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Meperpy3Ka onepauum
NeperpysKka 6MHapHOI onepauun
[Meperpy3sKa onepaymun 3To onpegeneHne onepaumm C TeM e UMeHeM, HO C APYrMMM TMNaMK NapameTpoB.
@ - 0603HaYeHNe BUHAPHOM oNepaLum B paMKax Kypca
CywectByet 2 cnocoba neperpysku onepauum

1.KaK pyHKUua-uneH
a.operator@(b)

2.Kak BHeWwHAAa PyHKUUA
operator@(a, b)

Peann3oBbiBaTb HEOHOXOAMMO OAUH U3 ABYX.
Mpu NonbITKe peann3oBaTb 06a BapMaHTa KOMMNUASATOP BblAACT OLLIMNOKY.



[eperpyska onepauun +=

class Date{
private:
void add_days(int n);

public:
void operator+= (int n) { // inline
add_days(n);
}
Iy

d+=7;
d.operator+=(7);
//d.add_days(7); private
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[leperpy3Kka onepawmnm cpaBHEHUA Ha PaBEHCTBO

class Date {
intd, m,y;

public:
//bool operator==(Date d1, Date d2) TMnn4Has owmnbKa

bool operator==(Date const & other) {
return d == other.d &&
m == otherm &&
y == other.y;
}
5,

Ecnn onepauma buHapHana n onpeaeneHa PyHKUNEN-YNEHOM , TO Y PYHKLUUMN BYAET OAUH apryMeHT.



Bbi30B ornepaunn CpaBHMUTb Ha PABEHCTBO

cout<<(a==b)<<endl;

3apaHue

MonpoboBaTtb y6paTb CKOOKM B onepaTope BbiBOAA B MOTOK
Heobxoammbl 1t OHKU?

B ntobom cnydyae o6 BbACHUTL, MoYemy.



[Teperpy3ka onepauumn = (KaKk BHELWHAA QYHKLMA)

class Date {
public:

friend bool operator!=(const Date &d1, const Date &d2) {
return |(d1==d2);
}
5,

KaKk Bngmum, ucnosb3oBaHme paHee OI'Ipe,EI,EI'IEHHOIZ onepaunn == no3BoNAeT He O6paLLI,aTbCﬂ K
BHYTPEHHUM NONAM K/Z1aCCa HAMNPAMYIO.

TaK Kak onuncaHHana ¢yHKuma asnsaeTca inline, n ecam n onepauua != Toxke inline, To B pesynbrtate byger
npounsBeaeHa cieayolasn 3aMeHa.

dl!=d2 ~ |(d1==d2) ~ |(d1.d == d2.d && d1.m == d2.m && d1l.y == d2.y)



[Teperpy3ka onepauumn = (KaK 4yneH Knacca)

class Date {
public:
bool operator!=(const Date &d2){
return [(*this==d2);

}
};
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OrpaHn4yeHmna neperpysKu

XoTa C++ No3BONAET NeperpyaTtb NOUYTHU BCe onepauunmn, 4ocTynHble B C++, BO3MOXKHOCTU NeperpysKu
OrpaHUYEHDbI.

B 4acTHOCTU, OTCYTCTBYET BO3MOXHOCTb USMEHEHUA NPUOPUTETA U/IN KOIMYECTBA ApryMeHTOB Y
onepauum.

KpOMe TOro, pekomeHayetcad He USMEeHATb CEMaHTUKY onepau,mﬁ.




APrymeHTbl NeperpyxeHHon onepaumm

KonnyecTtBo apryMeHTOB B CMIMCKE NEPErpyKEHHOM onepaLum 3aBUCUT OT ABYyX GaKTOPOB:
* KaTeropuu onepauumn — yHapHaa nam buHapHas;
* cnocoba onpegeneHus onepaunn — B Buae robanbHou (BHewHen) pyHKuUM (oanH

aprymeHT Aasa yHapHoOM, ABa — AN1A BUHapHbIX onepauuin) nam GyHKUMKU Knacca (419 YHapHbIX
onepaumin aprymeHTbl OTCYTCTBYIOT, A/11 BUMHApPHbIX onepaumin — oAUH aprymMmeHT).

