1. Yayumenus sizpika C

3amMeHa U1 penpolueccopa

KBaJ'II/I(bI/IKaTOp const NO3BONAET CO30aBaTb TUNMN3NPOBAHHbIE KOHCTAHTHI, C

orpaHn4yeHHon obnacTbio BUOMMOCTU B OTNINYME OT KOHCTaHT, ONpeaerieHHbIX
#define. 3agaTb 3HAYEHNE KOHCTAHTE MOXXHO TOMNbKO MPU CO34aHUN.

const int size=100;
int a[size];
const double pi=3.14159265358979323846;

Takke aTOT KBAaNndUKaTop NCnonb3yeTcs Ans ykasaHud, YTo napameTp He
MEHSIeTCS BHYTPU DYHKLIMN.

char *strcpy(char *dst, const char *src);

PyHKUMSA, onpeageneHHada ¢ NoOMOLLbIO cneuudukaTopa inline CTaAHOBUTCS
BCTpaMBaeMoOWn, T.e. €€ Ko NOACTaBIMSETCA B TOYKY Bbi3oBa. [1pn aToM
YCTPaHAKTCA BCE HEQOCTATKNU, CBOMCTBEHHbIE MaKkpoonpeaeneHnam. Bpema
paboTbl NporpamMmMbl YMEHbLLUAETCH 3a CHET onepaumn
COXPaHEHUA/BOCCTAHOBIIEHNS PETNCTPOB M Nepenayvn yrnpasneHus, HO pasmep



nporpammel ysenununeaetca. Cneymdukatop inline HOCUT PeEKOMEHAOATESbHbLIN
xapakTtep, anga 6onblnx yHKUUN KOMAINAATOP reHepupyeT 0bblYHbIW BbI3OB.
Teno scTpanBaemMoun OyHKLUUM onpeaenaeTca B 3arofioBOYHOM doaunne.

inline int max (int x, int vy)

{ return x>y?x:y;

}

MakpoonpegeneHmne #define max (x,y) ((x)>(y)?(x): (y)) paboTtaeT ons
NoObIX TMNOB AaHHbIX. YTODbI YyHKUKMA max paboTana Tak e, €€ HYXHO
onpeaennuTb Kak LWabnoH:

template <typename T>

inline T max (T x, T v)

{ return x>y?x:y;

}



Cchplakn

B a3bike C peann3oBaHa TONbLKO nepegaya napamMmeTpoB MNo 3Ha4YeHuto. Ecnu
noTpebyeTca U3MEHEHUE NEPEMEHHON BHYTPU OYHKLNK, TO HYXKHO Nepenartb
doyHKUMN agpec nepeMeHHOW, NPUMEHUB onepaunio &, a BHYTPU PYHKLUNK
BbINOMHATb Ornepaumio pasbiIMEHOBAHMA ON19 napameTpa npu Bcex obpalleHnax K
aTom nepemeHHon. B C++ nosiBunacb 3aMeHa and ykasaTenenm — CCbifika, KOTopyto
MOXHO paccMaTtpuBaTb Kak KOHCTAHTHbIN yKa3aTtesib, KOTOpbIN BCerga
pa3biIMeHOBaH.

Ccblfika gOoMmKHa NHMLMann3npoBaTbCs Npu co3gaHnUmM HEKOTOPLIM OOBLEKTOM,
agpec KoToporo byaeT XxpaHUTLCA B CChIfKke. [lepeHanpaBuUTb CCbINKY Ha OpYrou
00beKT Hemnb3s. IaMeHeHne CChINKU NPUBOAUT K UBMEHEHMIO 0DBLEKTA.

int a=5;

int &b=a;

b=6; // a=6



Ualle Bcero ccbifnku UCMNOmMb3yTCA B Ka4ecTBe napamMeTpoB PyHKLUM.

void swap (int &x, int &vy)

{ int t;
t=x;
X=V;
y=t;

}

int main ()

{ int a=1, Db
swap (a,b) ;
// a=2r b=

2;

1
}

PyHKUMA MOXET BO3BpaLLaTb CCbINKy. Pe3ynbtat Takon oyHKLMN MOXHO
MCNONb30BaTb B Ka4eCTBEe N1eBOro onepaxHaa npuceamsaHmsa. MoxHo Bo3BpallaTb
TONBLKO CCbINKY Ha apryMmeHT oyHKUUM (Mn ero 4yacTb), nepeaaHHbIv MO CChISIKeE,
NN Ha CTaTUYECKUN OOBEKT.



new u delete

OyHKUMM malloc U calloc HE 06ecneYnBaloT COOTBETCTBUS MEXOY pa3sMepom
BblOEJTIEHHOWN NMAMATU N TUNMOM OaHHbIX.

double *p; // mo mMommbukaumm int *p;

p=calloc (n,sizeof (int)); // 3abvul MCHpPaBUTHL TUI, HO
KOMIIMJIATOP HE 3aMeTUT 3TOM OULUDOKM

PesynbraT calloc UMEET TUn void *, KOTOpbIK B C MOXET ObITb NpeocbpasoBaH

K yKasartento nioboro tTuna 6e3 ABHOro Bbi3oBa ornepawmn npeobpasoBaHus, HO
OaXke Ucnosib3oBaHne sIBHOro npeobpasoBaHna pesynbraTa He rapaHTUpPYET, YTO B
aprymeHTtax He ByadeTt oLmnbKu:

p=(double *)calloc(n,sizeof (int));

Kpome Toro, MHOrme nporpaMmMmuUcCTbl HE 3ab0TATCA O NPOBEPKE pe3yrbTaTta
doyHkumn Ha 0, cumTas, 4TO NaMATM MHOTO.

[na yctpaHeHnsa HegocTtaTkoB OYHKUMN malloc, calloc U free B C++ Oblnn
BBeOEeHbl onepaumn new U delete.



Onepaunsa new BO3BpaLLAET mMurnu3upoeaHHbIU yKkasaTtesb, a Nocrie BblaeneHus
NamMsTU Bbl3bIBAETCHA KOHCTPYKTOP, KOTOPbIM MHULUNANM3NPYET NnamsaTb. Ecrnn
NamMsaTb HE MOXET ObITb BblaeneHa, BO3HMKAET UCKIIOUYUTESTbHAs cUTyauuns

bad alloc, T.e. NpOBepPATH BO3BpaLlaemMoe 3HayeHne Ha 0 HeT HeoBxoaMMOCTM.

Honyckatotcs cnegytoLine dopmbl AN onepaumm new:

. new TUN
. new TIN ()

. new TWUN [BblpaXeHue ]

. new TWUMN [BblIpaxeHue] ()

. new TUM (CMUCOK_BbIPaXeHUN)

3-9 n 4-9 popma mncnosnb3yeTcs Ans co3gaHust MaccmBa OObLEKTOB, OCTalnbHble —
Onga co3gaHnsa OgMHOYHbIX 00bekToB. Pasnnune mexay 1-n n 2-in, 3-n n 4-u
doopmamn NpoaBnAETCs TONMbKO ANsl CTaHAAPTHLIX TUNOB AaHHbIX N KnaccoB 0e3
KOHCTPYKTOPOB. B 1-M 1 3-M criyyasx COCTosiHMe 0ObEKTOB OCTAETCH
HeonpeaeneHHsIM, Bo 2-M 1 4-M — uHunymanmanpyetca 0. [1na knaccos C
KOHCTPYKTOpPaMn B NepPBbIX YeThbIpex dhopMax Bbi3blBAETCA KOHCTPYKTOP MO
yMOS4YaHuio. 5-9 doopma npeaHasHavyeHa anga nHmyuanusaunm co3gaHHoro
obObeKkTa C NOMOLLLI KOHCTPYKTOpPa C napamMeTpamMu, a ans ctaHaapTHbIX TUNOB
OAaHHbIX MOXXHO YKa3aTb TOJTIbKO OAHO BblpaXeHne, 3Ha4yeHne KoToporo



ncnonb3yeTcs Ans nHMumManusaummn cosgaHHoro obvekta. B BC5.5 4-a dopma He
nogaepXmMBaeTcs.

Onepauns delete ocBObOXOAET NAaMATb, NPeABAPUTESNTBHO Bbi3BaB AECTPYKTOP
onga obbekToB. CyllecTBYOT ABEe PpOpPMbI onepaunmn delete:

. delete YyKa3aTerlb
- delete[] YyKa3aTenb

1-9 bopma ncnosnb3yeTca ans YHUUTOXEHUS OONHOYHOIO 00beKTa, 2-9 doopma —
MaccmBa OOBLEKTOB.

[Tpmepbl:

int *p;

p=new int (10) ;
delete p;
p=new int[10];

delete[] p;



Henb3a cmelwumBaTtb PopMbl new U delete. Henb3d BblAeNATb NAMATb C
NOMOLLbIO PYHKUMM malloc U calloc, a ocBOBOXAATb C MOMOLBIO delete, UMK
BbIAENATb C MOMOLLbIO new, @ 0CBOOOXAAaTb C NOMOLLbI free gaxe Ans

CTaHOAPTHbIX TUMOB AaHHbIX, HE TPEDYIOLLMX Bbl30Ba KOHCTPYKTOPOB U
OEeCTPYKTOPOB, Tak KaK 3aTh onepaunm MoryT COXpaHATb OOMNONTHUTENBHYHO
NHopMaLNIO O BblAENIEHHOW NAaMATU U UCNONb30BaTh APYrylo peanusaumio
Ky4n.



DyHKIUHU

(DyHKLI,I/IFIM, BbINMOJIHAKOLWMM OOMNHAKOBbIE D,GVICTBI/IFI C AaHHbIMU Pa3JIN4HbIX TUIMOB,
B C++ MOXHO AaTb OANMHAKOBbIE MMEHA. KOMI'II/IJ'IFITOp CMOXeET orpegeinntb, Kakyro
dyHKUMIO N3 Habopa BbI3BaTb, MO TUMY apryMeEHTOB.

void print (int x)

{ printf ("%d", x);

}

void print (char x)

{ printf ("%c",x);

}

int main ()

UToOblI Ha aTane KOMMOHOBKWU NMporpamMmmMbl MOXXHO ObIfl0 YCTaHOBUTL COOTBETCTBUE
MeXxay PYHKUUSAMN U NX Bbi3oBaMU B UMS PYHKLUNK Ha A3bike C++ BKNHOYaloTCSA
TUNbl ee napamMeTpoB. Ons pyHKUUn Ha A3bike C TUNblI NapaMeTPoB HE BaXHbl,
NoaToMy nepen obbaABeHneEM PYHKUMN U3 BMbnMoTek Ha A3bike C HYXXHO



Hanucatb extern "C".

OB6bI4YHO OOWH U TOT e 3aroNOBOYHLIN ddann Ucnosnb3yeTcsa ana nporpamm Ha C un
C++, No3TOMY B HEro 40DaBMNSET Crieaytowme CTPOKU:

#ifdef  cplusplus

extern "C" {

fendif

// oObaBjeHud OOYHKUMUIM Ha C

#ifdef  cplusplus

}

fendif

BmecTo onpegeneHusa Habopa yHKUNN, OTNUYAOWMXCA TONbKO KONMMYECTBOM
napamMeTpoB, MOXHO YKa3saTb Nnpun ob6bsBNeHnn PyHKLMK B 3aronoBOYHOM (hanne
3Ha4YeHUs NO YMOSTYaHUIO ONS HEKOTOPbIX NapaMeTpoB. OTU NapaMeTpbl AOSTKHbI
ObITb NOCNeaHMMK B crimcke. Ecnn npu Bbi3oBe NapamMeTp NPOonyLeH, TO AOSTKHbI
ObITb MNPONYyLLEHLI N BCE NapaMeTpbl 3a HUM. B KadecTBe 3Ha4YeHMI MO YMOSTYaHUIO
MOXHO UCMOSb30BaTb KOHCTaHTbI U rnobaribHble NEPEMEHHBIE.

void fun(int a, int n=100, double eps=le-9);

£(1,200,1e-0);



£(1,200); // £(1,200,1e-9);
£(1); // £(1,100,1e-9);

IIpocTpancTBa UMeH

PasHble pa3paboTyumkn 6ubnmoTek Moryt onpeaenutb rnobanbHble 00bEKThI C
OANHAKOBbIMU MMEHaMN UM OYHKLUM C OONHAKOBbIMU UMEHAMN U NapamMeTpamMu.
UToObI n3bexaTb KOHMIMKTa UMEH NPU UCMONb30BaHNN 3TUX BUBNMOTEK B OOQHOM
nporpamme, B C++ nosiBunacb BO3MOXHOCTb pasgeneHust rnodanbHoro
NpoCcTpaHCcTBa UMeH. Kaxabin pa3paboTyunk JOMKEH OnNpeaennTb CBOE
NPOCTPAHCTBO UMEH:

namespace UMA {

o0BbABNEHUA U onpeaeneHus
}
OnucaHus, OTHOCAWMNECAH K O.gHOMY NMPOCTPaHCTBY UMEH, MOT'YT ObITb pa3aernenol
Ha HECKOJ1bKO Mo,u,yne|7|. MOo>XHO ornpenendaTb BJ1IOKEeHHbIe NMPOCTPaHCTBaAa UMEH.



Obpawatbea K o6bekTaMm U PYHKUNSIM N3 TOro e NPOCTPaHCTBa MMEH MOXHO
Hanpamyto. Npn ncnonb3oBaHMN 3TUX OOBLEKTOB N (PYHKLMN BHE 3TOrO
NPOCTPaHCTBA, HY>KHO N0 obpallaTbCsa yKasbiBasi UX MOMHOE NMS:
UMS_NPOCTPAHCTBA_UMEH : : UMA_PYHKLUMM (apryMeHTbl) , Tnbo caenartb ux
OOCTYIMHbIMKU AN MPAMOro NCNonb3oBaHUA C NOMOLLLIO oreparopa

using WMMSA_MNPOCTPAHCTBA_UMEH : : UMA_PYHKLUN ;

nnn

using namespace UMSA_NPOCTPAHCTBA_UMEH;

[lo YMOJ14HaHUKO BCE rnobanbHble 00bLEKThI U dDyHKLlMVI onpenenAarTCcd B
HEMMEHOBAHHOM MpPoOCTpaHCcTBEe MMeH. MoXxHO obpaluaTbeca K rnobanbHOMY
00beKTy cneayowmmMm obpasom:
int x=1;
int main ()
{ 1nt x=2;
cout << x << "\n"; // 2
cout << ::x << "\n"; // 1
}

Bce 00bekTbl U yHKUMK cTaHaapTHoU bubnuotekn C++ STL onpeneneHsl B



npocTpaHcTBe MMeH std. [MoaTomy HeobxoaMMo B nNporpaMme ykasbiBaTb
onepartop using:

#include <iostream>

using namespace std;

int main ()

{ cout<<"Hello, world!\n";

}

CyLlecTBYIOT TaKKe BapuaHTbl 3arofioBOYHbIX hannos Ansa ctaHgapTHOM
BMbNMoTEKN, B KOTOPLIX BCE (PYHKLMN OOBSBMNEHBI B MPOCTPAHCTBE UMEH std.
Hanpumep, <cstdio> cogepXuTt obbsaBneHna n3 <stdio.h> (ans nonyyeHus

nmeHun C++ Bepcuun n3 numeHu dpamna saronioBovHoro goavna C HyxxHo ybpaTtb ".h"
n nobasntb dykey "c").



Onepaunuu npeodpazoBaHus

Henb3a npeobpasoBatb void * K ykasaTtento nodoro tuna 6e3 siBHOro BbI3oBa
onepaunn npeobpasoBaHus.

int *pl=(int *)calloc (100, sizeof (int)); // crapas dbopwMma

int *p2=reinterpret cast<int *>(calloc(100,sizeof(int))); //
HOBad GopmMma B

Onepauuto NpeodbpasoBaHna (TUM) BblIPaXXeHUe MOXXHO 3anuncbiBaTb B popme
TUN (BblpaXeHue) , ecriin UMS TMna COCTOUT U3 OQHON NIEKCEMBI.

JTtoboe npeobpasoBaHue SABNSETCA UCTOYHMKOM NOTEHLUMASbHbIX OLLMOOK,
noatomy B C++ 661N BBEAEHbI YEThIPE cneumann3mMpoBaHHbIX ornepauum
npeobpasoBaHus. [pr Ncnonb3oBaHUM 3TUX onepaunn KOMMUIATOP CMOXET
BbINOMHNUTL MPOBEPKY HA AONYCTUMOCTb NpeobpasoBaHns Ha 3Tane KOMMNUNALNK
NN MPU BbINOMHEHUN. BbI30BbI 3TUX onepaunn nerdye HaxoamTb B TEKCTE
nporpaMmmsl, 4eM BbI30BbI B (hopme, yHacrnegosaHHom oT C, 4To ynpoLwiaeT
MoaMdUKaLUo NporpaMmmsil.



const cast<TUn> (BblpaXXeHue)

Cnyxut gna gobaBneHnsa Unu yganeHus mogudukaropa const WM volatile
(AHTOHMM register). Tak Kak gobaBreHme const He TpebyeT ABHOIoO BbI30Ba
ornepauun npeobpasoBaHnd, TO BbI3blBaTb 3Ty ornepaunio HeobxXoanMOo TOSTbKO
ON4a yganeHus const.

dynamic cast<Tun> (BblpaXeHue)

Cnyxnt ans npeobpasoBaHMs yKkasaTesrisa Uinm CCbiflkKM Ha 0OBbEKT OHOrO Kracca B
yKasaTerb UK CCbIfNIKy COOTBETCTBEHHO Ha OOBLEKT APYroro Kracca B npeaenax
oaHoW nepapxmmn knaccoB. Oba knacca OoMKHbl UMETb XOTH Obl OAMH
BUPTYyarnbHbIN METOA, HAaNpUMep, AeCTpyKTop. Ecnu npeobpasoBaHme
HeonycTuMo, TO B criydae npeobpasoBaHus ykasaTenemn onepaumsa Bo3BpallaeT
HyneBoW yKa3aTenb, a B Clly4ae CCbIITOK — UCKIoYeHne bad cast. [Ang
noBbILLaoLWero npeobpasoBaHus (K ykasaTento Unm ceoifnike Ha 00beKT 6a30BOrro
Krlacca) 9BHOro Bbi30Ba onepauum npeobpasoBaHus He TpebyeTcs, NO3TOMY 3Ta
onepaunst UCrosib3yeTcs Ans NOHWXKarLero (K ykasaTtesito UIN CChifnike Ha OObEeKT
NPOW3BOAHOrO Knacca) unu nepekpeCTHOro npeobpasoBaHus.



static cast<TUN> (BblpaXeHune)

CnyuT onsa Bbl3oBa NpeobpasoBaHuim Ans CTaHOAPTHLIX TUMOB AaHHbIX
(Hanpumep, BELLLECTBEHHOE B Liernioe n obpaTtHO) n npeobpasoBaHui,
ornpenesieHHbIX NporpaMmMmncToM. Takke MOXHO MCMOoSb30BaTh 4151 NOBbILLAKLLMX
N MOHWXaKLWMX NpeobpasoBaHU B npeaenax ogHou nepapxmmn knaccos 6e3
rpoeepkKu, Npn 3TOM He TpebyeTca Hannyne BUpPTyarbHbIX METOOOB.

reinterpret cast<TUN> (BblpPaXeHune)

Cnyxunt anst npeodbpasoBaHMN He CBA3AHHbIX Mexay cobon TMNoB, HanNnpuMep,
yKasaTenb B Lenoe n obpaTtHo, ykasartenb void * K fiiobomy ykasarento. [pu
nepeHoce NporpaMmmbl Ha KOMMbIOTEP C NPOLECCOPOM APYron apXnTEKTYpPbI UIn
paspsiAHOCTBLIO BCE onepaumn npeodbpasoBaHns 3TOro Buaa AOMKHbI TwaTenbHO
NPOBEPATHLCS.



