYIIIIBI:

byHKIMA 115 Iepedopa BCeX WICHOB KOJUICKITUU U BBITIOJHEHUS OTIPeie-
JICHHBIX JCUCTBUHN HaJ KaXXIbIM U3 HUX;

(GYHKIUA JUTsI COPTUPOBKY WICHOB KOJUICKITUH;

(GYHKITUYU JUTS BBITIOJIHEHUS OTIPE/ICIICHHBIX apu(METHICCKUX JEHCTBUIN
HaJl YWICHAMHU KOJUICKIIUH.

K nepgoii rpynmne QyHKIUA OTHOCSATCS:

count, find, for each, search, copy, swap, replace, transform,
remove, unique, reverse, random shuffle, partition H Jp.

Wutepdeiicel pyHKIUN for each M accumulate:!

for each (iteratorl, iterator2, function);

list<int> L(...)
int sum = accumulate (L.begin(), L.end(), 0, [plus<int>()]);

[Ipumep ucnoab30BaHus PYHKIUU transform:

transform algorithm example
#include <iostream> #include
<algorithm> #include <vector>
using namespace std;

int op_increase(int i) { return ++i; }
int op sum(int i, int j) { return i + j; }

int main ()

{
vector<int> first;
vector<int> second;
vector<int>::iterator it;

// set some values:
for (int 1 = 1; 1 < 6; i++) first.push back(i*10);
// first: 10 20 30 40 50

allocate space
second.resize (first.size())
transform(first.begin(), first.end(), second.begin(), op increase);
second: 11 21 31 41 51

transform(first.begin(), first.end(),
second.begin(), first.begin(), op_sum);
// first: 21 41 61 81 101
return 0;
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Nutepderichl GyHKIMI 3aMOTHEHUS] KOJUICKITN:

£i11 2A00IHIEeT OOCHEeIQORATENEHQCTE 2IeMeHTOR oT iteratorl] 1o iterator?

fill (iteratorl, iterator2, value); // 3HadeHueMm value

fill_n BaloJIHAET N BJIEMEHTOB IIOCJEOOBATEJIBHOCTM, HauMHAa C YKAas3aHHOTO
fill n (iteratorl, N, value);

generate paboraeTr, kak fill, HO IOJg TeHepaluMM MCHOJNbL3yeTCS QYHKIUL,
generate (iteratorl, iterator2, func); // xoTopasd He IPUHUMAET

APTYMEHTOB

generate n (iteratorl, N, function);

[Tpumep ucnonb3oBaHus GYHKINHN generate!

// function generator:
int RandomNumber () { return (std::rand()%100); }

class generator:
struct c unique {
int current;
c_unique () {current=0;}
int operator() () {return
++current;} } UniqueNumber;

int main ()

{
std::srand ( unsigned ( std::time(0) ) );
std::vector<int> myvector (8);

generate (myvector.begin(), myvector.end(), RandomNumber) ;

std::cout << "myvector contains:";
for (std::vector<int>::iterator it = myvector.begin();
it !'= myvector.end(); ++it)
std::cout << ' ' << *it;
std::cout << '\n';

std::generate (myvector.begin(), myvector.end(), UnigqueNumber) ;

std::cout << "myvector contains:";
for (std::vector<int>::iterator it = myvector.begin();
it !'= myvector.end(); ++it)
std::cout << ' ' << *it;
std::cout << '\n';

return 0O;

Nutepdeticel pyHKImit oOMeHa:

swap OCyHmeCcTBJSeT OOMeH INBYyX BJIEMEHTOB
swap (elementl, element?2);

iter swap ocymecTByseT OOMEH 3JIEMEHTOB, Ha KOTOPHE yKas3hBaioT
UTEepaTOPH
iter swap (iteratorl, iterator2);
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swap ranges — oOOMeH »JjeMeHTamMu OT iterl mo iter2 c sjmemeHTaMmu,

swap_ranges (iterl, iter2, iter3); // HaumHaomyMmmucs c iter3

Bropast rpynna ¢yHKIHii BKIIOYAET:

sort, stable sort, nth element, binary search, lower bound,
up-per bound, equal range, merge, includes, min, max, min element,
max element, lexographical compare H Ip.

HuTepdeiicbl anropuTMOB COPTUPOBKH KOJUTEKITHIA:

sort (begin, end);
partial sort BenmaeT mepbBue N 3JIeMEHTOB B OTCOPTMPOBAHHOM NOpPAOKe, a

partial sort (begin, begin + N, end) // ocrambHEE - Kak IONaJo.

nth element BhaeT 3JIeMEHT Ha KOPPEKTHOM N-¥ nosuumm, B Clydae, €Ciu
ObL
nth element (begin, begin + N, end) // konnexkuusa OwUia
OTCOPTHUPOBAHA

partition paszmesseT KOJIJIEKLMIO Ha 2 dYyacTu, corjyiacHo function
partition (begin, end, function)