Mpu onpeaeneHnn GpyHKUMKU-YNEHA Kacca 06beKT, 418 KOTOPOoro oHa byaeT BbI3bIBaTbCS, BCeraa
byneT eé neBbiM onepaHAOM.



[Tleperpy3ka onepauum BbIBOAA B MOTOK (UTEHMA M3 MOTOKA)

operator<<(>>)

DyHKUMA-YNEeH VS BHewHAA PyHKUMA



/* date.h */
class Date {
intd, m,y;
public:
// ...

friend ostream & operator<<(ostream & os, const Date & d);

};

/* date.cpp */

ostream & operator<<(ostream & os, const Date & d) {
os<<d.d<<''<<dm<<' ' <<dy<<"\n';
return os;

PyHKUMA operator<< Ao/iKHa BO3BPaALLATb CCbI/IKY Ha MNOJIyYEHHbIM OObEKT MOTOKA ANA A0NYCTUMOCTHU
Lenoyek Tmna
cout << dl << d2;

Onepauna YTeHMA N3 NOTOKa ONpeaenseTca aHaaorM4yHbiMm 06pa3om, TOIbKO BMeCTO ostream
ncnonb3lyetca istream.



bonee KOPOTKMM BapuaHT

T.K. operator<< HebosnbLION, TO ero nyyie caenatb inline. MNepeHecem peannsayuto B
3aro/1I0BOYHbIN dan.

/* date.h */
class Date {
intd, m,y;
public:
/] ..
friend ostream & operator<<(ostream & os, Date const & d){
return os<<d.d<<''<<dm<<''<<dy<<"\n";
}
Iy

Ecnau gpyr knacca onpeaeneH NpAMO B K/1acce, TO OH OCTAeTCA BHeWwHeN GYHKLUUEN U CTAHOBUTCS
inline.



[leperpy3ka apndmeTmnyeckmnx onepawmim

I_IYCTb @ € {+r wy *) /}

Ob6bI4HO onpeaenatoT napy GyHKUNN: operator@-=, operator@

B Takom cnyyae operator@= onpeaenaerca Kak PyHKUNA-YNEH,

a operator@ — WM Kak BHELWHAA PYHKUMA AN KaK YneH-PpyHKLUUA

Onepauusa @= Ha3biBaeTca npucsausaoweit opmoi onepauum @



[Teperpy3Kka apndmeTnyeckmx onepaumm knacca Biglnteger

class Biglnteger {
int data[1024];
public:
Biginteger & operator+=(const Biginteger & other) {
// Unkn no data: cymmunpoBaHme 1 nepeHoc
// Bo3Bpallaem ccbiky Ha cebs
return *this;

}
};

Biginteger operator+(Biginteger const & bil, Biginteger const & bi2) {

// GYHKUMA HEe MOXET BO3BpPaLLATb CCbIJIKY, MOTOMY YTO BO3BPaLLAET HOBbIN 0OBEKT
Biginteger res(bil); // konwua bil
res += bi2; // res xpaHuT bil + bi2
return res;

)



Ecnn coenatb operator+ Apy*KectBeHHOM

class Biglnteger {
int data[1024];
public:
Bigintiger & operator+=(Biginteger cons & other) {
// Unkn no data: cymmmnpoBaHme 1 nepeHoc
// Bo3Bpalllaem cCbiNKy Ha cebs
return *this;
}
friend Biglnteger operator+(Biginteger const & bil, Biginteger const & bi2){
// GYHKUMA HEe MOXET BO3BpPaLLATb CCbI/IKY, MOTOMY YTO BO3BPaLLAET HOBbI 0OBEKT
BigInteger res(bil);  // konwua bil
res += bi2; // res xpaHuT bil + bi2
return res;

}



Ecnv coenatb operator+ YneHoM Knacca

class Biglnteger {
int data[1024];
public:

Bigintiger & operator+=(Biginteger cons & other) {
// Unkn no data: cymmmnpoBaHme 1 nepeHoc

// Bo3Bpalliaem ccbiNKy Ha cebsn
return *this;