JApyrue usMmeHeHus

[MosiBunca Tnn bool K pe3epBMpoOBaHHbIE croBa true U false. Jlloboe
HeHyrneBoe 3HadYeHune npeobpasyeTca B true, a Hyneesoe — B false.

O6beKTbl MOXXHO 0OBbABMATL B NOHGON TOUKE NMporpaMmmel, B TOM YAUCIE B
NHUUMaNuU3npyoLwen Yyactm unkna for v B ycnosum if n while. MOXHO
NHUUManNM3npoBaTb 0OBLEKTHI MIOObLIM BblpaXXeHUEM, HE TOSTbKO KOHCTaHTHbIM, B
TOM 4MCNE N CTaTUYECKNE OOBEKTHI.

Onepauun typeid B Ka4YeCTBE apryMeHTa MOXXHO yKa3aTtb Nt060e BblpaXXeHune
nnn Tmn (Kak onepaumn sizeof). Onepauuns BosspawiaeT MHoOpMaLmo O TMNe
Bblpa)eHus B BUAe obbekTa knacca type info. Ecnu onpegenutb Tun
BblpaXX€HNA HEBO3MOXHO, onepauns nopoxaaeT UcknveHne bad typeid.
MeToa name () knacca type info Bo3BpallaeT CTPOKY char * C UMEHeM Tuna,
a onepaumn == 1 ! = NO3BONMAIOT CPABHUTL ABa TUNa.

[MpumeyaHue: HekoTopble U3 ykasdaHHbIX BO3MOXHOCTEN C++ OblNn BBEAEHLI B
HoBbIW cTaHaapT A3blka C 1999 roga. lNonHon nogaepxku ctaHgapta C99 noka
HET HM B O4HOM M3 pacnpoCTPaHEHHbIX KOMMUITATOPOB.



2. Kiaaccenl

OcHOBHBIE onpeaeIeHus

[lporpamma C TOYKU 3peHund OQrl SBNSAETCA COBOKYMHOCTbIO
B3aMMOOENCTBYIOLLMX Mexay cobon obbekToB. OOBEKT npeacraBnsier cobou
KOHKPETHbIN Ono3HaBaeMbl MPeaMET, €ANHULY UMK CYLLHOCTb (pearibHy WUnu
abCTPaKTHYI0), UMEIOLLYIO YETKO onpeaerieHHoe (PyHKUNOHaNbHOE Ha3HadeHune B
OaHHOW NpeagMeTHon obnacTu.

Kaxkabln o0O6bekT obrnagaer CcOCTOAHMEM, NOBeAEHUWEM U WUAEHTUYHOCTbIO U
SIBNSIETCA 3K3EMMNSAPOM HEKOTOpOoro knacca. Knacc — aTo MHOXECTBO OOBbEKTOB,
NMEIOLLINX CXOXYIO CTPYKTYPY 1 NoBeOEHME.

Knacc aiBngaetca abcTpakTHbIM TUNOM AaHHbIX, onpeaensieMbiM Nonb3oBaTesiem, 1
npeacraBnsaeT cobon onncaHme pearnbHOro obbekTa B BUAe AaHHbIX U onepauunm
ans paboTbl C HUMWN.

[laHHbIe-3neMeHTblI Knacca HasbiBalOTCs MNOSIAMM, B HUX XPaHUTCA TeKyllee
coctosiHne obbekta. Onepaumm MoOryT OblTb peanu3oBaHbl Kak MeToAbl
(PYHKUMN-ONIEMEHTbI) UMM 0DblYHbIE  PyHKUMK. Onepauum  MoOryt  6bITb
cneayroLmnx BMOoB:



* KOHCMPYKMOP CRYXUT ANga nHnumanmnsaunm oobekTa;

« 0ecmpykmop Heobxoanm Anst ocBOOOXKOEHNS NCMOMNb3YyEMbIX OOBLEKTOM
PECYPCOB;

* cesieKmop NO3BOMNSIET CYNTATb COCTOSIHNE ODBbEKTA, HE U3MEHSSI ErO;

* MOOUUKamop UCnosb3yeTcst ANs N3BMEHEHUSA COCTOAHUA OOBEKTA;

* umepamop NO3BONAET NONYy4YMUTb AOCTYM K YacTAM 0ObekTa B HEKOTOPOM
nopsake.

Onpenesenue kiaacca. Cnenupuraropbl 10CTyNA

CuHmakcuc:

class UMAKNaAcca
arnemMeHTbl Knacca

b

Unun

struct MMA_KNaAcca

aNleMeHTbl Kfnacca
Y



C nomoLlbo cneumdmkaTopoB 4OCTyNa MOXHO ynpasfaTe BUAUMOCTbLIO

aremMeHToB Knacca. Crnieyndukatop private (3aKpbiTbin) 03HAa4YaeT BUOANMOCTb
9NeMEHTOB TONbLKO ANsl METOAO0B U Apy3en knacca. Cneundmkatop protected
(3alULLEHHBIN) O3HAYaEeT BUOANMOCTb AfIEMEHTOB TOMNbLKO AS1I9 METOA0B U ApPY3en

Kracca v ero HacrnegHuMKoB (HacneaHuKU MoryT BUAETb 9TU ANIEMEHTbI TOSTbKO B
obbekTax cobcTBeHHOro Tuna). Cneumdukatop public (OTKPbITLIN) O3HAYaET

BUOMMOCTb 3f1IEMEHTOB 13 Ntboro koaa. lencreune nodoro cneymdmkaropa
pacnpocTpaHsieTcs A0 crneayowero cneumgukaropa unn 4o KoHua obbaBneHuns
knacca. 'lo ymonuaHuio anst anemMeHToB Kracca, 06bsiBNEHHOro ¢ NOMOLLbHO
struct, ycTaHOBMNEH AOCTYN public, a Ang Knacca, o0bsBNEHHOIo C MOMOLLLIO

class,—private.

PeKOMeH,EI,yeTCH BCe Nongd B class genartb 3aKpbliTbiMX UNN 3alLULLEHHBIMUA
ArneMeHTaMn, a B struct — OTKPbITbIMU.



lMpumep obbsi8reHUs Knacca:

const int Stack size=100; // pasmep cTeka
class Stack {
int s[Stack size]; // nosia B 3aKPHTOM pasIelie
int t;
public:
void clear(); // MeToms B OTKPEITOM
bool isEmpty ()
bool isFull () ;
void pop () ;
int top ()
void push (int) ;
I



OnpenesieHue U BbI30B METOA0B. YKa3areJb this

Ob6basneHune kracca obbl4YHO NMOMELLAETCS B 3arorioBo4HOM panne (.h), a camu
MEeTOoAbl onpeaensTcsa B panne peanusaunm (.cpp). OnpeaeneHnsa NpocTbIX
METO0B MOXHO NOMECTUTb B 00bABNEHNE Knacca, B 3TOM Crlydyae oHu OyayT
cumTaTbCd onpeneneHHsIMn co crieyudukaropom inline. lNpu onpeneneHnn
METOLO0B BHE UHTepdhenca knacca HenocpeacTBeHHO nepen nMeHeM MeTtoaa
HeobXo4AnMO yKasaTb UMS Knacca u CUMBOSbI : :

[pumep obbserieHUs Knacca:.

const int Stack size=100; // pasmMep cTeka
class Stack {
int s[Stack size];
int t;
public:
void clear () { t=-1; } // BCTpauBaeMble MeTOIE
bool isEmpty () { return t==-1; }
bool i1sFull() { return t==Stack size-1; }
void pop () ;
int top ()
void push (int) ;



i
class StackEmpty {}; // xnacce nng mMHOOPMHMPOBAHUA 00 ommbkax
class StackFull {};

Pearnuszauusi memodos Kracca:

void Stack: :pop ()
{ 1f(!isEmpty())
__t;
}
int Stack::top()
{ 1f(1sEmpty())
throw StackEmpty(); // coobmaem o6 oummbke
return s[t];
}
void Stack::push (int v)
{ 1£(isFull())
throw StackFull(); // coobmaem 06 omubke
s[++t]=v;



I'IpM Bbl30OBE METOOa CHa4alla yKa3biBalOT NMH obbekTa, 3aTeM Nocne TOYKU
YKa3blBalOT UMA MeTOAa U CMNMNCOK apryMmeHToB B ckobkax. I'Ip|/| NCMNMOoJ1ib30BaHUN
yKa3aTesid Ha 0OBbEKT, BMECTO TOYKU NCNOJb3yrOT onepaunto —>

[Mpumep 8bi308a MeEMOOOS:
int main ()

{
Stack s1;
sl.clear();
sl.push (10);
cout<<sl.top ()<<"\n";
sl.pop():;

Stack *s2;

s2=new Stack;
s2->clear () ;
s2->push (10) ;
cout<<s2->top () <<"\n";
s2->pop () ;



Anpec 00bekTa, K KOTOPOMY NPUMEPSETCHA METOA, NepenaeTcs C NOMOLLbHO
CKPbITOro napameTtpa 1 AOCTYNeH BHYTPM MeToaa nof umeHem this. C noMoLbio
yKasaTtens this MOXHO Takke 06paTUTLCA K MOS0 NPW CoOBNageHnn MMeHu nons

N UMEHN nNapameTpa Mmetoda. [Jpyrom BapnaHT peLlleHnst aTon npobrnembl —
HanucaTtb UMS Krnacca U : : nepeg MMeHeMm nons.
struct time {
int h,m;
void set (int h, int m)
{
this->h=h;
time: :m=m;

Y



KoncTpykrop

OnpederneHue: KOHCTPYKTOP — 3TO crieyuarbHbli METOA, UMSI KOTOPOro coBnagaet
C UMeHeM Kriacca. KOHCTPYKTOp He MMEeET BO3BpaLLaeEMOro 3Ha4eHund, gaxe
void. KOHCTPYKTOp HE MOXET ObiTb OOBbABIIEH KaK const, static UNKU virtual.

Knacc MOXeT MUMETb HECKONbKO KOHCTPYKTOPOB C Pa3HbIMU CUTHaATypaMu.
CuHmakcuc: nmsai_Knacca (tTun_napametpal, tun_napamertpaz, ...) ;
3adaya: NHnumanusmpoBaTb BCe Mosis.

Ha3HayeHue: Bbi3bIBaeTCA KOMNUNSATOPOM aBTOMaTUYECKU NPU cO3AaHnmn
OOBbEKTOB:

* N8 NTOKarbHbIX 0ObEKTOB — NP BbIMOMTHEHMN onepaTopa, B KOTOPOM OHU
OOBABMEHDI;

. 0N rnobarnbHbIX CTaTUYECKUX OOBEKTOB — Nepes BbiI30OBOM (PYHKLMN main
(MopsaoK BbI30OBOB He onpeneneH), Arns COOCTBEHHbIX CTaTUYECKUX 3HAYEHNN
dOYHKUNM — NpY NePBOM BbINONMHEHNUN 3TON (PYHKLUUN;

. ANsa 06BbEKTOB, CO30aBaEMbIX B AMHAMWUYECKON NAaMATUN — MPU BbIMONTHEHNU
onepauunu new.



3amevyaHus:.

* [lepen BbINOSTHEHNEM TemNa KOHCTPYKTOPA, KOMNUNSATOPOM aBTOMaTUYECKN
BbI3bIBAOTCSA KOHCTPYKTOPbI ANsi 6a30BbIX KIaccoB, 3aTEM KOHCTPYKTOPbI OS5
nosfien B nopsaake, ykazaHHOM npu obbsABNEHUM Knacca.

. MOXHO yKkasaTb aprymMeHTbl 4551 Bbl30Ba KOHCTPYKTOPOB 6a30BbIX KIaccoB U
Nosien, NCnonb3ysd CNUCOK MHULUManNuU3aunm, KOTopbin 3anncebiBaeTcs nocre :
MEXAY 3arofyioBKOM N TENOM KOHCTPYKTOpa. B cnucke nHnumnanusaumm Yepes
3anATYyo NULYTCA MMeHa 6a30BbIX KIaccoB UMK Mornen, B CKobKax
YKa3blBalOTCA apryMeHTbl ANs1 KOHCTPYKTOPOB. [1na 6a30BbIX KI1acCoB U
nofien, He yKasaHHbIX B CMUCKE NHULManNnU3auumn Bbl3biBalOTCA KOHCTPYKTOPbI
Nno ymon4daHuto. basoBble Knaccbl U Nons B CAUCKE MHULUMann3aumnm
PEKOMEHAYETCA NEPEUNCATL B NOpSAAKe, yKa3zaHHOM nNpu o0bsBNEHUN
knacca. MoxHo ykasaTb X B ApPYrom rnopsigke, Ho oLLMBKN UCrosib30BaHUS
HEMHULNANM3UPOBAHHbIX MNOSIEN CTAHYT MEHee 3aMETHLIMU, TaK KaK BbI30Bbl
KOHCTPYKTOPOB BCE paBHO OyayT NponcxoauTb B nopsigke, 3agaHHOM npu
oOBbSABNEHMN KNnacca.

e KOHCTPYKTOP HE MOXET ObITb Bbl3BaH Kak METO/, OH BbI3bIBAETCH TOMbLKO NP
co3gaHun oobekTa:

* BolpaxeHne nmsa_knacca(aprymeHTbl) CO30aeT BPEMEHHbIN OOBLEKT,



YHUYTOXaeMbl Mocre BbiMNOSIHEHUA onepaTopa, B KOTOPOM UCMOSIb3YeTCH 3TO
BblpaXkeHne (CKOOKM obA3aTernbHbl, AaXe eCrnun CriMCOK apryMeHTOB MyCTON).

. BblpaxeHne new UMSA_Knacca(aprymMmeHTbl) co3gaeT OOLEKT B
ONHaAMNYEeCKoM NamMATn (eCrnuy CMCOK apryMeHTOoB MyCTOW, CKOBKM MOXXHO He
nucarb).

» Onepartop oObsABNEHNS UMA_KNAacca MUMSA_00beKTa(apryMmeHTbl); co3gaeT
HOBbIN OOBLEKT B CTAaTUYECKON NaMATU UK Ha CTeKe (eCnu CMCOK apryMeHTOB
MyCTON, CKODKM HE NULLYTCA).

[pumepesit.
class Stack {

int size, t;

int *s;

public:

Stack (int) ;

bool isEmpty () { return t==-1; }

bool isFull () { return t==size-1; }

void pop () ;

int top ()

void push (int);

s



Stack::Stack(int size)

{
Stack::size=size;
s=new int [size];
t=-1;

}

void fun (const Stack &) ;

int main ()

{
Stack s1(100); // cozmaeTcd OBBEKT Ha CTEKe
sl.push (10);

fun (Stack (100)); // cozsmaeTca BPEeMEHHEM OOBEKT U
rnepenaeTcd IO CCBUIKE B QYHKLMIO

Stack *s2;
s2=new Stack(100); // obmexkT col3maeTcs B IMHAMUUECKOM
IaMsaTu

sZ2->push (10) ;



AHanornyHbIM CUHTAKCUC MOXXHO MCMNONb30BaTh ANd co3gaHud 0ObeKkToB
CTaHOAPTHbLIX TUMOB:

int a(100); // BmecTo int a=100;

int *b;

b=new int (100); // BbHIOEJIMTL IMHAMMUECKM [IaMaTb 1IJid int
// ¥ MHMLIMaIM3upoBaTh €& umcyoMm 100

[Mpumep onpeaeneHns KOHCTPYKTOpa CO CMUCKOM MHULManu3aunm
Stack::Stack (int size):

size(size), // wuMa nosasa (BelpaXeHMe) — HET KOJUIM3UM MMEH
s (new int [size]), t(-1)

{}



JecTpykTop

OnpedeneHue: [leCcTpyKTOp — 9TO cneuyuanbHblii MeTod 6e3 napamMeTpoB, NUMS
KOTOPOro COCTOMT U3 CUMBOS1a ~ U UMEHU Knacca. [1eCTpyKTop He UMeET
BO3BpaLlaeMoro 3HavyeHusd, gaxe void. [JeCTpykTop HEe MOXET ObITb 0ObSABNEH
Kak const UK static, HO MOXET ObITb virtual.

CuHmakcuc: ~uMmsa_Knacca () ;

3adaya: OcBoboanTb UCMOSb3yeMble OOBLEKTOM pecypcbl, 0ObIYHO 3TO
OVHaMUYECKN Bblaensemasa namaTb, pexe KaHasrbl BBOAA-BbIBOAA, CBA3AHHbLIE C
dannamu, yctpomcteamm 1 T.n.

HasHayeHue: Bbi3biBaeTCcA KOMMUMNSTOPOM aBTOMaTUYECKM NPU YHUUTOXEHUN
0OOBLEKTOB:

* O5A NOoKaJibHbIX 0O6BbEKTOB — Nnpwn BblXoae 13 brnoka, B KOTOPOM OHWN

OOBbABNEHbDI;
. 0N cTaTU4ECKNX OOBEKTOB — NOCHe 3aBepLUEHNST (PYHKUNM main;

. AN o6beKkToB, CO3AaHHbIX B AMHAMMNYECKON NaMATN — Nnpwn BblNOJTHEHUN
onepauumn delete.



3amevyaHus:.