HuTtepdericel GyHKIUN CpaBHEHUS KOJUICKITUI:

equal Bo3BpamaeT true, ecyu MNOCJIEeNOBATEJIbHOCTY PAaBHH (==)
equal (firstl, lastl, first2);

mismatch Bo3BpamaeT yka3aTesib Ha I[IEPBHM B3JIEMEHT, KOTOPHIM HE pPaBeH
mismatch (firstl, lastl, first2); // cooTBeTcTByKIEMYy B
IOCJIenOBaTEJILHOCTHU

lexicographical compare Bo3BpamaeT true, eciu nepsas
[I0CJIeNOBATEJIbHOCTD
lexicographical compare(firstl, lastl, first2, last2); // MeHbme BTOPOIL

TpeThel Tpynne PyHKIIUNH OTHOCATCS:
accumulate, inner product, partial sum, adjacent difference.
Panee mbI ye UCIONB30BAIM OJUH U3 AIITOPUTMOB: for each () A TOrO,
9TOOBI pacrieyaTaTh BCE 3HAYEHHUS W3 BEKTOpa. BaxkHO OTMETHTH, YTO, KpOME
yKa-3aTeisi Ha (QYHKUUIO B 3TOM Ciy4yae Mbl MOTJIM OBl mepenatb (QyHKTOp —
CIIELIU-aJIbHBIN KJIACC C MEPETPYIKEHHBIM OIIEPATOPOM operator ().

#include "stdafx.h"
#include <iostream>
#include <strstream>
#include <string>
#include <vector>
#include <algorithm>
using namespace std;

class MyFunctor
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string comment;
public:
MyFunctor ()
{
comment = "My comment";
}
MyFunctor (string comment)
{
this->comment = comment;
}
void operator () (int test)
{
cout << test << comment << endl;
}
};

int tmain (int argc, _TCHAR* argv [])
{

vector<int> test;

// £ill vector:

for (int i = 0; 1 < 5; i++)

{

test.push back (i);

}

// now use our functor:

MyFunctor functor ("Test comment");

for each (test.begin (), test.end (),

fungtor); return O;

[Tpenmy1iecTBO TaKOT0O MOAX0/a 3aKI0YAETCsl B TOM, UTO €CJIM HaM Heo0Xo-
JTUMO TiepesiaTh Kakue — JU00 mapameTphl IJig TOro, 4YTOObI TPOU3BECTH 00pa-
OO0TKY Ka)/I0Tr0 4WieHa KOJUIEKIIMH, TO Mbl UMEEM BO3MOXKHOCTh ClIe€JaTh 3TO B
KOHCTpYKTOpe (yHKTOpa WJIM ONPEAETUTh TONOIHUTENbHbIE (DYHKIINU B KJacce
— (yHKTOpE. DTO MO3BOJIUT HAM COKPATUTh KOJIMYECTBO MEPEMEHHBIX B 00J1aCTU
BUJIMMOCTH (PYHKUIMHU — 00pabOTUMKa YIEHOB KOJUIEKLIUU JJI XpAaHEHHs 3Have-
HUW, KOTOpbIE€ BIOCIEACTBUM OYyIyT HCIIONb30BAaHbI BHYTPU Tejla 3TOU
¢ynkuuu. Ecnu ke nns paboThl HaJl 4ieHaMU KOJUIEKIMH HaM HE HYXKHO
nepenaBaTh napa-MeTphbl, TO LieJIeco00pa3Hee ONpeAeTUTh MPOCTO GYHKIIHIO.

Eme oauH HeOOJBLION MNpUMEp HCHONb30BAHUSA AJITOPUTMOB IPHUBEICH
HUXE, Mbl CO3Ja€M JIB€ KOJUIEKIMM: >KEHCKYI0 M MYXCKYI, IOCIE YEro
3aMoJHsAEM KaK-yI0 U3 HUX COOTBETCTBYIOIIMMHU UMEHAMH MYKUYUH U JKECHILMH.
Ecnu Mbl 3aX0-THM NOMEHSATH MECTOHAXOXK/IEHHE YICHOB O0OUX KOJUICKIHMHA —
TO €CTh, KCHUIUH MOMECTUTh B MYKCKYIO KOJUIEKIIUIO U HA00OpOT, TO CAENaTh
3TO € KUCIOJIB30BA-HUEM AITOPUTMOB OYEHB MPOCTO:

#include "stdafx.h"
#include <iostream>
#include <strstream>
#include <string>
#include <vector>
#include <algorithm>
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using namespace std;

void printMan (string user);

int tmain (int argc, _TCHAR* argv [])

{

vector<string> maleRoom;
vector<string> fimaleRoom;
maleRoom.push back ("Vasya");
maleRoom.push back ("Petya");
maleRoom.push back ("Sasha");

fimaleRoom.push back ("Nastya");
fimaleRoom.push back ("Alena");
fimaleRoom.push back ("Sveta");

for each (maleRoom.begin (), maleRoom.end (),
printMan); reverse (maleRoom.begin (), maleRoom.end
()); cout << "Males in reverse order " << endl;

for each (maleRoom.begin (), maleRoom.end (),
prthMan); maleRoom.swap (fimaleRoom) ;

cout << "Now in male room are fimales: " << endl;
for each (maleRoom.begin (), maleRoom.end (),
prthMan); return 0;

void printMan (string man)

{

cout << man << endl;
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