)

Biginteger operator+(Biginteger const & bi2);
Iy

Biginteger Biginteger::operator+(Biginteger const & bi2) {

//OYHKLMA HE MOXKeT BO3BPALLATb CCbI/IKY, MOTOMY YTO BO3BPALLAET HOBbIN OOBEKT
Biginteger res(*this); //konua Toro obbekTa, 419 KOTOPOTro Bbi3BaHa GYHKLUMA

res += bi2; //res xpaHuT bil + bi2

return res;



[leperpy3ka yHapHbIX onepaunn: @a ++a --a (obwmim cay4an)

MpeduKcHaa yHapHas onepaumna moxeTt bbiTb onpeaeneHa Asymsa cnocobamu:
* B BuAae PyHKUUM-YNEHa: a.operator@()

* B BWAE BHELWHEeN PYHKUNN: operator@(a)



Onepaunn ++d ana Knacca Date

class Date {
private:

void add_days(int a);
public:

// onpenenexme npedUKCHOro ++ MHKPEMEHTa
Date & operator++() {
add_days(1);
return *this;
}
Iy
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KaK pa3aenntb a++ n ++a ?

Mpun neperpy3ke NpePmUKCHOM U NOCTPMKCHOM YHAPHbIX onepaunin BCTaET BoNpoc 06 MHTepnpeTauum
3anucu Tuna operator@.

B 1998 roay anAa pasaeneHusn boin BBegeH GUKTUBHbBIA NapaMeTp Tuna int.



[TocTPMKCHaA yHapHaa onepaumna a@ a++ a--

MoctdpuKCcHaA yHapHaa onepauua TakxKe MoXeT bbiTb onpeaeneHa AByms cnocobamu:
* B BUAe PYHKUUM-Y/IEHA a.operator@(int)

* B BUWAE BHeWHeN PyHKUNU operator@(a, int)



Onepaunn d++ ana Knacca Date

class Date {
private:

void add_days(int a);
public:

// onpeneneHne NOCTPUKCHOTO ++ MHKPEMEHTa
// d++ Bo3BpallaeT 3HaYeHne 40 YBeIMYEHMs, 3HAaYUT BO3BPALLATb HYXKHO KOMWUIO, @ HE CCbIJIKY
Date operator++(int) {
Date d = *this;
//Date d = Date (*this);
add_days(1); // ~ ++(*this);
return d;
}
5



I++ VS ++i

N3-3a KonnpoBaHUA Bcero obveKkTa onepauma d++ bygeT BbINOHAETCA A0/blUe, NMO3TOMY
HaAao BbIbMpPaTb B Nonb3y ++d.

JTO0 BEPHO ANA CBOUX TUNOB, HO ANA BCTPOEHHbLIX TUMNOB KOMMUAATOP NMpPon3soanT
onTMMmm3auyunio.

B pesynbraTe 3anucu i++ 1 ++i, Hanpumep, ANs8 NepeMeHHbIX TUNa int, PaBHOLLEHHbI.



ABTOMATMUYeECKaA reHepaumnAd KOHCTPYKTOPA ROMNK

Konupytoume KOHCTPYKTOPbI HACTO/IbKO BarKHbl, YTO KOMMUAATOP aBTOMATUUYECKU reHepupyeT
KONUPYIOLWUNA KOHCTPYKTOP, €C/IN 3TOTO HE AeNaeT NPorpamMmmuncT.

TaKol aBTOMaTUUYECKM CO34aBaeMbl KOHCTPYKTOP KOMNU ABNAETCA KOHCTPYKTOPOM € NO6uTOoBbIM
KONMPOBAHUEM NepeMeHHbIX-4/1IEHOB Kaacca.

Takoe KONMUpoBadHUE Ha3biBae€TCA NOBEPXHOCTHbIM.