* [Mocne BbINOMHEHUSA Tena AeCcTPYKTopa, KOMMUNATOPOM aBTOMaTUYECKU
BbI3bIBAIOTCA AECTPYKTOPbI ANS Nnonen, a 3atem 0a3oBbIX KIACCOB B NOPSAKE,
obpaTHOM yKkazaHHOMY Npu 0ObsABNEHUM Knacca.

. Ecnn gecTtpykTop siBHO He onpeaerneH, KOMAUNATOP caM co3faeT AeCTPYKTop
C NYCTbIM TENOM: ~MMsI_Knacca () { }

* B cnyyae ncnonb3oBaHMs KNnaccom AMHaMUYECKOMN NamMaTn Heobxoammo
onpeaensTb OECTPYKTOP CaMOCTOSATENLHO.

. Ecnu knacc bygeT ncnonb3oBaH Kak 0a3oBbIN B Mepapxum Knacc,
pekoMeHayeTca caenaTb ero AeCTPYKToOp BUpTYyanbHbIM. Torga npu
BbIMNOMTHEHMN onepauun delete OyAET BbI3bIBATbCS NMPaBUNbHbIA ECTPYKTOP,
He3aBUCUMO OT TUNa yKasaTtens.

* He pekomeHayeTcsl BbI3bIiBaTb AECTPYKTOP SIBHO, €AMHCTBEHHbLIM

NCKITIOYEHNEM SABMNSIETCS Cny4van NOBTOPHOW MHMUMann3aumm obbekTa
(NpuMep B rneperpyske new)



[pumep:

class Stack {
int size, t;
int *s;

public:
~Stack () ;

}s
Stack: :~Stack ()

{
delete|] s;

}



KoHCTpyKTOP 10 YMOJTYAHUIO

OnpedeneHue: KOHCTPYKTOP NO YMONMYaHUIO — 3TO KOHCTPYKTOP, KOTOPbIN MOXHO
Bbl3BaTb 6€3 aprymeHToB. KOHCTPYKTOP MOXET MMETb NapaMeTpbl, HO BCE OHU
[OOMKHblI UMETb 3HAY€HUs MO YMOMYaHMuIo.

CuHmakceuc:
UMA _Knacca () ;

UMsA_Knacca (Tun_napameTtpal =3Ha4yeHue_No_yMornyaHuio, Tun_napamertpa2
=3Ha4YeHMe_Mo_yMON4YaHuio, ...) ;

3aldaya: Takas e, Kak y noboro KOHCTPYKTopa — MHULManNM3npoBaTb BCE MONs.

Ha3HayeHue: Bbe3 3Toro KOHCTPYyKTOpa HEBO3MOXHO CO3aTbh MaccuB 0ObLEKTOB.



3ameyaHus:

« Ecnun B knacce He onpeaeneH HU OAWUH KOHCTPYKTOP, KOMNUMATOP co3aaeT
caM KOHCTPYKTOpP MO YMOf4YaHuto. B 9ToM aBTOMaTmM4eckn co3gaHHOM
KOHCTPYKTOPE BbI3bIBAOTCA KOHCTPYKTOPbLI MO YMOSTYaHUIO AN BCeX 6a30BbIX
KNnaccoB U Nonen.

» Ecnn y kakoro-to nonsi nnm 6asoBoro Knacca HET KOHCTPYKTopa no
YMOM4YaHMI0, KOMAUAATOP NPU NOMbITKE CAaMOCTOATENBLHO CO3AaTb
KOHCTPYKTOP MO yMOn4aHuio Bblgact coobLleHne ob owmnbke.



[pumepesrt.
class String {
int len;
char * str;
public:
String (const char *s=""); // KOHCTPYKTOP IO YMOJIYaHMUIO

}i
String::String(const char *s):len(strlen(s)),str (new
char[len+1])
{

strcpy (str, s);
}

int main ()

{

String a; // cosmaHue CTPOKM, MCIOJb3yHd KOHCTPYKTOP IIO

YMOJIYa HUIO
String b[100]; // co3maHMe MaccCuBa CTPOK
String c(); // »To He omnpenesieHre oObeKTa, a OObLABJIEHUE

byHKUMM Oes napameTrponr!!!

}



KoHncTpykTOp KONIMM

OnpederneHue: KOHCTPYKTOP KOMUN — 3TO KOHCTPYKTOP, Y KOTOPOro oanH
aprymMeHT — CCblfiIka Ha KOHCTaHTHbIN OOBLEKT onpeaensaemMoro Knacca.

CuHmakcuc: nMsi_Knacca (const MMSA_KNaccas) ;

3adaua: CosgaHue ToYHOM Konum obbeKTa, NnepegaHHoro B Ka4ecTBe apryMmeHTa.

Ha3HayeHue: KOHCTPYKTOP BbI3bIBAETCS KOMMNMUNSATOPOM NMpu nepedaye
aprymeHToB B PYHKLIMIO MO 3HAYEHWNIO UMM BO3BPAaTE 3HAYEHUsI ONPeaensieMoro
knacca u3 yHKUnK. MoXXHO Takke MCNonb3oBaTh SIBHO NMPU cO30aHUN HOBOIO
o0ObekTa, MMEIOLLIEr0 COCTOSIHNE OAMHAKOBOE C APYrMM OObEKTOM.



3ameyaHus:

e ECnn KOHCTPYKTOP KOMUW He onpeaendeTcs nporpaMmmMmmcToM, KOMAUNATOP
co3gaet ero cam. B aTom aBTOMaTU4eckn co3gaHHOM KOHCTPYKTOpE
BbI3bIBAOTCSA KOHCTPYKTOPbI KON AN BCceX Da30BbIX KNAacCcoB U MNOSEN.

* B bonblUMHCTBE cny4YaeB HET HEOOXOAMMOCTU onpeaensiTb KOHCTPYKTOP
KON CaMOCTOSATENbHO.

« Ho ecnu knacc cogepXuT ykasaTenu Ha AMHaMUYEeCKU BblAENSaeMyo namsTh,
TO NPW CO34aHUM KONMUM NPON3oOKAET AYyONMpoBaHME NOEHTUYHOCTU 3TUX
3Ha4YeHnn. B pesynsTaTte nameHeHne ogHoro ob6bekTa NpmMBeaéT K UBMEHEHUIO
apyroro oobekTa. NoaTomy B criyyae Ucnornb30oBaHUs ykasaTenemn
HeobXxoaAnMo onpeaensaTb KOHCTPYKTOP KOMUIA CaMOCTOATENBHO.

« Ecnu co3pgaHne konun He TpebyeTtcs, peKoMeHayeTcst 00bsABUTL KOHCTPYKTOP
KON B pasaene private, He onpeaenss ero peanusauuio.



[pumepesrt.
class Stack {
int size, t;
int *s;
public:
Stack (const Stack &); // KOHCTPYKTOP KONUM

b
Stack::Stack (const Stack &a):

size(a.size),t(a.t), s (new double[size])
{
for (int 1=0; i<=t; ++1)
s[il=a.s[1];
}
Stack reverse (Stack x)

// mapamMeTp X OYHKILMM reverse IeperaeTcs 10 3HAUESHU
{ Stack z(100);

while (!x.1isEmpty())

{ z.push(x.top());
X.pop () ;

}



return z; // npmu BO3BpaTe cHauajla BHESBLHBACTCH KOHCTPYKTOP KOIMIUIM,
// YuTOoOB CO3HAaTh KOMIMIO Z, a BaTeM IeCTPYKTOp IJd Z

}

int main ()

{
Stack a(100);

Stack b(a); // b - sT0 KOIHMA a

a=reverse (b) ;
// mepen BeI3OBOM fun OymeT BE3BAH KOHCTPYKTOP KOMNUM CO3IaHMI KONUM b
// Takxe KOMIMUJISTOP BHIOEJIUT NaMATh IJIS BO3pPallaeMOoTO 3HAUEHUMd
// OJIa MHULMAaIM3aUMM 3TOV NaMaTy Npu 3aBepumeHun fun Oyner
// BEI3BAH KOHCTPYKTOP KOIMUMA



KoncTpykTop-npeodpasoBareiib

OnpedeneHue: KoHCTpyKTOp-npeobpasoBaTernb — 3TO KOHCTPYKTOP, KOTOPbLIN
MO>XHO BbI3BaTb C O4HUM apryMmeHTOM. KOHCTPYKTOp MOXET MMEeTb bonee ogHoro
napamMeTpa, HO BCE OHU OOIMKHbl UMETb 3HAYEHUS NO YMOYaHMIO.

CuHmakceuc:
UMS_Knacca (Apyrov_tun) ;

UMSA_KNacca (const ApPYyroun_tuns) ;

3adaya:. |/|HI/ILI,I/IaJ'IV|3I/IpOBaTb BCE Mnon4d, ncnosjib3ysq anAd yCraHOBKU Ha4alibHOIoO
COCTOAHNA 3Ha4YEHME OPYroro Tunna.

HasHaueHue: Vcnonb3yetcsa ana npeobpasoBaHus B onpeaendemMbin TUn
3HayeHua gpyroro Tuna. KoMnunatop MOXeT Bbi3blBaTb €ro CaMOCTOATENLHO,
ecrnn apryMmeHT oyHKUUM unu onepauum MMeeT TMN APYron_Tun, a napameTp —
TMN UMSA_Knacca.



3ameyaHus:

. Ecnn KOHCTPYKTOP C OAHUM aprymeHToOM He AOMKeH UCMorb30BaThCs Kak
KOHCTPYKTOp-NpeobpasoBaTenb, Nepe HAM HYXXHO HanucaTtb explicit

(ABHbIN).

[lpumepesit.
class String {
public:
String (const char *s=""); // kKOHCTPYKTOp-npeobpa30BaTeb

Y

void fun(const String &s);
int main ()
{
String a("ABC"); // coszmaHMe CTPOKM
char s[]="ABCDE";
fun(s) ;
// mnepen BHZ30BOM (QYHKLMM OyIOeT BH3BAH KOHCTPYKTOP-INpeoBpasoBaTelb,
// BPeMeHHHM OOBeKT OyHmeT YyHMUTOXEH II0CJIe BHIIOJIHEHMSA olepaTOpa

a=String(s); // ABHBIM BHE30OB KOHCTPYKTOPAa



a=(String)s; // ycrapeBmas dopma omnepauum npeodpasoBaHUA
a=static cast<String>(s); // noBas dopwma

}

class Stack {
public:
explicit Stack(int); // kKOHCTPYKTOpP, HO He mpeobpasoBaATEJIb

Y

void fun (Stack x);
int main ()

{
Stack a(100);

fun (100); // ommbka, HeT npeobpaszopaTesd int -> Stack

fun (Stack (100)); // OK

a=Stack (100); // OK, g9BHHIM BBBOB KOHCTPYKTOPA
a=(Stack)100; // oumbka, HeT mnpeobpasoBaTeid
a=static_cast<Stack>(100); // ommbBka, HeT npeobpas3oBaTesd



ChnenuajgbHbIe 3JIEMEHTHI Kjacca

[Mons, 3Ha4eHNs KOTOPbIX HE MEHSIITCS Ha NPOTSKEHUN BCErO BPEMEHM
CyLLIeCTBOBaHMs 00bekTa, peKOMEeHAYETCS OnnchbIBaTb CO crneLmdruKkaTopom
const. MIHMUManmManpoBaTb Takue Mons HYy>KHO B CIMCKE MHULnanmM3aumnm

KOHCTPYKTOpA.

MeToabl, He U3MEHSIIOLLIME COCTOSIHUS OObekTa (CenekTopbl), peKoMeHayeTcs
ONUCbIBaTb Kak KOHCTaHTHble. CneundukaTop const yKa3blBaeTCH B 3arofioBke

METO/a Nocrie cnucka napamMeTpoB. TONbKO KOHCTAHTHbIE METOAbl MOXHO
MPUMEHATb K KOHCTaHTHbIM 00bekTaM. HanpoTmB, K HEKOHCTAHTHbIM OObEKTaM
MOYXHO NPUMEHSATb Kak 0OblYHbIE METOAbI, TAK U KOHCTAHTHble. MOXHO
onpeaennuTb 04HOBPEMEHHO KOHCTAHTHbIN N OObIYHbLIN METOAbI C O4MHAKOBbLIM
CMMCKOM NnapameTpoB, Toraa Ansd KOHCTaHTHbIX 0ObEKTOB OyAeT BbI3blIBATHCH
KOHCTaHTHbIAN MeToa, AN HEKOHCTAHTHbIX — OObIYHbLIN.

class Vector {
const int size;
double *const data;
public:



Vector (int size) :size(size),data (new double[size])

~Vector () { delete []data; }
Vector (const Vector &):
int length() const { return size; }
double get (int i) const;
double &get (int 1),

I

Vector: :Vector (const Vector &v):
size(v.size),data (new double[size])

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

datal[i]=v.datal[i1];

}

class BadIndex {};

double Vector::get(int 1) const

{ 1£(1<0 || i>=size) throw BadIndex () ;

return datal[i];

}
double & Vector::get (int 1i)

{ 1£(1<0 || i>=size) throw BadIndex () ;
return datal[i];

}

{}



[Mons, onucaHHbIe C NOMOLLLbIO cneundukaTopa static, ABNATCS ob6WmMMn Ons
BCeXx 0O0beKTOB Krnacca. PakTnyeckun ato rnobarnbHble NepeMeHHbIE, BUAUMOCTbIO
KOTOPbIX MOXXHO YNpaBnATb C MNOMOLLbIO cneuudumkaTtopos goctyna. B gpanne
peanusauum HeobXoaAnUMO pasMeCTUTb MNosie B CTaTUYECKOW NaMsaTU U yKa3aTb e€
HayasribHoe 3HadeHue. [lamaTtb, 3aHMMaemast ctTaTU4eCKUM Mosiem, He
YUYUTbIBAETCA Npu onpeaeneHnm pasmepa oobekT ¢ NOMOLLLIO onepauun sizeof.

CTaTtndeckmue mMeToabl MOryT obpallatbCs TONbKO K CTaTUYECKUM NOMSAM U
Bbl3blBaTb Apyrne cratmdeckme MetTodbl. ATUM MeTOA4aM He nepenaeTcsd
yKasaTtenb this. BbidbiBaTb 3T MeTOAbl MOXHO NMMO0 00ObIYHBIM 0b6pasom, NMbo

Yyepes NM4 Kriacca n : :



// oOb4aBIIEHUE
class One { // xjmacc, pomyckamommii CO3IaHME TOJIEKO OIHOTO SK3eMIIApa

int a;
static One *o0; // ykaszsaTesb Ha E€OUHCTBEHHHM 3K3EMIJIAP

One (int x):a(x) {} // orpaHMUMBaAEeM IOOCTYI K KOHCTPYKTOPY

One (const One¢&); // 3anpemaeMm co3maHMe KOIUM
One& operator=(const One&); // w onepauun NPVMCBAMBAHUS
public:
static One *instance(); // nojyuyeHmMe >3K3eMIJdgpa Kjacca
~One () { o=NULL; } // paspemaeM yHUUTOXEHUE
int get () { return a; } // npoume MeTOIH
b
// peanuzaunus
One * One::0=NULL;
One * One::instance ()
{ if (0==NULL) //ecnam HeT sK3eMILIdapa
o=new One (10); // cosmaTe ero

return o;

}

// MCIOJIb30BaHUE
int main ()



cout<<One: :instance () ->get () <<"\n";
delete One::instance () ;

}

[1pn ncnosnb3o0BaHUN OQHOBPEMEHHO CreUMdPUKaTopoB const U static
nonyyaetcd aHanor rnobanbHONM KOHCTaHTbl, BUAMMOCTBIO KOTOPOU MOXHO
ynpaensaTb. 3Ha4eHMe TaKkom KOHCTaHTbl HY>XHO HENOCPEACTBEHHO YKa3blBaTb Mpu
obbABNEeHUN.
class Stack {

static const int size=100;

int s([size];

int t;
public:
void clear () { t=-1; }
bool isEmpty () const { return t==-1; }
bool isFull() const { return t==size-1; }

void pop (),
int top() const;
void push (int);

I



JApy3bst Kji1acca

BbI30B MeTO4a NOX0X HA BbI3OB OObLIYHOW (PYHKLMK, 3@ UCKITKOYEHNEM TOrO, YTO
OOBEKT, K KOTOPOMY MPUMEHSIETCS METO, NepeaaeTcs Kak CKPbITbI apryMeHT.
[Tony4yeHne OnNuHbI CTPOKU MOXHO peann3oBaTtb Kak MeToA;
class String {

int len;

char * str;
public:

int length() const { return len; }

Y

int main ()
{ String s;

cout<<s.length ()<<"\n";
}

N UCMNONb30BaTb 00bIYHYIO YHKLINIO, KOTOPOW CTPOKa NepeaaeTcs B Ka4ecTBe
napameTpa. Torga ata yHKUMS ANs NONyYeHus A0CTyNa K 3aKpbITbiM aNeMeHTam
Knacca gormkHa ObiTb 06bsABNeHa BHYTpU Knacca co cneumdukatopom friend



class String {
int len;
char * str;

public:
friend int length(const String &);

I
int length(const String & s)
{ return s.len; // HeoBXOoIOMM IOCTYIl K SaKPHETOMY 3JIEMEHTY

}

int main ()
{ String s;

cout<<length (s)<<"\n";
}

Kak peanusoBaTb onepauuto — 4Yepe3 MeTod Unn OPY>KECTBEHHY PYHKLMIO —
3aBUCUT TOMbKO OT NpeanoyYTeHM NPOrpamMMmncTa, Ho Yaule Yepes3 OObIYHbIE
byHKUMKN peanua3yloTcs Takme onepauumn, KoTopbiM Heobxoanmbl ABa unu donee

obbeKkTa onpeaenaemMoro Tuna.



DYHKUMS MOXET ObITb OPY>KECTBEHHOM Cpa3y HECKOIbKO Knaccam, MOXKHO
00bABUTL APYKECTBEHHbIM METO/, ApYroro knacca. Ecnn mHorne metoabl Apyroro
Knacca [JOMKHbl UMETb A0CTYN K 3aKPbITbIM 3NeMeHTaM, TO MOXHO 0ObsBUTL
LPY>XECTBEHHbIM BeCb Knacc: friend class WUMSI_KNacca;

Cneundomnkatopbl 4OCTyNa He OKa3bIiBalOT BIINSHUSA HA Apy3en knacca. dpy3en
Kflacca MOXHO onucbiBaThb B N0OOM pasgere knacca.



PexoMeHIALMH 110 MPOEKTHPOBAHUIO

Bce nons u BcnomorartenbHble METOAbLI B class CreayeT AenaTbh 3akpbiTbiIMU UMK
3aluLLEeHHbIMK anemMeHTamu. [ns gocTtyna K nonsm nonb3oBaTensam Knacca
MOryT ObITb NpeaocTaBneHbl TPUBNANbHbIE CENEKTOPLI U MoaudukaTopsbl. [Ans
3anperta YTEeHNS UM N3MEHEHNSA HEKOTOPOTO MO COOTBETCTBYIOLLININ CEMNEKTOP
Unu moaudukaTop He onpeaensieTcs.

class A {

int value;
public:

int getValue () const { return value; } // TpuUBMAJLHLMI
CeJIEKTOP

void setValue (int newValue) { value=newValue; } //
TPUBUAJIbHEM MOOUOUKATOP

s

[py3bsamun knacca cnenyet genatb TONbKO onepaunn atoro knacca. poyune
doyHKUNKM M KNnaccbl OOMKHbI UICNONb30BaTb OTKPbLITLIN MHTEPpdenc. bonee Toro,
HeKOTopble onepaunn MoryT ObITb peanms3oBaHbl Yepes 00blYHbIE YHKLUUN, HE
ABNSALWNECH OAPY3bSMU Knacca, eCnu OTKPLITOro nHTepdgenca 4oCcTaToqHO Ans nx



peanusauuu.

MeToabl 1 ApY>XeCTBEeHHble PYHKLMM OOMKHbI HEMOCPEACTBEHHO 0bpallaTbcs K
NonaM AN nornydeHns Ux 3HadeHnin, a He Yepes TpuBMarnbHble cenekTopbl. bonee
TOro, €CNK Kakas-To onepauus knacca, peannsoBaHHas Yepes 0bbIYHYI0
PYHKLUUIO, MCMOMb3YET TPMUBUATbHbIE CENEKTOPbI AN NOony4YeHns 3Ha4YeHuM
nornemn, HeobxoauMo caenaTtb ee APY)KEeCTBEHHOM 1 obpalllaTbCs K NONsaMm
HENocpeaCTBEHHO.

Heobxogumo mmHnmMmnsnpoBaTb MHTEPdENC Knacca. B Habop onepauumn
HeobXxoaMMO BKNOYaTh Te ornepauumn, KoTopble Hernb3a adEKTUBHO peann3oBaTb
yepes Aapyrme metoabl N YyHKUUN.

MeToabl, He U3MEHSAILLIME COCTOAHUSA 0ObeKTa, OOIMKHbI OblTb OObABMNEHbI Kak
KOHCTaHTHbIE.

MeToabl, N3MeHsLWMe COCTOAHME 0bbeKTa, He AOMMKHbI BO3BpaLLaTb
NHOPMALMIO O COCTOAHUN OBbEKTa (TEKYLLEM U NpeablayLLEM).

B3anmocBsidaHHble nona (Hanpumep, AeHb U MecsL, B JaTe) AOIMKHbI



yCTaHaBJ1IMBaTbCA BbISOBOM OA4HOIO MeToa.

Ecnn napameTp He U3MEHSIETCA B Tene (PyHKUMK, a ero pasmep borbLue unu
paBeH 16 6anT nnn OH CoOAEpPXNUT yKasaTernb Ha ANHAMNYECKN BbIOESTIEHHYIO
namsiTb, TO €ro HeoHXoaANMO nepenaBaTh Kak CCbINIKY HA KOHCTAHTHbIN OOBLEKT.
IHa4e MOXXHO rnepedasBaThb MO 3HAYEHMUIO.

[Ins knaccoB ¢ AMHaMUYeCKUM BblaeneHneM NnaMaTn oba3aTenbHO onpeaensmnTe
OECTPYKTOP, KOHCTPYKTOP KOMUIA KU OnepaLmio NPUCBanBaHUs N 3anpeTnTe mx
aBTOMaTU4yeCcKoe co3aaHne KOMMUNATOPOM.

O6bABNANTE OECTPYKTOPbI BUPTYalnbHbIMU B Krlaccax, ABMSOLWMXCS 0a30BbIMU B
nepapxuu.

B 00bsaABNeHun knacca onpeaensanTe TonbKo METOAbl, COCTOSILLME U3 OOHOTO
onepaTtopa npucBanmBaHUA UNN return.



3. Ileperpy3ka GpyHKUHUI U oniepanuu

IIpaBuia cBA3bIBAHUS

Ecnn TpebyeTca peanusauns ogHOW 1 TOW Xe onepauumn ans gaHHbIX pasnmuyHbIX
TUNOB, TO MOXXHO ONpeaennTb HECKONbKUX PYHKLMN C OOHUM U TEM XXE UMEHEM.
Takue pyHKUNM Ha3bIBAKOT NeperpyXeHHbIMU. [leperpyXeHHble PYHKUUN OOIMKHbI
ObITb 0OBABNEHLI B 04HOW 0bnactn BuanmocTtu (brioke, Kknacce unu
NPOCTPAHCTBE UMEH) N UMETb Pa3fnUYHbIE CUrHaTYpPbI (CMMCOK NapamMeTpoB
dyHKUMM B ckobBKax). CurHaTypbl OOSMKHbI OTNINYATLCS KONTMYECTBOM NapamMeTpoB
nnn nx Tunamn. Bosepallaemoe 3Ha4YEHUE B CUrHATYpPy HE BXOAUT.

CBA3blBaHME — 3TO npouecc BbIbopa ak3emnndpa PyHKUnmM n3 Habopa B 04HOM
obnacTtu BUOMMOCTU, KOTOPbIN COOTBETCTBYET HAabOpy aprymMeHTOoB npu ee
Bbl3oBe. Pasnunyalot paHHee (CTatndeckoe, BO BpeMsa KOMMUIIAUUN) N nNosaHee
(AMHamun4yeckoe, BO BpeMs BbINONHEHUSA) cBA3biBaHue. B C++ ncnonbayerca
paHHee CBA3biBaHME, HO MEXaHW3M BMPTYaribHbIX METO40B MOXHO
paccMaTpuBaTbh Kak nosgHee CBA3bIBaHWE MO NePBOMY, CKPbITOMY apryMeHTy.

Bbi6op dyHKLMN NpU CBA3bIBAHMM MPOUCXOAUT Ha OCHOBE crneayoLLmnX
NMPUOPUTETOB:



* TOYHOE COOTBETCTBMUE.

. NoBblleHne ToyHOoCTU: char, short, wchar t, enum, bool — int;
float — double.

. CtaHpapTHble npeobpasoBaHust: NOOOM YNCIOBOW TUM B OO0 YNCITOBOM
TMN (6NM30CTb TUMOB BO BHUMaHWE He NPUHUMAaETCS); Nobon ykasaTerb B
void *; kOHcTaHTa 0 K NoboMy YMCNOBOMY TUMY UM yKasaTento; ykasartesb
UITN CCbIfTKa Ha MPOM3BOAHbLIN Kacc K yKasaTeso UM ceblfike Ha 6a3oBbIn
Kriacc.

* [lpeobpazoBaHust Yepes KOHCTPYKTOPLI-NpeobpasoBaTenu nnmn onepaunm
npeobpa3oBaHud, onpeaeneHHble NPorpaMmmMmnUCcTOM.

. CootBeTcTBME . .. (CNeuyuanbHoe 0bo3HaveHne ans nboro KonuyecTea
napameTpos, cM. printf).

Beibupaetcsa pyHKUMA nnm metog ¢ 60sbLLIMM TOYHBIM YMCIIOM COOTBETCTBUN, NPU
OAVHAKOBOM KOfM4YEeCTBE TOYHbIX COOTBETCTBMN — paccMaTpuBaeTCHa KONIMYeCTBO
NOBbILLEHUN TOYHOCTU, 3aTEM YUYUTLIBAETCA YMNCMO CTaHOAPTHbLIX Npeobpa3oBaHn
n 1.40. Ecnn aBe nnn d6onee yHKUMKM N3 Habopa nony4vatoT OgNHAKOBbLIN
NPUOPUTET, TO KOMMUNATOP BbIBOAUT coobLieHmne o6 owmnbke.



void f (double) ; // 1
void f (const char *); // 2
void f(...); // 3
int main ()
{
int a[l10];
float b;
f(b); // 1, HOOBBIUIEHME TOUHOCTH

f('A'"); // 1, craHmapTHOe MNpeobpas3oBaHue
f("A"); // 2, TOYHOE COOTBETCTBUE

£f(0); // oumbBka, cooTBeTCTBYEeT (QYyHKUMAM 1 U 2
f(1); // 1, cra”HmapTHOe npeoBpasoBaHUe

f(a); // 3, cooTBeTCTBHUE



IIpaBujia neperpysku onepamuu

* Henb3s onpenennTtb HOBbIN NEKCUYECKUN CUMBON NS onepauun.

* Henb3a naMeHnTb NPUOPUTET, apHOCTL (T.€. KONTMYECTBO apryMeEHTOB) U
accoumnaTMBHOCTbL onepaLluil.

* Henb3asa neperpy3ntb onepaunto Aryid CraHaapTHbIX TUMNOB AaHHbIX.

. Henb3a neperpyxatb onepauum . :: .* ?: sizeof typeid.
. Onepauum = [] () —> MOXHO neperpyxarb TONbKO Kak METoAbI.
. He pekomeHayeTca neperpyxaTb onepauum , | | &&.

. [loBegeHne neperpyXeHHbIX onepaumn SOSMHKHO COOTBETCTBOBATHL MOBEAEHUIO
9TUX onepaumn ona CtTaHgapTHLIX TUMOB AaHHLIX: onepauuns + He OoSmKHa
N3MEHATb CBOMX apryMeHTOB, onepauns = OoJKHa BO3BpaLLlaTh CCbIIKY Ha
neBbl aprymMeHT U T.0.



dopmam nepezpy3ku yHapHouU orepauuu @ kKak Mmemooa:
TUN_pe3ynbraTta operator@ ()

nJin
TUN_pe3ynbraTta operator@ () const

dopmam nepeapy3ku yHapHou ornepauuu @ Kak pyHKUUU:
TUN_pe3ynbraTta operator@ (MMS_Kacca & )

nnm

TUN_pe3ynbraTta operator@ (const UMSA_KNacca & )

UcknrodeHue: B cnyvyae NoCTOUKCHBIX ++ N —— gobasnaeTca OUKTUBHbIN
napamMmeTp Tuna int.

Kak MeTod: UMsi_Krnacca operator@ (int)
KaK oyHKUMA: UMSI_KNacca operator@ (MMA_KNacca & , int)



dopmam nepezpy3ku buHapHou onepauuu @ Kak memooa:

TUN_pe3ynbTaTa operator@ (TUN_NapameTpaz)

nnn

TUN_pe3ynbraTta operator@ (TUN_NapamMeTpa2) const

IleBbIN apryMeHT onepauum nepegaeTcs Kak *this M MOXET ObITb TOSIbKO
onpeaensemoro Tuna. KoOHCTpyKTOpbI-npeobpasoBaTenu K IeBOMY apryMeHTy He
NPUMEHSAIOTCS.

@opmam repezpy3ku buHapHou ornepayuu @ Kak OyHKUUU:

TUN_pe3ynbTraTa operator@ (TUN_NapameTtpal, Tun_napameTtpa2)

roe no KpamHen mepe oauH U3 napameTpoB AOSMKEH OTHOCUTLCS K
onpegensieMmomy Tuny. Ecnn neBbi apryMeHT MOXET UMETb TUM, OTINYHbLIN OT
onpegensemMoro, HeobxoaMMo onpeaendaTb onepaumto Kak PyHKUMIO.



3ameyaHus:

* [1pn neperpyske onepaunmn Kak QyHKLNKU, 3TY QPYHKLMIO HYXXHO genaTtb
OpY>XeCTBEHHOW Knaccy TOSIbKO B TOM Cny4vae, ecnu anga ee aodpekTMBHON
peanusaumm HeobxogmMm OOCTYI K 3aKPbITbIM 3N1IEMEHTaM Knacca, nHade
nydyile onpenensaTtb 00bl4YHYIO PYHKUMIO (CM. Temy "PekomMeHaaumm no
NpOEeKTUpPOoBaHUD")

« Ecnun onepauns npuceamBaHus He onpeaenaeTcs nporpaMmmMmnucTom,
KOMMUNATOP co3faeT ee cam. B aTom aBTOMaTM4ecku co3gaHHOM MeToae
BbI3bIBAOTCA Onepaunmn npuceaneBaHus ans sBcex 6a3oBbIX KI1acCcoB U Nosieun.

* B bonblUMHCTBE cny4YaeB HET HEOHXOOMMOCTU OMnpeaensTb ornepaumio
npucBanBaHNA CaMOCTOATENbLHO.

* Ho ecnn knacc cogepXXnT ykasaTenn Ha gMHaMUYeCKn Bblaensaemyto namaTh,
TO NpW NpucBanBaHUM NPoOn3onuaeT AyonmpoBaHne MAEHTUYHOCTU ITUX
3HadyeHunn. B pesynbrarte nsmeHeHme ogHoro obbekTa NpuBeagT K UBMEHEHMIO
apyroro oobekTa. [loaTomMy B criydae UCrnosib30BaHUA ykasaTeneu
HeobxoaMMOo onpeaendTs onepaunio NpMceanBaHnUsA CaMOCTOATESNBHO.

« Ecnu npucBanBaHne oObEKTOB HE TpebyeTcs, peKoMeHayeTCsl 00bABUTD
onepauuio npuceanBaHuns B pasgene private, He onpenensas ee peanmsauuio.

« Kpome npuceanBaHus KOMNUNATOP cam onpeaensieT onepaunio B3ATUSA
agpeca.



http://ipc.susu.ac.ru/8497-11.html
http://ipc.susu.ac.ru/8497-11.html

IIpumepsbl neperpy3Kku onepamuii

Meperpyska onepauun npucBanBaHuS:
a) Ans cny4as, Koraa nepeBblaeneHns NnamsaT He NPOUCXoanT

class BadSize {}; // xnacc nna MHQOPMMPOBAHMA OO omMOKE
class Vector {

const int size;

double *const data;
public:

Vector &operator=(const Vector &);

b
Vector & Vector::operator=(const Vector &v)
{ 1f(size!=v.size)
throw BadSize () ;
for(int 1=0;i<size;++1)
datal[i]=v.datal[i];
return *this;



6) ons cny4vas, Koraa naMsaTb NepeBblaenseTcs

class String {
int len;
char * str;
public:
String &operator=(const String &) ;

I

String & String::operator=(const String &s)

{ String t(s); // co3maHue KOIUU
std::swap(len,t.len); // obmMeH cocTOodHMI OOBekTa t m *this
std: :swap (str,t.str);

return *this; // ofwexr t co crapem cocrosHueMm *this yumuroxaercs



OnpegeneHne NocTUKCHOro ++ yepes NnpeduKCHbIN:

class A {

public:
A& operator++ () ;
b
A operator++ (A &x, int)
{ A t(x);
++X;
return t;

}

OnpegeneHne + 4yepes +=:

class A {
public:

A& operator+=(const A¢&);

Y

A operator+ (A x, const A &y)

10 3HaAYEHUD
{ return x+=y;

}

//

[IEPBEY IapaMeTp IepelaeTcsd



Onpegenexnve | = 4yepes ==

class A {
public:
friend bool operator==(const A&, const A&);
i
bool operator!=(const A &x, const A &vy)
{ return ! (x==y); }
OnpepeneHne > >= <= ==y4epe3 < :

class A {
public:

friend bool operator<(const A&, const A&);
b
bool operator> (const A &x, const A &vy)
{ return y<x; }
bool operator>=(const A &x, const A &y)
{ return ! (x<y); }
bool operator<=(const A &x, const A &y)
{ return ! (y<x); }
bool operator==(const A &x, const A &y)
{ return ! (x<y || y<x); }



[eperpyska onepauun MHOAEKCUPOBaHUS:

class BadIndex {}; // xmacc ngna mHOOPMUPOBaAHMA 06 ommbKe
class Vector {

const int size;

double *const data;

public:
double &operator[] (int); // 1Ij9 HEeKOHCTAHTHHX ODOBEKTOB
double operator[] (int) const; // Oji9 KOHCTAHTHHX ODOBEKTOB

I
double & Vector::operator|[] (int 1i)

{ 1£(1<0 || 1i>=size)
throw BadIndex () ;
return datal[i];
}
double Vector::operator[] (int 1) const
{ 1£(1<0 || 1>=size)
throw BadIndex () ;
return datal[i];



int main ()
{ Vector a(l10); // BexTop m3 10 3J1eMeHTOB
al4]l=a[5]*2; // wusMeHdeM 3JIEeMeHT BeKTopa

}

[leperpyska &, —> U *:
class A;
class Ptr { // yMHBIM yKasaTeJb
public:
A *operator->();
A &operator* () ;

Y
class A {

public:
Ptr operatoré& (); // co3maHue yMHOTO yKasaTeJd

Y



Meperpyska onepauuun () Ans co3gaHus OYHKLMOHAMNOB:

struct str less { // bOyHKUMOHAJ IJIS CPaBHEHUS IBYyX CTPOK
bool operator () (const char *a, const char *Db)
{ return strcmp(a,b)<0; }

I

int main ()

{ char *s[100];
sort (s,s+100,str less()); // mcnompz30oBaHMe (QyHKIMOHAJA

}

Meperpyska onepauuun () Ans nHAekcauuu no AByMm Unn bornee Knrovam:

class Matrix {
public:
Matrix (int n, int m);
double &operator () (int i, int j);
double operator () (int i, int j) const;
}s
int main ()
{ Matrix a(10,10); // marpuua 10x10
a(4,5)=1; // usMeHgeM DSJIEMEHT MaTpPULELl }



[leperpy3ka onepaunun << v >> BBOAA-BbIBOAA:

class Point {
double x,vy;

public:
friend istream &operator>>(istream &, Pointé&);
friend ostream &operator<<(ostream &, const Pointé&);
Y
istream &operator>>(istream &s, Point &p)

{ char c;
return s>>c>>p.x>>c>>p.y>>c; // MOXHO NPOBEPUTH, KakKue

CMMBOJIEI IO, MeXIy U IIOCJIe UMCell

}

ostream &operator<<(ostream &s, const Point &p);
{ return s<<" ("<<p.x<<","<<p.y<<")"; // \n He BHBOIUTCSH!

}

dopmaTt BBOAA AOIMKEH TOYHO COOTBETCTBOBATL (hopmaTy BbIBOAA, HE AOITKHO
ObITb NOACKA30K Ha BBOA.