Tpw cny4vas, Koraa Bbi3biBaeTCA KOHCTPYKTOP KOMUK

HE KOHCTPYKTOP KOMNMUU

* fIBHOEe co34aHMe HOBOro o6beKTa-Konuu:
myvector myv3(mv1l); myvector mv2;
myvector myv2 = myvl; mv2=mvl;
// onepauua npucsanBaHmn
* BbIi30B pyHKUMM C Nnepegadyen napameTpa no 3Ha4YeHuto:

void f(myvector st) {/* ... */}
* Bo3BpaT 06beKTa N3 PyYHKLUMU MO 3HAYEHUIO:

myvector g() {/* ... return ...;*/}



Bonpoc: ckonbKo byaeT BbI3BAHO KOHCTPYKTOPOB KOMWUIA?

class myvector {

public:
Iy

myvector g() {
return myvector();

)

int main() {

ABHOe co3aaHne HOBOro 06beKTa-Konuu
myvector myvl = g();

| Bbi30B GYyHKLUUM C Nnepeaayven napameTpa no sHa4YeHuto
Bo3BpaTt 06beKkTa 13 GyHKLUUM NO 3HAYEHUIO



OTBeT:

class myvector {
3/1€Cb NPUCYTCTBYIOT c/ly4am 1 1 3 BbI30Ba KOHCTPYKTOPA KOMUMN,

pub“c; d 3HAYUT A0J/1XKHbl CO3aBaTbCA ABe KOMnn.

5

myvector g() {
return myvector();

} flBHOe co3AaHue HOBOro 06beKTa-Konum
Bbi30B DYHKLUMM C Nepeaayeit napameTpa no 3HAYEHMIO
int main() { Bo3BpaT 06beKTa U3 GYHKLMU NO 3HAYEHUIO

myvector myvl = g();



Return Value Optimization (RVO)

Ha camom paene, 3dMNyCK AaHHOIo npmnmepa NoKaxeT, 4HTO BO BpeMA BbINMOTHEHUA MPOrpaMmMbl HE 6y,EI,ET
BbI3BAHO HN OAHOIO0 KOHCTPYKTOPA KONun.

3710 pe3ynbraT PpaboTbl ONTUMUIUPYIOLLETO KOMMUAATOPA.

3aMeTMM, YTO TaKaA ONTMMU3ALNA MOXKET CYLLLEeCTBEHHO NOBAUATbL Ha NOBEeAEHME NPOrpPaMmmMbl B C/ly4ae, Korga
KOHCTPYKTOP KOMWUU COAEPHKUT NoboUHble 3ddeKTbl (Hanpumep: BbIBOA HAa KOHCOb).

OpHaKo OHa npomnsBoaunUTCA NoAaBAAKOLWLNM H6oNbLIMHCTBOM coBpeEMEHHbLIX KOMMUIATOPOB MO YMO/I4aHUIO,
NMNOTOMY HTO ABHO OrosopeHa B CtTaHAapTeE A3biKa.

3Ta onTMMM3auma HocuT Ha3BaHMe Return Value Optimization (RVO).
Ecnm cneunanbHbIMK KAo4aMM Komnuasumm 3anpetntb RVO, To 6yayT BbiI3BaHO POBHO ABa KOHCTPYKTOpA

KOMUU, KaK N OXKMNAaN0Ch.
B peanbHbIX Nporpammax NpocTo CTapatoTcA He NOMeLL,aTb A0MNOJIHUTE/IbHbLINA KOA B KOHCTPYKTOP KONUMN.



[Tpumep. PeannsoBaTb Knacc —

|£I,l/lHal\/\l/l‘—IeCHl/ll\/J1 MaCCUB Ue/iblX HNCEI.

[leperpysunTb onepaumm:

+ O/1A ABYX MaCCMBOB OAMHAKOBOIo pasmepa;
+ A1 MaCCMBa M LLeSIOro YMCaa;

+= ANA ABYX MACCMBOB OAMHAKOBOTO Pa3mepa;
NPUCBaMBaAHUA;

obpalleHne K 31eMEHTY N0 MHAOEKCY;

BbIBOAA B MOTOK

Array(const Array& B)

Array(int _n, int x})

length() : int

operator{](int 1) : Int&
operator+(const Array8 B) : Array
operator+(const int x) : Array
operator+=(const Amray8& B) : Array

eoecaedadd aa

operator=(const Ammay8 B) : Arrayf

UML gnarpamma Knacca Array
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class Array {
private:

int n;
int *A;

public:

Array(); //KOHCTPYKTOP MO YMOJIYaHMIO

Array(int _n,intx=0); //KOHCTPYKTOP C NapameTpoMm No YMOYaHMUIO
Array(const Array &B); //KOHCTPYKTOP KOMunm

int length() const; //OYHKUMA AN HAXOXKAEHUA pa3mepa MaccmuBa
void resize(int nsize);  //M3meHeHMe pa3mepa MaccmBa

Array operator + (const Array &B);

Array &operator += (const Array &B);

Array operator + (const int x);

Array &operator = (const Array &B);

int& operator [] (inti);

int operator [] (int i) const;

~Array();

friend ostream & operator << (ostream &out, const Array &B);



int Array::length() const{
return n;

}

void Array::resize(int nsize) {
int * ndata = new int[nsize];
int sz =(n < nsize) ? n: nsize;
for (int i=0;i<sz;++i)
ndatali] = Ali];

deletel[] A;
A = ndata;
n = nsize;
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[leperpy3ka onepaumu |]

E€ HY)XHO peanin3oBbIiBaTb TONbKO Kak PYHKLUIO-YNIEH KNacca.
BaKHO, 4TOObI Neperpy*eHHaa onepauma 40CTyna K 3/IEMEHTY MacCcuBa Mo UHAeKcy [ ] Bo3Bpallana
CCbI/IKY Ha 3/1IeMeHT MaccuBa. ITo obycnoBaeHo TpeboBaHUAMM K COONOAEHUIO CEMAHTUKMN.

int& Array::operator [] (int i){
return Ali];

J

for (inti=0;i< Q.length(); ++i)
QJ[i] = Q.length() -1 -1i;
cout << "m3ameHeéHHbIn Q" << Q;
cout << "cpeaunHHble anemeHTbl maccma Q " << Q[Q.length() /2 - 1] << "'
<< Q[Q.length() / 2] << endl;
for (inti=0;i<E.length(); ++i)
E[i] =1i;



KOHCTaHTHbIEe PYHKLNN-YNEHDI

Bo3moXHO, onepauynio MHOAEKCNPOBaAHUNA I'IOTpE6yeTCFI MCMOJ1b30BATb B d)yHKLI,I/IFIX,
B KOTOpPbIE 0b6beKT Knacca Array I'Iepe,Ll,aéTCFI KaK KOHCTaHTHbIN NnapameTp No CCblJIKe.

int printAndSum (const Array &v) {
int sum=0;
for (inti=0;i<vlength(); i++){
cout << v[i] << "
sum+=v[i];
}

return sum;

}

Mpn KOMNUAAUUK 3TON PYHKLUM BO3HUKHET OWKMOKa

«IntelliSense: otcytcTByeT onepartop "[]", cooTBeTCTBYIOWMIM 3TUM OonepaHdam: const Array[int]»
[N KOPPEKTHOM KOMNUAALMK HEOBXOAMMO onpeaennTb BTOPYO PYHKLMIO NeperpysKku onepaumm
NHOEKCMPOBAHMUA.

int Array::operator [] (int i) const {
return Ali];

}



IlecTpyKTop

Ecnn B Knacce BblaenaeTca namsaTb, TO eé Heobxoanmo ocBob6oaAUTb CpeCTBAaMM 3TOTO XKe Knacca.
3TO AONXKEH AenaTb AeCTPYKTop.

Array::~Array(
delete[] A;

)

[1ecTpyKTOPp BbI3bIBAETCA KOMMUIATOPOM aBTOMATUYECKM AN1A KaXKA0ro co34aHHOro ob6bekTa.