Onepanus npeodpasoBaHus

Onepauus npeobpasoBaHNA onpeaesnsieTcs Kak MeTo C 3arofioBKOM Buaa:
operator APYrou_tTvn () ;

N UCNONb3YyeTCs Npu HeobxoaMMOoCTU Ana npeobpasoBaHUs N3 onpeaeriieMoro
TMMNa B Apyron_tun.

He cnegyet onpenensats 0AHOBPEMEHHO onepauuto NnpeodbpasoBaHnAa U 0OpaTHbIN
K HEN KOHCTPYKTOpP-NpeobpasoBaTensb.

class String {
int len;
char * str;
public:
String (const char *s=""); // KOHCTpPyKTOp-Ipeobpa3oBaTellb
String& operator=(const Stringé&); // onepaumsa npucBaMBaHUA
operator const char * () const { return str; } // onepauus
npeobpas30oBaHmd
friend bool operator==(const String &,const String &) ;

Y



int main ()
{

int x;

String fmt, txt ("ABC");

fmt="%d\n"; // Ok, HedpHOe mnpeobpasoBaHue const char * ->
String

printf (fmt,x); // Ok, HeaBHoe mnpeobpasoBaHue String ->
const char *

if (fmt==txt) // Ok, npeobpasoBaHMI He HYXHO

if (fmt=="ABC") // Oumbka, kKakoe Npeobpas0BaHME BHIIOJHITL"?
// MOXHO CpaBHMTL IOBa String, a moxuHo nea char *

}

B Takux cnyyaax He onpeaensitoT onepaunio npeodbpasoBaHUsi, BMECTO HEE
aenatT 0bblYHbIM METOA;:

class String {
int len;
char * str;

public:



String (const char *s=""); // KOHCTpyKTOp-Ipeobpa30BaTelb

String& operator=(const Stringé&); // onepauus npucBaMBaHUA

const char * c str() const { return str; } // mMeTon BMecCTO
orepaumm npeobpasoBaHUd

friend bool operator==(const String &,const String &);

I
int main ()
{
int x;
String fmt, txt ("ABC");
fmt="%d\n"; // Ok, HesaBHoe npeobpas3oBaHue const char * ->
String
printf (fmt.c str(),x); // Ok, HYyXHO SBHO BHI3EHIBATbH METO.H
if (fmt==txt) // Ok, npeoBpasz3oBaHUM HEe HYXHO

1f (fmt=="ABC") // 0Ok, HesBHOe mnpeobpasoBaHue const char * -> String



Ileperpy3ka new u delete

PeannisoBaTtb BblaefieHMe y4acTKOB NaMATV OQMHAKOBOro pasmMepa n3 HeEKOTOpPOro
nyna MoXHo 6onee a(pdeKTUBHO, YEM BblaeneHne y4acTKkoB NamMsaTu
Npon3BOSbLHOro pasmepa. Kpome toro, npu paboTte ¢ y4actkamm namaTu
OOWHAKOBOro pasmepa He BO3HUMKaET npobriema pparmeHTaumm, korga ceoboaHas
namsaTb OENUTCA HA MHOXKECTBO Yy4acTKOB HEDOSMbLLOro pasmepa.

UToObI NOBLICUTL 3(PAEKTUBHOCTL NPOrpamMm, NCNOMb3YHOLLNX ANHAMUYECKNE
CTPYKTYPbl AaHHbIX, MOXHO c034aTb COOCTBEHHbIE BapMaHTbl onepaunm new u

delete ANg BblaeneHmna NnamaTn noa, OOBbEKTHI HEKOTOPbLIX KJ1aCCOB, HaANnpummep,
3NeMEeHTOB cnucka. 3T onepaunn onpegerndarTcAd Kak CtTatTu4eCkmne MmeTtoabl
Knacca, otaenbHO Ans 0OAMHOYHbIX OOBbEKTOB M MaCCUBOB!

static void *operator new(size t, AonN_nNapamMeTpbl) ;

static void *operator newl[] (size t, Aon_napameTpbl) ;

static void operator delete(void *, size t);

static voilid operator deletel] (void *, size t);



3Ha4veHus ansa JONOSNMHUTENbHbIX MnapamMeTpoB MOXHO YKa3aTb MNPUN BbI3OBE new

cneaywowmnm obpasom:
new (AON_APrymMeHTbl) TUN (CMUCOK_BbIPAXEHUN) ;

MoXXHO Takke neperpysnTb rnobanbHyro onepaumio new, ykasas
OOMONHUTENbHbIE NapameTpsbl. [nobanbHas onepaumsa new yXKe NeperpyeHa ¢
OOMOSTHUTENBHLIM NapaMeTpoM Tvna void * (NamMATb HE BblOENseTcs, a
BO3BpalLlaeTcH YyKasaHHbIN agpec, NCNonb3yeTcs Ans nHMyuanunsaumm
MOMOLLIbIO KOHCTPYKTOPa NPOU3BOSbLHONO ydacTka naMatu) U nothrow t (B
criyqae ownbKn He BO3HUKAET UCKMNIOYMTENBHOM CcUTyaumm bad alloc, onepauus
Bo3BpaLuaeTt 0).

[MpMep NOBTOPHOM MHULMANM3aUum obbekTa ¢ MOMOLLIbIO NEPErpyXeHHOM
dopMbl onepaTopa new U ABHOIO Bbl30Ba AECTPYKTOpa:
Vector a(100);
// memcTBuUA C BekTopoMm pasmepoM 100
a.~Vector () ;
new (&a) Vector (200);
// mencTBuUA C BekTOopoM pasmepoMm 200



4. II1a0/J10HBI

Iabnoubl PyHKUMIT

C nomoulbto WabnoHoB YHKUUA MOXHO OnpeaennTb arnroputM, KOTOPbIN MOXET
ObITb MPUMEHEH K JaHHbIM Pa3finYHbIX TUNOB. KOMNUNATOP reHepupyeT Kod npu
NnepBOM BbI30Be MO 3agaHHOMY Wabsrony. LabnoHHasa dyHKunsS onpenensieTcs
Kak 0bbl4Has PyHKLUNS, HO e€ onpeneneHne OoSMKHO ObiTb B 3arofioBOYHOM
danne n nepen 3arofiloBKOM (PyHKUMM HEOBXO0AMMO HanucaTb:

template <napameTpbl_abroHa>

[MapameTpamu WwabnoHa Yvalle Bcero siBNsTcs TUnbl obpadaTbiBaeMbIX
dyHKUMEN OaHHLIX (Nepes UMEHEM TaKoro napameTpa HY>XHO HanucaTtb
typename UMK class), HO OOMNYCTUMO Takke nepefaBaTb KOHCTAHTbI N OObLEKTHI,
KaK n 00bl4HOW (pyHKUMK. NS napamMeTpoB WwabrnoHa MOXHO yKa3aTb 3Ha4YEHUSA NO
YMOJSTYaHMIO.

lpumep wabroHa pyHKUUU:

template <typename T>
inline T maximum (T a, T Db)

{

return a < b ? b : a;



Ecnn napameTpbl WabnoHa OTHOCATCA TOMNbKO K TMNam napameTpoB dyHKUMN, TO
eé MO)XHO BbI3bIBaTb 0ObIYHLIM 0OPa30oM, KOMMUMAATOP ONPeaennUT apryMeHTbl
LabnoHa camocToATeNbHO. B ocTanbHbIX Criy4asax Ux HY)KHO yKa3aTb SIBHO MOCIe
NMEHN (PYHKLUN B <>:

int a,b,c;
double d, e;
c=max (a,b); // oba aprymMeHTa OYHKLUUM MMEIT TWUI int, 3HaUuMUT
apryMeHT mabjioHa - Tumn int
e=max<double> (d,a); // Tun apryMeHTa mabJioHa HeJb34
ONpEenesIUTh [I0 TUIY aplyMeHTOB (QYHKLNM,

// vkaspBaeM aBHO Tun double

Kak n obbl4HblE PYHKUNK, WABNOHLI PYHKLMWN MOXHO neperpyxartb. M3 Habopa
LLABMOHHbLIX PYHKUMI BbI3bIBAETCA PYHKLUMA ¢ Hanbonee cneumann3mpoBaHHbIMU
napamMmeTpamu, TOHHO COOTBETCTBYIOLLLAS apryMeHTam nNpu Bbli30BeE.

Ecnun onpegeneHbl 0AHOBPEMEHHO OObIYHbIE U LWIAONOHHbIE YHKLMN C
OOMHAKOBbIM MMEHEM W MpPU BbI3OBE HE YKa3aHbl aprymMeHTbl Ans wabnoHa B <>,
TO CHa4arna KOMMUNATOP BbIMOMHAET NOUCK 0ObIYHOM (DYHKLIMN C TOYHbIM
COOTBETCTBMEM TUMOB NapaMeTpoB, 3aTeM LabnoHa PYHKUWM C TOYHbIM
COOTBETCTBMEM TUMOB NapaMeTpoB, a 3aTeM NbITAeTCsA JOOUTLCS COOTBETCTBUS



aprymMeHToB C napameTpamMmm 0bbl4HON OYHKLMM C NOMOLLbIO onepaumn
npeodbpasoBaHuUS.

IH1a0J0HBI KJIACCOB

[Mepen wabnoHom knacca HeobxoaMmMo HanucaTb:
template <napameTpbi_abrnoHa>
MeTtoab! LwabnoHHOro Knacca AoMmKHbI ObITb onpeaeneHbl B 3arofiloBOYHOM dhanne

nnobo B 00bsABNEHUM Krnacca (Torga OHU ABMIATCA BCTpanBaeMbiMmn), MO0 Kak
LWABoHHble OYHKLNUMN.



[pumep wabrioHa Kracca:.

template <typename T=int, int size=100>
class Stack {
T s[s1ize];

int t;
public:
Stack () :t(=-1) {} // BCcTpamuBaeMele METOIE
bool isEmpty () { return t==-1; }
bool isFull () { return t==size-1; }

void pop () ;

const T & top();

void push (const T &),
b
class StackEmpty {}; // KJjacce »nJaa MHPOPMMPOBAHMA 06 ommbKax
class StackFull {};
template <typename T, int size>
void Stack<T,size>::pop()
{ 1f£(!'isEmpty())

——t;

}



template <typename T, int size>
const T & Stack<T,size>::top()
{ 1f(1sEmpty())
throw StackEmpty () ;
return s[t];
}
template <typename T, int size>
void Stack<T,size>::push(const T& v)
{ 1f(isFull())
throw StackFull(); // coobmaem 06 ommdke
s[++t]=v;
}

[Mpu co3gaHum oObEKTOB LABIOHHOIO Krnacca nocrie MMeHu Knacca B <>
yKasblBaeM aprymMeHThbl LabnoHa:
Stack<int, 200> a; // crexk uejyux umces pasmepom 200

Stack<double> b; // cTek BemeCTBEHHHX uuces pasmepom 100
Stack<> c; // cTek uejyblx umces pasMepom 100



Chnenmaan3anus

MoXXHO crieunanmanpoBaTb (M3MEHATb peanusaunto) anga onpeaeneHHbIX TUNoB
OaHHbIX WabroH pyHKUMK, oTaenbHble MeTOAbI WabnoHa knacca unu wabnoH
Knacca Lernmkom.

[1pn cneyuanusaunm yHKLMU N OTAENbHbIX METOAO0B A0MYCKaeTCAa TOSIbKO
rnosiHas crieyuanusauyus. l'epepn onpeneneHnem cneunann3aumm nulleTcs
template <>, a nocne UMeHn pyHKUMN Nnn Kknacca gobasnaeTca CnUcok
aprymMmeHToB OCHOBHOrO WwabsrioHa B <>. AHanorm4Hom qoyHKLUMOHAaNMbHOCTU MOXHO

O0obuUTbCA, ecnn onpeaennTb 0DbIYHY OYHKLUNIO UNK Neperpy3nTb LWabnoH
dyHKunK. PasHuua B TOM, 4YTO reHepauunst koga ansa odbivHOW pyHKUMK ByaeT
NponcxXoauTb NPU KOMNUNAUUK e€ onpeaenerHus (T.e. Bcerga), a anga wabnoHa u
cneunanusaunm — Npu NEPBOM UCMOSIb30BaHNM (MHCTaHUMpOBaHUN). PasHuua
MeXay cneuunanmsauuen n neperpyskon wabsoHa YNCTO KoHUeNnTyarnbHas.

[pumep crneyuanu3ayuu wabroHa yHKUUU:

template<>

inline const char * maximum<const char *>(const char *a,
const char * Db)

{ return strcmp(a,b)>07a:b; }



Cneunanunsauusa wabnoHa kracca onpegensietca Kak wabnoH knacca, HO Hernb3s
yKasblBaTb 3HAYEHUS MO YMOMYaHMIO AN napamMeTpoB WwabsrioHa, a Nocre MMeHU
Krlacca yKkasblBaeTCs CNUCOK apryMeHTOB OCHOBHOIO WabroHa B <>, KOTOPbLIN
NO3BONSET KOMMUITATOPY YCTAaHOBUTbL CBA3b MEXAY NapameTpamu crneunanusaumnm
N OCHOBHOrO WabnoHa. lNpu cneunanmniaaunm wabnoHa Knacca MOXHO NMOSTHOCTbIO
N3MEHNTb BECb MHTepdenc knacca. [Jonyctuma yactuyHasa cneunanusauug
LwabnoHa Knacca.

lpumep crneyuanusayuu wabrioHa Knaccea:

template <int size> // uwacTuuHasa cneumMaaMs3alns
class Stack<char *,size> {
char *s[size];

int t;

public:
Stack () :t(-1) {} // BCcTpamuBaeMele METOIE
bool isEmpty () { return t==-1; }
bool isFull() { return t==size-1; }
~Stack() { while(!isEmpty()) pop(); }

void pop () ;



const char * top();
void push (const char *);
b
template <int size>
void Stack<char *,size>::pop/()
{ 1f£(!'isEmpty())
delete|[] s[t—-];
}
template <int size>
const char * Stack<char *,size>::top /()
{ 1f(1sEmpty())
throw StackEmpty () ;
return s[t];
}
template <int size>
void Stack<char *,size>::push (const char *v)
{ 1f(isFull())
throw StackFull(); // coobmaem 06 ommbke
s[++t]=new char|[strlen(v)+1];
strcpy(s[t],v);
}



NucranuupoBanue

NHcTaHumpoBaHue WwabnoHa — 310 reHepaums koaa dyHKUMU UK Knacca no
LabnoHy ANst KOHKPETHbIX NapaMeTpoB. PasnnyaloT HeESIBHOE UHCTaHLMPOBaHME,
KOTOpPOE MPOUCXOOUT NMpu Bbi3oBe MYHKLIMN U co3gaHnn oObeKTa Knacca, 1
SIBHOE MHCTaHLUMpOBaHNE C NMOMOLLIbIO Pe3epBMPOBAHHOIO CrioBa template.
NHCcTaHUMpoBaHME MOXHO AernaTh TONbKO B TOYKE NporpamMmsl, rae JocTynHa
peanusaums wabnoHa yHKUMM N MeETOAOB LWABMOHHOIo Knacca.

Peannsayma wabnoHoB aomkHa 6bITb onpeaeneHa B 3aronoBoYHOM doanne,
4TOObLI KOMAUNATOP CMOT BbINOMHUTL NHCTaAHUUPOBaHME WabnoHa ans nobbix
aprymMeHToB, HO MOXHO CKPbITb peanusauuio, UCNosib3ys SsBHOE
WHCTaHUUpOBaHMe. B 3aronoBo4HOM doamne npu 3ToOM OCTaeTCH TOSMbKO
obbsiIBNeHme WwabnoHoB, a peanui3auns noMeLlaeTcs B otaenbHbIn dann. Ons
BCEX BO3MOXHbIX BapUaHTOB NPUMEHEHMNSA LIAaBMIOHOB B 3TOM Moaysie
BbIMOJSTHAETCS ABHOE UHCTaHUupoBaHue. [Nniockl: KOMNUMIALUMS BbINONHAETCS
bbicTpee, coxpaHseTcss know-how, MUHYC: ncnosfib3oBaHue WabrioHOB C
HernpeaycMoTPEHHbIMU apryMeHTaMu NpMBeaET K OMbKe Npu KOMMOHOBKE
nporpamMmmbil.



3azos10804HbIU haun my.h:

template <typename T> T sqgr (T);
template <typename T> class X
{
T x;
public:
X(T x):x(x){}
T get ()const;
void set (T) ;

Y

Peanu3zauus modyrnsa my.cpp:

#include "my.h"

template <typename T> T sqgr (T x)

{ return x*x;

}

template <typename T> T X<T>::get ()

{ return x;

}

template <typename T> woid X<T>::set (T x)
{ this->x=x; }



template double sgr (double)
template int sgr (int);
template class X<int>;

[pumeHeHue:

#include <iostream>

#include "my.h"

using namespace std;

int main ()

{
cout<<sqgr (10)<<"\n"; //
cout<<sqgr (1.2)<<"\n"; //
cout<<sqgr (10L)<<"\n"; //

X<int> x1 (10);
cout<<xl.get ()<<"\n"; //
X<double> x1(1.2);
cout<<xl.get ()<<"\n"; //
return 0;

;, // daBHOe MHCTaAHLUVpOBaHMe mabJjioHa QYHKLNUM
// JJIA IOIBYX THUMIIOB apPI'yMEHTOB
// m kjacca nna Tuna int

OK
OK
Oumbka, HeT sqr (long)

OK

Oumbka, HeT X<double>::get ()



5. HaciienoBanue

OTHOIIEHHe HACJIe10BAHUA MCECKAY KJIacCaMu

MexaHnam HacregoBaHus rNo3BoSsSET co3gaBaTh HOBLIE KlacCbl HA OCHOBE
CYLLECTBYIOLLUNX MYyTEM PaCLUMPEHUS NN N3MEHEHNS NX CTPYKTYPbI N NOBEOAEHUS.
HacnenoBaHue He crniegyeT nytaTh € arperaumen (OTHOWEHNEM YacTb-LEenoe) n
NCNONb30BaAHUEM:

e BOOUTESNb — aBTOMODOUMb: BOAUTENb caM HUKYyOa HE MOXET NoexaTb, HET
CBsI3en MeXady UxX CBOWCTBaMM, HO TONbKO BOAUTENb MOXET BbIMOSHATb
OENCTBUA Haa aBToMobuNeMm, cnegoBaTeribHO, 3TO OTHOLLEHME
NCMOJ1Ib30BaAHUA,

* ABUratesrib — aBTOMOOUNb: ABuUratesib CaMOCTOATESIbHO HUKYya HE MOXET
NnoexaTtb (HeT KOJ'IeC), XapaKTepPUCTUKN OBUratesnd ABiAr0TCA YaCTbiO CBOUCTB
aBToMobuns (MaKCVIMaJ'IbHaﬂ CKOPOCTb, MOLLIHOCTb, TUM TOMJIMBa, €ro pacxo
7 T.I'I.), crnenoBartesibHo, 3TO OTHOLWWEeHUWE arperayum,

* I'PY30BUK — aBTOMOOUIb: Py30BUK UMEET TaKMNE XKe CBOWCTBa 1 noBegeHue,
Kak aBToMobunb, JobaBNAeTCcs HOBbIN 3NEMEHT — KY30B 1 BOBMOXHOCTb
nepeBo3nTb rpyabl, cjieaoBaTtesibHO, 3TO OTHOLWWEHNE HaClleOBaHUA.



[Nocne uMeHn npou3sodHO20 Kriacca MOXHO HanMcaTb CUMBOS : U YKa3aTb
Cnucok 6a3o8bix Kraccos Yepes 3anatyto. [Nepen nmeHem 6a30BoOro knacca
MOXHO YKa3aTb crieumdumkaTop AocTyna Ans Hacneayemblx anemeHToB. o
yMon4yaHuio Ansi 6a3oBbIX KNAcCoB B Knaccax, 00bABMNEHHbIX C MOMOLLIbIO
struct, ycTaHaBNMBaeTcs cneyndukaTop goctyna public, a B knaccax,

0ObSABMEHHbIX C MOMOLLbIO class, — private.

MO>XHO M3MEHUTb YPOBEHb AOCTYNa K OTAEMNbHbIM HacreayeMbliM 3rieMeHTam
Knacca (KpoMe 3aKpbITbIX 3N1IeMEHTOB 0a30BOro Krnacca, 4ocTyna K KoTopbiM U3
NMPOM3BOAHOIO Kriacca HeT), UCNoNb3ysa using.

class A {
public:
void f () ;
void g () ;
I
class B : protected A {
public:
using A::g; // g - public, f - protected
i



C nomMoulblo using MOXHO B NPOM3BOAHOM Knacca AobasnTtb MeTOA K Habopy
METOLOB C TEM XE€ MMEHEM B 6a30BOM Kriacce:

class A {
public:
void f () ;
}i
class Bl : public A {
public:
void f (int) ;
b
class B2 : public A {
public:
void f (int);
using A::f;
I
int main ()
{ Bl bl;
bl.£(); // Ommbka, MeTOn MNEPEKPHT
B2 b2;
b2.£(); // Ok, MeTOom HeperpyxeH }



BupryajbHbie MeTOABI U A0CTPAKTHBIE KJIACCHI

[Nonumopgbu3sm obecnevnBaeT B3aMMo3aMeHAEMOCTb OOBEKTOB C OANHAKOBbLIM
nHtepdencom. B C++ nonmmopdmnam BO3MOXKEH TOSbKO A1 OOBbLEKTOB,
OTHOCSLLMXCS K OOQHOW nepapxmun, n peann3yeTtcs ¢ NOMOLLbI BUPTYyarbHbIX
MeToaoB. Te MeToabl, KOTOpble MOryT BbITb NepeonpeneneHsl B NPOU3BOAHbIX
Kraccax, AOMKHbl ObITb 0OBbABNEHLI B 6a30BOM Knacce C NOMOLLbIO
cneymndounkaTtopa virtual. [pn nepeonpeneneHnn metoq A0STKEH UMETL TO Xe
nmsa n Habop napameTpoB. CrneundmkaTop virtual Npu nepeonpeneneHnm
MeToAda B NPOU3BOAHbLIX Knaccax MOXHO He yKasblBaTb. [JonyckaeTcs N3MeHATb
TN BO3BpaLLaeMoro pesynsrarta — BMECTO CChINIKM UNU yKasaTens Ha 6a30BbIn
Kfacc BEPHYTb CCbISIKY UMK yKasaTterb Ha Npou3BoAdHbIv Knacc. epeonpenennTb
BUPTYarbHbIN METOL MOXHO B CKOJSb YroAHO AalfibHEM NOTOMKE N CKOJIbKO YrogHoO
pa3. Ecnn meToq B KaKOM-TO Knacce 3TOW nepapxum He nepeonpenensieTcs, To
Ncnonb3yeTcs onpeaeneHne n3 6asoBoro Kracca 3Toro Kracca.

CTtaTtnyecknn MeTo HeNb3A OOBbABUTL BUPTYalibHbIM.
I'Ip|/| Bbl30BE€ BUPTYalJibHOINo MeTO4a Bbl3blBAE€TCA €ro pearnmndaumd n3 pealsibHoro

Krnacca obbeKkTa, XoTst 00bEKT MOXKET ObITb NPeacTaBneH CCbINKON UM
yKasaternem Ha 6a30BbIn Knacc. Ecnu HeobxoamMmMo Bbi3BaTb peanusauuto



BUPTYyanbHOro Metoga n3 6asoBoro knacca, To nepeg UMeHeM MEeToAa HY>XXHO
HanucaTb MMma 0a30oBOro Knacca u : ..

Ecnn onpegenntb BUpTYyanbHbIn MeTo B 6a30BOM Knacce Hernb3s, TO rnocne
3arosioBka BMECTO Teria Metoda Hy)XHo ykasatb =0. Takon meToq Ha3biBaeTc4
4yucmo supmyarbHbIM, a Knacc, cogepxawmm xota obl oguH Takon MeTon, —
abcmpakmHbiM. Henb3sa co3naBaTb 00bEKTHI aDCTPaKTHbLIX KNacCcoB, HO MOXHO
paboTaTb CO CCblfIkaMu UMK yKasaTensiMu Ha abCcTpaKkTHbIE Knacchl. B
NPON3BOAHOM KIlacce BCe YNCTO BMPTYyanbHble METOALI AOMKHbI ObITb
onpeageneHsbl, YToObI Kracc nepectan ObiTb abCTPaKTHbLIM.

class Shape {
public:
virtual double square()=0; // uMCTO BUPTYAaJILHEIN METOX
I
class Rectangle: public Shape
{ double w,h;

public:
Rectangle (double w, double h):w(w),h(h) {}
double square() { return w*h; } // nepeonpenejeHue

BUPTYAJIBHOI'O MeTOIOa



I

class Circle: public Shape

{ double r;
public:
Circle (double r) :r(r) {}
double square() { return r*r*acos(0.)*2; } //

repeonpenesieHrne BUPTYAJbLHOTO MeTona
i
int main ()
{ Shape *s=new Circle(10);
cout<< (s->square ())<<"\n"; // BBHBOB BUPTYaJILHOT'O MeTOHIa

}

UncTo BMpTYanbHOMY MeToay B abCTpakTHOM Knacce MOXHO AaTb onpeaeneHue,
KOTOPOE MOXHO Bbl3BaTb MO MMEHM Knacca.

class Figure {
int color, x, y;

public:
Figure (int color, int x, int y):color(color),x(x),vy(y) {}
virtual void draw()=0; // uMCcTO BUPTYAaJILHEI METOI

I



void Figure::draw() // omnpemejieHMe UMCTO BUPTYAJILHOT'O METOIa
{ setcolor(color):;
moveto (x,v); 1}
class Rectangle: public Figure
{ int w,h;
public:
Rectangle (int color, int x, int y, int w, int h)
:Figure (color,x,vy),w(w),h(h) {}
void draw(); // mnepeomnpenejieHMe BUPTYAJLHOTO MeTOIa
I
void Rectangle: :draw ()
{ Figure::draw(); // Bu3oB peanmszauuu MeToda U3 6Gaz0BOTO KJacca
linerel 0);
linerel h);
linerel
linerel

’ 14

(w
(0
(-w,0);

(0,-h);

}
int main ()

{ Figure *s=new Rectangle (RED,10,20,100,50);

s->draw(); // BBBOB BUPTYaJIbHOTO MeToHma }



MHoKeCTBEHHO€E HACJIeJOBaAHHE

[Mpn MHOXECTBEHHOM HacreaoBaHWUM Krnacc HacneayeT CTPYKTYPY U noBedeHne ot
HECKONbKMX KITaccoB.

I'IpM MHOXeCTBEHHOM HacClegoBaHnn MOIryT NOABUTBLCA ClieayrLine I'IpO6J'IeMbIZ

1.HacnepoBaHue ot obuiero npeaka. B atom criyvae ucnonb3yoT BUPTYanbHbIE
Kriacchl.

class A {};

class B: virtual public A {};
class C: virtual public A {};
class D: public B, public C {};

[Mpy ncnonb3oBaHUM BUPTYarbHbIX KIAcCOB KOHCTPYKTOPbLI BbINOMHAIOTCS B
creynanbHOM NopsaaKe: CHayana KOHCTPYKTOPbI BCEX BUPTYarbHbIX KNaccoB, a
MOTOM KOHCTPYKTOPbI 0a30BbIX KITaCCOB U NMoren B 00ObIMHOM NopsaaKke U Teno
KOHCTpYyKTOpa. [1na 0eCTPyKTOPOB NOPSIAOK CTPOro NPOTMBOMOOXHbIN.



2. MeTogbl ¢ 0AMHAKOBOW CUrHaATYpOW B pa3sHblX 0a3oBbIX Kraccax. B aTtom cny4dae
MCNONb3YHT SIBHOE YKa3saHWe MMEHM Knacca nepeg MMeHeM MeTofa rnpu Bbi30Be.

class A {
public:
void f () ;
b
class B {
public:
void f();
}s
class C: public A, public B {};
int main ()
{ C cl;
cl.A::f(); // MeTom m3 kJjacca A
cl.B::f(); // meTom m3 kJjacca B



3. lNepeonpeneneHne BUpTyanbHbiX METO40B C OAMHAKOBOW CUTHATYPON B pasHbIX
6a30BbLIX Knaccax. B aTom cnyyae BBOOAAT MPOMEXYTOYHbIE KNACCHhI.

class A {
public:

virtual void f(); };
class B {

public:
virtual void f(); };
class Al: public A {
public:
virtual void fA() { A::f(); }

void £ () { fA(); } };
class Bl: public B {
public:
virtual void fB() { B::f(); }
void £() { fB(); } }7
class C: public A, public B {
public:
void fA () ;
void fB(); };



6. UckirouuTe/ibHbIC CUTYAIUN

Ha3znauenue. CTaHaapTHbIe HCKJIHYCHUSA

B xoae BbINONMHEHUA OYHKLUN MOXET NPOU30OUTU UCKIrYUMernbHas cumyauus,
Korga us-3a obHapy>XeHHOM OLLMOKN NpoaoSKUTb HOpMaribHO€E BbINOSTHEHNE
anroputTmMa HeBO3MOXXHO. BbINonHeHMe 3Toro anroputMa AOMKHO 3aBepPLUUTLCS,
3areM PyHKLUNS MOXKET:

* BbigaTb coobuieHne 06 owmnbke n aBapumnHO 3aBEPLUUTL BbINOMHEHME
nporpammbl. HegoctaTkn: CHMXaeTCs Ha4eXHOCTb NporpamMmbl, BBeaeHHas
nonb3oBaTtesieM nHopmMaLuuns TepAaeTcd, HEeT BO3SMOXHOCTU NpearnpuHATb
anbTepHaTUBHble EUCTBUA, HanpmumMmep, CoOXpaHUTb MHOpMaLUIO Ha OPYrom
OvcKe.

. BepHyTb cneuuanbHoe 3HavyeHue. Hanpumep, dyHKUMA malloc Npu OWnobKe
BblaeneHns namsatu Bo3spawaetr NULL. HegocTtaTkn: obnactb 3Ha4eHun
dYyHKLUMN MOXET cofdepKaTb BCE 3HAYEHUA TUNa pesynbrarta QyHKUNK,
NpoBepKa pesyrbrara KaX4oro Bbl3oBa B CITOXXHOM BblpaXX€HUM HEBO3MOXHA,
a B bonee npocTbIX NPUBOAUT K CYLLLECTBEHHOMY YBENUYEHUIO pa3mepa
nporpammebl, MO3TOMY YacTO NPOBEPKA HE BbINOMHAETCH.

. YCTaHOBUTb COCTOSIHME OLUMOKK B crieumanbHou rnodanbHON NnepeMeHHOWN.
Hanpumep, matematnyeckme oyHKLMN 3anmucbiBatoT KOO OLNOKN B errno.



HepgocTaTtku: npoBepKa 3TON NepeMeHHOM Mocne KaXxaoro orneparopa ¢
BbI30BOM (PYHKLUM NPUBOAMUT K CYyLLLECTBEHHOMY YBENUYEHMIO pa3mMepa
nporpamMmmsbl, MO3TOMY 4YacCTO MPOBEPKa He BbINOSTHAETCS.

. Bbi3aBaTb cneunanbHyo yHKUUI0 06paboTkn owmnbkn. Hanpmumep, HeKoTopble
peanusauum matemMaTnyecknx PyHKUNKU Npu onbKe Bbi3biBAOT OYHKLMIO
matherr. HegoctaTtku: Npn OTCYTCTBUM UCKITIOYEHUIN 3Ta (PYHKLMA OOSTKHA

BbIMOSTHUTb OAHO N3 TPEX PacCMOTPEHHbIX paHee AeNCTBUMN.

MexaHn3m UCKITIoYEHNI NO3BOMNSET NepeaaTtb ynpaBneHne u BClo HEOOXoaANMYHO
NHOPMAaLMIO B TY YacTb NporpamMmbl, KOTOpasd CMOXET obpaboTaTb AaHHYI0
owmnbKy, a 3aTeM NPOAOIMKNTL HOPMarnbHOE BbINOMHEHNE NporpaMmmsbl. Pasmep
nporpaMmmbl NP 3TOM HE YBENMNYMBAETCS.

Bce cTangapTHbIE UCKITIOYEHNST ABMNSIIOTCA MPOU3BOAHBLIMU OT Knacca exception.

K CTaHOapTHbIM UCKITKOYEHNEAM OTHOCATCA.

. bad alloc, reHepupyemoe onepawmen new;

. bad cast, reHepupyemoe onepaumen dynamic cast;

. bad typeid, reHepupyemoe onepauuen typeid,

. bad exception, reHepupyemoe Ans obpaboTKn UCKMOYEHUS,
HenpeagyCMOTPEHHOM B 3arofioBke oyHKUUN;

* NCKITIOYEHUS, NOpOXaaemMble Knaccamu n anroputmamm STL.



Iopoxkaenue u nepexnar

[na nopoXxaeHnsa UCKNOYEHMIN UCMNOSb3YEeTCs onepaTop

throw BblpaxXeHue;

PekomeHayeTcs ykasbiBaTb B KA4ECTBE apryMeHTa 00beKThl crieymanbHbIX

KIlaccoB, a He CTaHAAaPTHLIX TUNOB (int) MM KnaccoB 0OLWEero Ha3Ha4YeHUs
(vector). Knaccbl UCKNo4YeHnn pekoMeHOyeTCcAa BbiCTpanBaTb B MEPapXuM.

Onepatopsbl, KOTOPbIE MOrYT rEHEPMPOBATb UCKIMOYEHUS, 3aMMCbIBAOTCA BHYTPU
brnoka try, nocne KoToporo naet Habop o6paboTUMKOB UCKNIOYEHUN catch. Y
Kaxgoro obpaboTymka yKasblBaeTCH TUM UCKIHOYEHUI, KOTOPbIA OH MOXET
nepexeaTtbiBaTb, U ONLMOHANBHO UMS1, C MOMOLLIbIO KOTOPOro MOXXHO obpallaTbcd
K cO30aHHOMY ornepaTtopoM throw 0ObEKTY BHYTPU 0OpaboTymKa.

[MepexBaTt UCKMNIOYEHUS pEKOMEHOYETCSA AenaTb Mo CCbIfiKe, YToObI n3bexaTb
cpe3Kku obbekTa nNpu npeobpasoBaHnK K Da30BOMY Knaccy.



try

{ // onepaTopsl

}

catch (bad alloc &)

{ // obpaborka ommMOKM BHIOEJIEHUS HaAMITU

}

catch (1o error & e)

{ e.stream.clear(); // obpaborka oumbOKM BBOIA-BHBOIA
}

catch (exception &)

{ // obpaborTka IOPYI'MX CTAHIAPTHHIX MCKJIOUEHUM

}

[Topsaok 06paboTKN NCKIKOYEHUIA CNeayOLLNNA;

. Co3gaeTcs konus aprymeHTa throw B CTaTU4eCKOM NamMsATH.

 [IponcxognT nouck nogxoadwero obpabdotynka. B npouecce noncka
BbINOMHSAETCS packpymka cTeka, T.€. BbIxod U3 yHKUUN, rae HET NoAXoasaLmx
00paboTUMKOB N BbI30B AECTPYKTOPOB AN JToKalbHbIX OObEKTOB.

. Ecnn nogxogswmm obpaboTumk HaugeH, ynpaesrneHme nepegaeTcs eMy, MHadve
Bbi3blBaeTCs PYHKUMA terminate, KOTOpas No yMOMYaHMUIO aBapunHo



3asepLuaeT nporpaMmmMy, HoO MOXHO 3afaTb APYroe AeNCTBME C MOMOLLbIO
PYyHKUUKN set terminate

. [locne BbINOSIHEHUSA 0OpaboTyMKa KOnnsa aprymeHTa throw B CTaTUHECKON

NnamMaTy YHUUTOXaEeTCA U yrpaBneHne nepeaaeTcs Ha oneparop, cneayroLni
3a nocnegHum n3 obpaboTymkoB TOoro Habopa, rae obin HangeH obpaboTuUKK.

Ecnn obpabotynk He cMor NOMHOCTLI0 06paboTaTb UCKITIOYEHNE, TO MOXHO
NMOBTOPHO CreHepupoBaTb UCKIOYEHNE BHYTPKN 06paboTymka ¢ NOMOLLbIO
orneparopa

throw;

[TlpoBepka Ha cooTBETCTBME TUMa 0bbEKTa U 0bpaboTynKa BbINONMHAETCS B
nopsaake nepedncneHnss oopaboTymkoB, NOITOMY 06pPabOTUMKKM ANS UCKNIOYEHNN
NPON3BOAHLIX KIAacCoB AOMKHbI ObITb YKa3aHbl 40 06paboTymkoB 6a30BbIX
krnaccoB. CambIM nocnegHnm obpabotynkom B Habope MOXET ObITb YKasaH
catch (...), KOTOpPbIN NepexBaTbiBaAET BCE UCKMNOYeHUs1. Takon obpaboTynk

MO>HO MCMOb30BaTh AN KOPPEKTHOIO OCBODOXAEHNSA PECYPCOB:



int g(int n)

{
int * a;
a=new int[n];
try
{ //

}
catch(...)