Onepauna +

Ana maccmsBa v LENoro Ymcna
Onepauna HEKOMMYTaTUBHA

Array Array::operator+(const int x){
Array C(n);
//MmoxHo: Array C(n,0);
for (inti=0;i<n; i++)
C.A[i] = Ali] + x;
return C;

)

Ana pByx maccmBoB
Onepauna KOMMYTaTUBHA

Array Array::operator+(const Array &B){
if (n !=B.n)
throw (1);
Array C(n);
//MmoxHo: Array C(n,0);
for (int i=0; i<n; i++)
C.A[i]=A[i]+B.A[i];
return C;



Icnonb3oBaHMe onepaunm +

Array Z(15), Y(15);
try {
cout << "cymma " << Z+Y;
cout<<Z+5;
//cout<<5+Z; //error

}
catch (int) {

cout << "MaccumBbl UMetoT pasHyto aanHy" << endl;

)
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Onepauma +=

Array& Array::operator += (const int k){
for (int i=0; i<n; i++)
Ali]=Ali]+k;
return *this;

)

Array& Array::operator += (const Array &B){
if (n !=B.n)
throw (1);
for (int i=0; i<n; i++)
Ali]=A[i]+B.A[i];
return *this;

)
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icnonb30oBaHWe onepaumm +=

Array Z(15), Y(15);
try {
/+=Y;
cout << " HoBbIN Z=" << Z;

}
catch (int) {

cout << "MaccumBbl UMetOT pasHyto AanHy" << endl;

)

/+=5;
cout << " HoBbIN Z=" << Z;
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Onepauna + Yepes onepaumo +=

Array Array::operator + (const Array &B){
Array C(n);
for (int i=0; i<n; i++)
C.A[i]=A[i]+B.A[i];
return C;

J

Array Array::operator + (const Array &B){
Array C(*this);
C+=B;
return C;

)
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BapuaHTbl MICNO/b30BaHMA KOHCTPYKTOPOB

Array Q(10,5);  //KOHCTpYKTOp C ABYMS NapameTpammu
Array P(10); //KOHCTPYKTOP C NapameTpom No YyMon4aHuto. Bropoi napameTp 3agaH HEABHO
Array W,E; //KOHCTPYKTOP NO YMOAYaHUIO

Array R(Q); //KOHCTPYKTOpP KONUu



3a4em C03/aBaTb KOHCTPYKTOP KOMuu?

[lonycTum Takoe onpeaesieHne Knacca

class myvector {
int size;
int * data;
string name;

public:
myvector(string const & name = "id1"): size(8), name(name) {
data = new int [size];
cout << name << " created\n";

)

~myvector() {
delete [] data;
cout << name << " killed\n";

}
};



v

OXunaoaHue

MpoBepum paboTy Knacca, BbINONHMUB caeayowmnii Ko B GyHKLUMM main:

myvector myvl;
myvector myv2 = myvl;

B ctpoke myvector myv2 = myvl; mbl NoApPa3yMeBaem, YTO MPOUCXOANT KONMPOBaHME
obbekTa myvl, a B KOHUE BbINoAHEeHNA GyHKUMKM main() — yaaneHme aAByx ob6beKTos: myvl un
myv?2.



Pea/lbHOCTb

v

OXunaoaHue

MpoBepum paboTy Knacca, BbINONHMUB caeayowmnii Ko B GyHKLUMM main:

myvector myvl;
myvector myv2 = myvl;

B ctpoke myvector myv2 = myvl; mbl NoApPa3yMeBaeM, YTO MPOUCXOANT KONMPOBaHME
obbekTa myvl, a B KOHUE BbINoAHEeHNA GyHKUMKM main() — yaaneHme aAByx ob6beKTos: myvl un
myv?2.

B AencTBUTENBHOCTU, NPY 3aNyCKe NPOrpammbl MPOUCXOAUT OLLIMDOKA:
id1 created

id1 killed
*** Error in *./main': double free or corruption (fasttop): ...



YTo nponcxoamnT B Cay4ae MCNOb30BaHMA KOHCTPYKTOPA KOMUMK,
CO3/1aBAaEeMOro aBTOMaTUYECKN?

O6nacTtb namaTtn (*data)

BmecTo Konum maccmBa byaeT co3ziaHa KomnuaA CCbIJIKM Ha HEro, T. €. CCbI/IKM ABYX Pa3HbIX 00beKToB
6yayT YKa3biBaTb HA OAHO U TO Ke MeCTO B MaMATH.
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