{ delete[] a;
throw;

}
delete|] a;

Crneunpurkanusa UCKJIKYCHUN B 3ar0J10BKe QyHKIIUU

Bo3Bpat nckno4yeHns — 3To anbTepHaTUBHbLIA BapuaHT Bo3BpaTa pesynsrarta us
byHKLUMM, obnacTb 3HaYeHUst PYHKLUKN NPY 3TOM PacLUMPSAETCS HOBbIM TUMOM. Tun
pes3ynbTata yKkasbiBaeTcsi B 3arofioBke OyHKLUUK, aHanorM4yHo AomkHa bbiTb
BO3MOXHOCTb yKa3aTb TUN anbkTepHaTMBHOIO pesynbrarta. [1ns 3Toro B 3arofnoBke
yHKLMM Nocne cnucka NnapaMeTpoB yKa3biBaeTCs pe3epBMPOBaHHOE CIOBO



throw CO CINCKOM TUMOB UCKINIOYEHUN B cCKOBKax. o ymonyaHuio pyHKLmA
MOXET BEPHYTb UCKITHOYEHNE nobdoro Tuna.

void f(); // uckigoueHue JOOOTO THUIA

void f () throw(); // HUKAKUX MUCKJIIOUESHUN

void f () throw(bad alloc,io error); // TOJBKO MUCKIIOUEHUS
bad alloc, 10 error M NPOM3BOOHEIX OT HMX KJIACCOB

Ecnn dyHKUMA nonbiTaeTca BEPHYTb HENPEOYCMOTPEHHOE UCKITIOYEHNE, TO
BbI3bIBaeTCA (PYHKUNSA unexpected, KOTOpaAsa NO YMOMYaHMUIO NbITAETCA CO3aaTb

UckrnoyeHne bad exception. MOXHO 3agaTb Apyroe AeNUCTBME C MOMOLLbIO
PyHKUMU set unexpected. EcnM bad exception HET B cnvcke AONYCTUMbIX
NCKITHOYEHUN, Bbl3blBaeTCA PYHKUMA terminate.

PekomeHayeTcs, YToObl AECTPYKTOP HE BO3BpaLLan UCKITIOYEHUN, TakK Kak
OECTPYKTOPbI Bbi3bIBAOTCSA NPU PACKPYTKE CTEKa U BO3HUKHOBEHNE UCKMIOYEHUN B
9TOT MOMEHT NMPUBEAET K BbI3OBY terminate U aBapUMHOMY 3aBEPLUEHNIO

nporpamMmmeil.



7. STL

OO01ue cBe1eHusa

Standard Template Library — 910 Habop KnaccoB W anropMtMoB, BXOOALWMX B
cTaHaapT s3blka C++. [0TOBblE CTPYKTYPbI AAHHbLIX U anropuTMel N3 6ubnmoTekn
NO3BOSIAKOT YCKOPWUTb HanuMcaHuve nporpamm, YTO OYEHb BaXXHO B YCNOBUAX
COpPEeBHOBAHUN,

BcnomorarejbHble KOMIIOHEHTBI

B 3aronoBodyHOM dhanne <utility> onpegeneHbl wabnoHbl QYHKUMKW ONS
operator!= U3 operator== U operator>, <=, >= U3 operator< (Ond
MCnonb3oBaHMs WabnoHoB HanNncaTb using namespace std::rel ops;).

Takxke <utility> BkntovaetT wabnoH knacca Aans pasHOPOAHbIX Map 3Ha4YeHun
pair<T1l,T2>. [lnga aTOoro tTuna onpeneneHsl onepaunn == un <. [lna cosgaHusd

napbl UCnonb3yeTca PYHKUNA make pair (5, 3.1415926).

DyHKUMOHArNbHbIE  OObEKTbl — 39TO OOBEKTbl, ANf1IA  KOTOPbIX Onpeaesréx
operator (). OHU BaxHbl ANA 3dPMEKTUBHOIO UCMONb30BaHUA 6ubnunotekn. B
MecTax, rge oXwmaaercsa nepepada ykasaTena Ha (PYHKUMIO anropuTMUYECKOMY
lWabnoHy, WHTEpPdENC YCTaHOBIEH Ha MNPMEM O0ObeKkTa C ornpeaeriéHHbIM



operator (). OTO HE TOMbKO 3aCTaBnNsSET anropuTMmUYeckne WwabnoHsl padboTaTtb

C yKasatenamMmun Ha yHKLUUM, HO Takke No3sonseT M paboTtaTb C NPON3BOSIbHLIMU
dyHKUMOHaNbHbIMN 00bekTamn. Wcnonb3oBaHue QYHKUMOHANbHbLIX OOBLEKTOB
BMecTe C wabnoHamMn QYHKUMWA YBENMUMYMBAET BblPa3uUTENbHYD MOLLHOCTb
OMbnmMoTekn Takke, Kak Oenaet pesynsTypylowmnn kog 6bonee adpeKTUBHBIM.
Hanpumep, ecnn Mbl XOTUM MO3SIEMEHTHO CIIOXUTb [Ba BeKTopa a U b,

cogepxawmne double, K NOMECTUTb pPe3yrbTaTt B a, Mbl MOXEM cAenaTtb 3TO Tak:

transform(a.begin(), a.end(), b.begin(), a.begin(),
plus<double> () ) ;

B 3aronosBodHOM panne <functional> onpegeneHbl QyHKUMOHANLI plus,
minus, times, divides, modulus, negate, equal to,
not equal to, less, greater, less equal, greater_eqaal,
logical or, logical and, logical not. [lonb3oBaTenb  MOXeET
Npon3BoAUTbL CBOW (PyHKUMOHanbl, Hacnegysa oOT unary function<TArg,
TRez> W binary function<TArgl, TArg2, Trez> W onpegensas
operator (). MOXHO npeBpawarb OuHaApHbIE @YHKUMOHANbI B YHapHble C
NOMOLLbIO CBA3blBaTENEN bindlst M bind2nd, 3aMeHAKOLWMX COOTBETCTBYOLLNM
apryMeHT Ha KOHCTaHTY: bind2nd (less<int> (), 40) (3Ha4yeHne MeHbLue 40).



Hreparopsl

Y BCex KOHTEMHEpPHbIX KIacCoB onpeaerieHbl utepartopbl (aHanor ykasartens),
no3Bonstowme rnonyyYnTb AOCTYyN K OTAENbHbIM 3rieMeHTaM: KJIACC: :iterator,
KJIACC: :const iterator, KJIACC: :reverse iterator,

KHACC::const_reverse_iterator (const ecrim He XOTUM WU3MEHATb
3Ha4YeHusd, reverse €ClK OT KOHLA K Ha4vany)

HauanbHbIM nTepaTtop KoOHTeNHepa: v.begin () v.rbegin ()
KoHeuHbI ntepartop: v.end () v.rend/()
K ntepatopam npumeHumbl onepauumn ++ n --, a ndoraa $+n, $—n

vector<double> v (100);

for (vector<double>::iterator 1v=v.begin();iv!=v.end();++1iv)
*1v=0.5;

[1na cpaBHEHUA:

double v[100];

for (double *iv=v;1v!=v+100;++1iv)
*1v=0.5;



AJITOPUTMBI

Bce wabnoHHble anroputMmbl paboTaloT HE TONbKO CO CTPYKTypaMu AaHHbIX B
BnbnmnoTeke, HO Takke U C BCTPOEHHLIMU CTPYKTYypamMu aaHHbiXx C++. Hanpumep,
BCE anropnTmbl paboTatoT C OObIYHBIMUY YKa3aTEeNsSIMM.

Obpabomka ckarnsipHbIX 3Ha4eHUU

max (a, b) MakCcuMalsibHOe 3Ha4YeHune
min (a,b) MWHUMAITbHOE 3Ha4YeHne
swap (a, b) obmeH

Obpabomka rnnocredosamesibHocmeu

max_element (first, last) 3HayeHMe MaKcMmanbHOro arnemeHTa Habopa
min_element (first, last) 3HayeHMe MUHMMArbLHOIO aremeHTa Habopa
find(first, last,value) noOMCK NEPBOro arieMeHTa, paBHoro value

Find if (First,last, fun) HOVICKMEPBOrO dNeMeHTa, ANls KOTOPOro
- fun(x)==true
count (first, last,value) noAcyeT KONMYeCTBa ANEMEHTOB, paBHbIX value

count if (first, last, NOACYET KONMYeCTBa 3NEMEHTOB, A1 KOTOPbIX
fun) fun(x)==true
search (firstl, lastl, NOUCK BXOXOEHUA nognocrenoBaTernbHOCTH,

first2, last?2) 3apgaHHon ntepatopamu (first2,last2)



search n(firstl,lastl,
n,value)

copy(first, last,where)

transform(first, last,
where, fun)

transform(firstl, lastl,
first2,where, fun)

fill(first, last,value)
fill n(where,n,value)

generate (first, last,
fun)

generate n(where,n, fun)

random shuffle(first,
last)

NOWCK NognocrneanoBaTenibHOCTU U3 N 3HAYEHUI
value

KonupoBaHue rnocnegosaTenbHOCTU B where
npeobpas3oBaHMe 3rIEMEHTOB
nocrnegoBaTenbHOCTM C MOMOLLbIO
dyHKUMOHanbLHOro obvekta (dpyHkuumn) fun
npeobpasoBaHMe 3AIEMEHTOB ABYX

nocrneanoBaTeNbHOCTEMN,

HanpumMep, CyMMMpoBaHWE OBYX BEKTOPOB a u b:
vector<int> a(n),b(n),c(n);
transform(a.begin(),a.end(),
b.begin(),b.end(),c.begin(),plus<int> ()

3anosyiHeHue 3HadyeHmnem value
3anucartb N 3Ha4YeHun value

3arnosfHeHne pesyrstatoM PyHKUMOHAaNNbHOro
obbekTa (yHKkunm) fun()

3anucatb N pe3ynbTaTtoB PYHKLMOHANbLHOro
obbekTa (PpyHKUnKn) fun()

nepemMmeluimnBaHmne



remove (first, last,
value)

remove 1f (first, last,
fun)
remove copy (first, last,
where,value)
remove copy 1f(first,
last, where, fun)
replace(first, last,
oldvalue, newvalue)
replace 1f(first, last,
fun, newvalue)

replace copy(first,
last,where,oldvalue,
newvalue)

yaarneHne anemMeHToB, paBHbIX value,
BO3BpallaeTcsa ntepaTop Ha KOHeL, HOBOW
nocrnenoBaTenbHOCTY

Hanpumep, yaaneHune scex 0O:
a.erase(a.remove (a.begin(),

a.end(),0),a.end())

yOarieHme anemMeHToB, Ans Kotopbix fun(x)==true

KOMnMpoBaHMe 3J1IiEMEHTOB, HE PABHbIX value

KONMpOBaHME 3fIEMEHTOB, AN KOTOPbIX
fun(x)==false

3aMeHa 3neMeHTOoB, paBHbIX oldvalue Ha
newvalue

3aMeHa anemMeHToB, and Kotopbix fun(x)==true
Ha newvalue

KONMpoBaHME C 3aMEHOU



replace copy if(first,
last,where, fun,
newvalue)

reverse (first, last)
reverse copy(first,
last, where)
rotate(first,middle, las
t)

rotate copy(first,
middle, last,where)
partition(first, last,
fun)

stable partition(first,
last, fun)

next permutation(first,
last)

KONMpoBaHMe C 3aMeEHOU

N3MEHEeHMEe NnopsaaKka ANeMeHTOB Ha 0OpaTHbIN
KOnnmpoBaHne B 06paTHOM nopsiake

LUKNNYECKN casur, anemeHT *middle
CTAHOBUTCHA MeEpPBbLIM

KornmpoBaHuWe ¢ UMKInM4eCcknMm caBmrom

nepemMeLleHne 3rIEMEHTOB, A9 KOTOPbIX
fun(x)==true, B Ha4ano nocrnenoBaTenbHOCTU

nepemMeLleHne 3NIEMEHTOB, A8 KOTOPbIX
fun(x)==true, B Ha4ano nocnegoBaTenbLHOCTU C
COXpaHeHMeM nopsagka B UCXOOHOW
nocnegoBaTenbHOCTHU

crneaywoLasl nepectaHoBKa,

Bo3BpaluaeTcq false, ecnu crniegytoulen
NepecTaHOBKN HEe CYyLLLEeCTBYET



prev permutation(first,
last)

accumulate (first, last,
init, fun=plus{())

npeablayLwas nepectaHoBKa

noacyeT CyMMbl 3fIEMEHTOB,
MOXXHO BMECTO CITIOXKEHUS yKasaTb APYryto
BUHapPHY0 QYHKLNIO

Copmuposka u obpabomka yropsaido4eHHbIx rnocriedogamerisHocmedl, MHOXecma
(yrnopsido4yeHHbIX rnocriedogamerisHocmeu 6e3 rnosmopeHud)

sort (first, last)

stable sort (first, last)

unique (first, last)

unique copy (first, last,
where)

merge (firstl, lastl,
first2,last2,where)
binary search(first, last
value)

COpPTUPOBKA rnocrenoBaTeribHOCTU

COPTMPOBKa C COXpaHEeHneM rnopsiaka
9rNeMEHTOB C paBHbIM KMO4YOM

yaanuTb NOBTOPEHUS SNIEMEHTOB,
BO3BpaLLlaeTcs UTepaTtop Ha KOHeL, HOBOW
nocnenoBaTenbHOCTH

KonnpoBaHue 0e3 NoBTOPEHUN

crindaHmne

4

NnpoBepKa Halimtvyn4d 3Ha4eHn4 value



lower bound(first, last,
value)

upper bound(first, last,
value)

includes (firstl, lastl,
first2,last?2)

set intersection(firstl,
lastl, first2, last?2, where)
set difference(firstl,
lastl, first2, last?2, where)
set symmetric difference (
firstl, lastl,
first2,last2, where)

set union(firstl, lastl,
first2,last2,where)

MOUCK NepBON NO3ULINK A1 BCTaBKM
3HavYeHns
NOUCK nocneaHen NosnLmnm ans BCTaBKU

3Ha4YEeHNA
Hanpmnmep, NnogcyHeT KoJin4ectBa 3AIreEMEHTOB,

PaBHbLIX V.

int k= upper bound(a.begin(),a.end(),v) -
lower bound(a.begin(),a.end(),Vv);

npoBepka, 4To MHoXecTBo (first2,last2)

ABMNAETCA NOAMHOXECTBOM MHOXECTBa
(first1,last1)

nepece4eHne MHOXecCTB

PA3HOCTb MHOXECTB

CMMMETPU4eCKad pa3HOCTb MHOXXECTB

obbeanHeHne MHOXEeCTB



Paboma c Ky4eu
co3aaTb Ky4y U3 9NleMEHTOB
nocregoBaTernibHOCTHU
0obaBuTb 3HadeHue *(last-1) k kyde
push heap (first, last) (first, last-1), nocne BbINOSIHEHUS KyYa CTAHET
(first,last)
yaoanutb Handorbllee 3Ha4YEHUE U3 Ky4n
pop heap (first,last) (firstlast) n nomectnts ero B *(last-1), nocne
BbIMOSTHEHNS Ky4va cTaHeT (first,last-1)
npeBpaTUTL Kydy B YNOPALOYEHHYIO
nocriegoBaTenbHOCTb
[na aprymeHTa where MOXXHO UCnosib3oBaTb NMBO ntepatop (ykasaternb) Ha
Hayarno KoHTelnHepa AoCTaTo4HOoro pa3mMepa, nnbo back inserter (s),
KOTOPbIN BO3BpaLlaeT 4o0b6aBnsawoLwWmnm urepatop Ansa KOHTEMHepa S.

make heap (first, last)

sort heap(first, last)


http://ru.wikipedia.org/wiki/%D0%9A%D1%83%D1%87%D0%B0_(%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85)

Kuaacc vector

vector — BWUO NocCnenoBaTersibHOCTU, KOTOpad nogdepXmBaet wUTepaTopbl

NPON3BOSIBHOrO AO0CTyNa, OH MoadepXuBaeT ornepaumm BCTaBKM U yOarieHMsa B
KOHUE C MOCTOAHHbIM BPEMEHeM; BCTaBKa W yaarneHue B cepeguHe 3aHUMaroT
NIMHENHoe BpeMS.

Co3naHue:

vector<int> a; // 0 s1eMeHTOB
vector<double> b (10); //10 s1eMeHTOB
vector<double> ¢ (10,0.0); //10 mneMeHTOB, HauaJIbHOE BHaUeHUE

0

[locTyn K anemeHTam:

b[0]=c[4]; // ©Ge3 npoBepkKu
b.at(0)=c.at(4); // c HNpoBepKOM BHXOIA 3a I'PaHMULEL

c.back()=b.front (); // nocrmemuuir m nepsBElt BJEMEHTH (SMYyJALUS CTeKa)

Tekywinm pasmep: c.size ()
[Tpn HEOBXOAMMOCTU MOXHO U3MEHATL pasMep:
a.resize (100) ;



b.resize (200,2.0); // BCceM HOBHM 3JIeMEeHTAaM NPUCBOUTL 2.0
a.clear(); // onsartbp 0 BJEeMEeHTOB

[lobaBnaTbL HOBOE 3Ha4YeHue B KoHel: c.push back (1.5);

Yaanate nocnegHee 3HadyeHune: c.pop back () ;

BcTaBka B cepeauHy:

c.lnsert (c.begin () +pos,1.5);

c.insert (c.begin()+pos,5,1.5); // 5 3HaueHun’

c.lnsert (c.begin () +pos,b,begin(),b.end()); // us mpyroro BekTopa

YoaneHue n3 cepeauHel.

c.erase(c.begin () +pos);
c.erase(c.begin()+pos,c.end());// Bce mJeMeHTH C POS IO KOHLA

[1na noBbilweHnsa adpPeKTUBHOCTN onepauun NsMeHeHUs pasmepa MOXHO
3apesepBupoBaThb NamMAaTb: c.reserve (100) ;

PaboTaloT onepauun cpaBHeEHUS (B NNEKCMKOrpadpmniyeckomM nopsake) u
npucBanBaHue.

3amevaHue: vector<bool> XpaHUT OUTbI yNakoBaHO, NO3TOMY HEmMb3s NOMYyYnTb
agpec anemMeHTa



Kuaacc string

Co3naHue:

string a; string b ("cTpoka");
[nnHa cTpokn: b.length () MM b.size ()
CuenneHue:

a="TexcT"; a=a+tb; at+=b; at+='!";

ObpauwieHre K cumBonam: a[i]l=b[J]; a.at(i)="A";

[logcTpoka: a.substr (pos,n) — AJIMHOWU n CUMBOJIOB, HA4YMHas C pos,
a.substr (pos) — 00 KOHUA CTPOKU

Ctpoka Cu: a.c str ()

BctaBka: a.insert (pos, b) ;

YnaneHuve: a.erase (pos,n) —n CUMBOMNOB, a.erase (pos) — A0 KOHUa

CTPOKMN, a.clear () — BCEN CTPOKU
3amMeHa: a.replace (pos,n, b) ;
[Townck:

size type i=a.find(b); // nepBOoro BXOXOEHMA MNOIACTPOKM
i=a.find('A'"); // wnu cumMmBOJa
i=a.rfind(b); // nmociemHero BXOXIEHUS



1=a.rfind('A'");

BTopbiM apryMmeHToOM (PYHKLUMN MOXHO yKa3aTb HadaribHYH No3nunto noucka.
Beopg cTpoku:

getline (cin, s);

getline(cin,s, '\n"'");

AccoMaTUBHbIC KOHTEHHEPHI

set — 3TO accouuaTUBHbLIN KOHTEWHEP, KOTOPbLIA MNoO4epXMBAET YHWUKalbHbIEe

KITHO4UA (He coaepXnTt KI4Yn C OAUHAKOBbIMU 3Ha‘-IeHI/IS:|MI/I) n obecneymBaet
ObICTPLIN NOUCK KIHOYen

set<int> s;

s.insert (5); // nmoBaBuTh 3HaAUEHUE

s.erase(5); // ymanuTes BHaAUeHUE

s.erase(s.begin()); // ymanurh IEpPBHI

if(s.find(5) !=s.end()) // 3HaueHMe HANIEHO

multiset OONYCKAET MHOXECTBEHHbIE KOMUU TOMO XXe CaMoro 3Ha4eHUsa Krirua,

Ona  HaxoXaeHuda rpaHuy,  MOXHO MUCnonb3oBaTb s.upper bound(S) W
s.lower bound(5)



map — aCCouMaTUBHbLIN KOHTENHEP, KOTOPbIW NOAAEPKMBAET YHUKATNbHbLIE KITHOYN U
obecne4ynBaet 6bICprIl7I NOUCK 3HAYEeHUN Apyroro tmna T, CBA3aHHbLIX C KIMHo4YaMW.
NTepatop B crnyyae map 4BMsETCA «ykKasaTenem» Ha pair<const
Kniod,3HaveHne>

map<int,string> m;

m[5]="Texct"; // mDOoCTYyI IO KJIOUY

s.insert (make pair(5,string(«rexcT»)); // mnoOaBUTb 3HaUYEHUE
s.erase(5); // ymanurTes SHaUeHUE

s.erase(s.begin()); // ymanuTb NEepPBHM

if(m.find(5) !=m.end()) // BHaueHMe HaAMOEHO

multimap OONYCKAET MHOXECTBEHHbIE KOMUWU TOro >Xe CaMoro 3Ha4YeHusa Krouda,

Ana  HaxoXaeHuda rpaHuy,  MOXHO MCnonb3oBaTb m.upper bound(S) W
m.lower bound(5)

IIpouyue Kiaaccol
bitset<100> b; // BexTop m3 100 OmTOB

[onycTuMbl BCe nopaspsgHble onepaumm & | << >> ~ ~
BbICTPLIN NOACHET €eANHNYHBIX BUTOB: b . count ()



[MpoBepka 6BUTOB: b.any () — XoTs 6bl oanH OUT paBeH 1, b.none () — BCe BUTHI
paBHbl 0, b.test (1) — CcOCTOsIHME i-r0 BuTa

YcTtaHoBka OMTOB: b.set () —Bce OUTbIB 1, b.set (i) —i-nour s 1,
b.reset () —Bce OUTbIB0, b.reset (1) —i-n6UTBO, b.set (1,val) —i-K
out B val

Onepauus nHgekcaumm b [ i ] No3BONsIET NPOBEPUTL N YCTAHOBUTbL i-i1 OUT.

deque<int> d; // OBYXCTOpPOHSS ouepelb

list<int> 1; // cnucoxk

stack<double> s; // crek

queue<double> p; // odepens

priority queue<double> p; // oduepenbp C NpPMOPUTETAMM
valarray<double> v (100); // umciaoBOM MacCCHUB, OIpeIeJieHEH
onepauuu + - * / u T.1O.



IToTouHBIE KJIACCHI

[TOTOYHbIE KNacCbl istream W ostream NOMAy4YalTCA WHCTAHLUMPOBAHUEM
KnaccoB-wabnoHoB Anga Tuna char:

typedef basic ostream<char> ostream; // OObl4HbIE CUMBOMbI

typedef Dbasic ostream<wchar t> wostream; // LWNPOKNE CUMBOSbI
(Hanpumep, Unicode)

ﬂ,J'IFl HerOpMaTI/IpOBaHHOFO BBOAa U BbIBOOaA yD,O6HO NCNoNb30BaTb OOBLEKTbI cin
M cout, HO nNpM HeobXxoaMMOCTM YynpaBnATb OopMaTUPOBaAHMEM MpPOLLE
BOCMoOSib3oBaTbCA printf U scant.

BbiBoAg ¢ noMowbo printf (4Ns cpaBHEHUSA)

// BEIBOI LleJIOTO YucCJila B MeCTHaOULATUPMYHOM BMIEe C BeOyWVMM HYJIAMU
int x=123;

printf ("$08X\n", x) ;

// BHBOI BEmECTBEHHOTO UYMCJIA B I[IOJIE uypmuHoM 10 ¢ 2 OeCATMYHEIMM SBHaKaMU
double f=12.3;

printf ("%$10.21f\n", f);



YnpaBneHune chopmaTpoBaHMeM C NOMOLLLIO METOAOB NOTOUYHbLIX KNaccoB

MeTton Ha3Ha4dyeHue
YnpaeneHue chopmamupo8aHUemM
yCTaHOBKa HerpynnosbIX ¢oriaros

setf (flag)
dopmaTmpoBaHug
setf (flag, group) ycTaHoBKa donara 13 rpynnbol
unsetf (flag) cOpoc HerpynnosbIX doriaros
fmtflags flags() TeKyLine dnaru
yCTaHOBKa MMHMMAIIbHOMN LWWUPWUHBI NMONS,
width (int) nocrie BbiBO4A 3HAYEHUA LUMPUHA Nongd
cOpacbiBaetcsd Ha 0
int width () TeKyLasa WwWnpnHa nons
yCTaHOBKa MakCMManbHOro Konm4yecrsa
precision (int) OEeCATUYHbIX 3HAKOB A9 BbIBOOA BELLECTBEHHbIX
yucen, No ymonyaHuo — 6
int precision () TeKyLlasa TOYHOCTb
£i11 (char) yCTaHOBKa CMMBOJSIa 3anosfiHEeHUS

no ymonyaHuwo — "'
int fill() TEeKYLW M CUMBOI 3arnonHeHns



[posepka u ycmaHo8Ka COCMOSIHUST

bool good()

bool eof ()
bool fail ()

clear ()

clear (i1os::failbit)
[TocumeosribHbIU 8600-8b1800

put (char)
write (char* buf,
flush ()

get (charé&)
int get ()
read (char* buf,

int peek()

putback (char)

int n)

int n)

true, ecnu owMBOOK He ObINo

true, npun BbINONHEHUM NOCNeaHero Beoaa obin
oOHapyXeH KoHel, hanna

true, Nnpu BbINONHEHUN NocneaHero BBoga obina
owmnbka BBOAA-BbIBOAA

OYMUCTUTb COCTOSIHME OLLUMOKM ANSA NPOAOIHKEHUS
BBOAA

YCTaHOBUTb COCTOAHNE oLLNBKN

BbIBO, CMMBOSIa
BbIBOA, N CMMBOJSIOB
3anucatb MHopmaumo n3 bydepa Ha anck

BBOJ CMMBOJa

BBO N CMMBOJIOB

NOACMOTPETL CreayoLwWwmnin CUMBOS, AN KoHua
doanna so3Bpaulaetcs EOF

BEPHYTb CMMBOJ1 B NOTOK



[lo3uyuoHuposaHue 8 ¢haurie

pos type tellg() NONMYYNUTb TEKYLLYIO MO3ULMUI0 YTEHUA
seekg (pos type)
seekg(offitype,seek_dir)
pos_type tellp() NOMYyYnUTb TEKYLLYIO NO3NLMIO 3anmncu
seekp (pos type)
seekp(offitype,seek_dir)

OmkKpbimue u 3akpbimue ¢pausios (Krnaccel ifstream, ofstream, fstream)

YCTaHOBUTb NMO3NLUNIKO YTEHNA

YCTaHOBUTb NMO3NLUNIO 3arimcu

open (char *name) OTKPbITb (hann, rae mode KOMOUHMpPYETCH U3
open (char *name, mode) donaros in, out, app, ate, trunc, binary
close () 3aKpbITb paunn

[pynnbl n orarn onpeneneHsl B 6a30BOM Knacce ios

dnar 3HavyeHne

[pyrnna basefield— cucmema cyUCrIeHUs O UerbiX qYucerst
dec agecaTunyHasa

oct BOCbMEPUNYHaA

hex LlecTHaguarepu4yHas



[pynna floatfield— ¢popmam ripedcmaerieHuUsi OJis 8eW,eCmMeeHHbIX YUCes

fixed C (PUKCNPOBaAHHOU TOYKOW

scientific B 9KCMNOHEeHUManbHon gpopme

[pyrina adjustfield— 8blpagHuUBaHuUe 8 rosie 8bleoda
right BNpaBo

left BNeBO

internal 3HaK Yucna — cresa, 3Ha4yeHue — crnpasa

bes epynnbi

BbIBOAUTb O0x Nepeq wecTHaguaTepuyHbiMu 1 0 nepea
BOCbMEPUYHBbIMU YnCnamm

showpoint BCerga BbIBOAUTL . U APOBHYI0 YacTb
BbIBOAUTL LLeCTHaauaTepuyHblie umdpbl 1 E B

showbase

uppercase
BELLECTBEHHbLIX YMCMaxX B BEPXHEM perncrpe
showpos BbIBOAUTb 3HAK Yncna Anst nornoXuternbHbIX YMCen
boolalpha BbIBOOUTb 3HAa4YeHusa bool kak true u false
Skipws UrHopupoBaHune npobdenos rnNpu BBOJE CMMBOJSIOB C MOMOLLbIO

onepauum >>



// BHIBOI LEJIOTO UMCJIa B MEeCTHAILATUPUUYHOM BMIE C BeIYyUMMM HYJISMU
int x=123;

cout.setf (ios::hex,10s::basefield);

cout.setf (10s::uppercase);

cout.width (8);

cout.fill ('0");

cout<<x<<"\n";

cout.fill (" ");

// BHIBOI BEUECTBEHHOTO uUMCJla B noJjie mupuHoM 10 Cc 2 IecaTUUHBIMM 3HAKAMU
double f=12.3;

cout.setf(ios::fixed,ios::floatfield);

cout.setf (10s::showpoint);

cout.width (10) ;

cout.precision (2);

cout<<f<<"\n";



YnpaBneHue ¢popmaTupoBaHueM C MOMOLLbLID MAaHUMNYNATOPOB U3 <iomanip>

MaHunnynatop
setw (w)

setprecision (p)

setfill (c)
flush

endl

dec oct hex
right left internal
fixed scientific

showbase noshowbase
showpoint noshowpoint
showpos noshowpos

Ha3HadyeHune
yCTaHOBKa LWMPUHbI MNOoN4a BbiBOAA

YCTaHOBKa KoJin4ecTBa AECATUYHbIX 3HAKOB
A514 BblBOAaA BeWEeCTBEHHbIX HNCET]

yCTaHOBKa CMMBOJSIa 3anosfiHEHNS
3anucatb nHopmaumio n3 bydepa Ha guck

BbIBECTU Nepexo Ha HOBYHO CTPOKY, a 3aTeM
BbINOJIHUTb f1ush

BbIOOP CUCTEMbI CHUCTIEHUS ANS LENbIX YNCEn
BbipaBHMBAHWE B rMorie BbIBOAA
dopmaT npeacTaBneHns Ans BeWeCTBEHHbIX YNCEN

yCTaHOBKa 1 COpPOC COOTBETCTBYHOLLNX doriaros
doopmaTtupoBaHugd



[Tone3HbIl coeem

Ncnonb3oBaHue endl CyLLEeCTBEHHO 3aMeasisieT paboTy nporpamMmbl, Tak Kak ang
KaXXOOW CTPOKM BbIMOMNHAETCA NPUHYOUTENbHLIM BbiBOA4 Oydepa B dann (310

NOfe3HO TOSbKO ANA BeAeHUs nora AencTBum nporpammel). [loaTtomy BMeCTO
endl nyywe ucnosnb3oBatb '\n' unm "\n".

// BEBOI LEJIOTO 4YMCJjia B HMeCTHAIOUATUPUUHOM BMIE C BeIYIMMMU
HYJISIMU

int x=123;
cout<<hex<<uppercase<<setw (8)<<setfi1ll ('0')<<x<<setfill ('
') <<"\n";

// BEBOI BEIECTBEHHOTO uMCJia B noJjie mmpuHoM 10 ¢ 2
IeCcAaTUUHBIMM 3HaKaMU

double f=12.3;

cout<<fixed<<showpoint<<setw (10)<<setprecision (2)<<f<<"\n";



YnpaeneHue chopmatupoBaHmem ¢ nomoubio Krnacca format ns 6Mbnmorteku
boost

// BHIBOI LEJIOTO UMCJIa B MECTHAOLUATVMPUUYHOM BUIE C BeIYIUMMY HYJIIMU
int x=123;
cout<<format ("%$08X\n") $x;

// BHIBOI BEUECTBEHHOTO uMCJla B noJjie mupuHoM 10 Cc 2 IecaTUUHBIMM 3HAKAMU

double f=12.3;
cout<<format ("%$10.2f\n") %f;

YnpaBneHue dopmaTupoBaHuem c NOMOLLbLIO COOCTBEHHbIX
MaHUNYNATOPOB

// TlpuMep MaHUIIYJIATOPA OJIS BEUEeCTBEHHBIX UMCeJ
struct fmt f {
int w,p;
fmt f(int w=0, int p=6):w(w),p(p) {}
i
ostream& operator<<(ostreamé& s, fmt f f)
{ s.width(f.w);
s.£111(" ") ;
.setf(ios::fixed, 10s::floatfield);

S
s.precision(f.p);


http://www.boost.org/

if (£.p>0)
s.setf(i1os::showpoint);
else
s.unsetf (10s::showpoint) ;
return s;
}
// BEIBOI BeEUIEeCTBEHHOI'O UMCJia
double f=12.3;
// printf ("%10.2f\n", f);
cout<<fmt £ (10,2)<<E<<"\n";
// printf ("%10.0f\n", f);
cout<<fmt £(10,0)<<£<<"\n";
// printf ("%$10f\n", f);
cout<<fmt £ (10)<<£<<"\n";
// printf ("%f\n", f);
cout<<fmt f ()<<£<<"\n";



IIpumepsl perieHun 3a1a4
Bengep-napnameHnTep (map, vector, partial sort)

#include <map>
#include <algorithm>
#include <functional>
#include <string>
#include <cstdio>
#include <cctype>
#include <vector>
using namespace std;

typedef map<string, int> mapl;
typedef mapl::value type mvall;
typedef const mvall *pvall;
struct word less: public binary function<pvall, pvall, bool>
{
bool operator () (const pvall vl, const pvall v2)
{ 1f(vl->second<v2->second) return false;
if (vl->second>v2->second) return true;
if (vl->first.length()>v2->first.length()) return true;


http://ipc.susu.ac.ru/workplace-2.html?problem=146

if(vl->first.length()<v2->first.length()) return false;
return vl->first<v’2->first;

}

b

struct copy val: public unary function<mvall,pvall> {
pvall operator () (const mvall &vl)
{ return &vl;

}
I

vector<pvall> words;
mapl ml;

int main ()
{ int 1,ch;
string s;
while ( (ch=getchar ()) !=EOF)
{ 1f (1isalpha(ch))
s+=tolower (ch) ;
else
{ 1f(s.length()>0)



++ml [s];
s.clear () ;

}
}

transform(ml.begin(),ml.end(),back inserter (words), copy va

1))

partial sort (words.begin(),words.begin ()

+10,words.end () ,word less());
for (i=0;1<10;1i++)
printf ("$s\n",words[i]->first.c str());

return O;

Collection of Postage Stamps (bitset)

#include <iostream>
#include <bitset>
using namespace std;
bitset<1000001> b;
int main ()

{ int 1,k,v;



http://ipc.susu.ac.ru/workplace-2.html?problem=18

cin>>k;
b.reset () ;
b.set (0);
for (i=0; i<k;1++)
{ cin>>v;
b | =b<<v;
}
cout<<b.count () <<endl;
return O;

Cymma (vector, sort, upper bound)

#include <algorithm>

#include <iostream>

#include <vector>

using namespace std;

int main ()

{
int n,k,s,a,i,maxlen, item,p,newlen;
cin>>n>>k;


http://ipc.susu.ac.ru/workplace-2.html?problem=19

vector<pair<int,int> > sum(n+l);
sum[0]=make pair (0,0);
s=0;
for (i=1;1<=n;++1)
{ cin>>a;
s+=a;
sum[1]=make pair(s,1);
}
sort (sum.begin (), sum.end()) ;
item=maxlen=0;
for (1=0; 1<=n; i++)
{ 1£(1>0 && sum[i].first==sum[i-1].first) continue;

p=upper bound(sum.begin(),sum.end(),make pair(sum[i].fir
stt+k,n+1))-sum.begin () ;

if (p>0 && sum[p-1].first==sum[i].first+k &é&

(newlen=sum|[p-1].second-sum[1i] .second)>0)
{ 1f (maxlen<newlen)

{ maxlen=newlen;
item=sum|[i] .second+1;

}

else if (maxlen==newlen)



item=min (item, sum|[i] .second+1) ;

¥
cout<<item<<" "<<maxlen<<endl;

return 0;
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