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KaKk 06begnHuUTb B 04HOM KOANeKUMN 06 BbeKTbl Pa3NYHbIX
HacneaHMKoB 6a3oBOro Knacca?

class Person {

public:
showInform();

class Student: public class Professor : public
Person { Person {
public: public:

showlnform(); showlnform();

};... };...



Co34aTb KOHTEMHEP, COAEPKALLMN YKa3aTeNM (MM CCbIJIKMN) Ha
0ObeKTbl 6a30BOro Ksacca

Person *p [5];

p[0] = new Student("Metpos", 19, "MI'Y", 3);
p[1] = new Student("Yankumn", 18, "FOOY", 3);
p[2] = new Professor ("Totopunr", 32, "NB3");
p[3] = new Professor ("Crpayctpyn”, 32, "NMn");
p[4] = new Student("BuwHak", 20, " O®Y ", 3);

for (int i=0; i<5; ++i)
p[i]->showlInform();

Peannsauyms kakoro uns knaccos ¢pyHKkuUnm showlnform() otpaboTtaet?



PaHHee (cTaTu4yecKkoe) cBA3bIBaHME

IT0 06YC/NI0BIEHO TEM, YTO ONpeaeneHne, Kakyto U3 nepeonpeaenéHHbiX GyHKUMA BbI3BATD,
MPOUCXOAUT B MOMEHT KOMMUAALMUM N0 TUNY NepeMeHHON-06beKTa Mam nepemeHHOM-CCbINIKU

(ykasarens)

OnpepeneHune Ha 3Tane KOMNUAALMUMU Bbi3biIBa€MOro BapuaHTa nepeonpegenéHHon GyHKLum
Ha3blBaeTCA CTaTUYECKMM, U/IU PAHHUM, CBA3bIBAHUEM



A 4TO XOTenu ysmaeTb?

[MocKonbKy B Knaccax Student u Professor ¢pyHKumna showlnform nepeonpepeneHa,
TO XOTe/10Cb Obl NpU BbI3OBE

p[0]->showInform() yBnaetb nHbopmaumio o ctyaeHTe lNeTpoBe, a Npu Bbi30BE

p[2]->showInform() — o npodeccope TotopuHre



[nHamun4yeckoe (no3aHee) cBA3bIBaHME

[na Toro 4tobbl 06€CNEeYnNTb BOSMOXKHOCTb ONpeaeneHun, Kakas U3 nepeonpeaenéHHbiX GyHKUMN
[0/1}KHa ObITb BbI3BaHA, HE HAa OCHOBE TUMNA NepeMeHHOMN-CCbI/IKM UIN YKa3aTens, a Ha OCHOBE TUNA

06beKTa, Ha KOTOPbIW OHU CCbINAIOTCA, HYXKEH APYron MexaHM3M — AUHAMUYECKoe, AN No3gHee,
CBA3bIBaHME

OnpepeneHune Ha 3Tane BbINO/IHEHUA Bbi3biIBA€MOro BapuaHTa nepeonpegenéHHon PyHKUUm
Ha3blBaeTcA AUHAMUYECKUM, WU NO3AHUM, CBA3bIBAaHUEM



[ToanmopPmam

Mo3aHee cBA3bIBaHME peanunsyeT NPUHUMN noammopdusma

Monnmopdmsm No3BoNsIET BbIOMPATb BAPUAHT Bbi3biBaeMO GYHKLUMU B X0 BbIMOJAHEHUA NPOrpaMmmbl



Pa3snnyHble 0O6beKTbl MCNOb3YIOTCA OANHAKOBbLIM 0DOpPa3om
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bBonbwaa rnyburHa
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BupTyanbHble GyHKLUMM

for (int i=0; i<5; ++i)
p[i]->showinform();

Mo3aHee cBA3bIBaHUE peaiu3yeTca C MOMOLLbIO BUPTYaNbHbIX PYHKL M

class Person{
public:
//BCe, KaK bbi/1o onucaHo Bbile, Kpome dyHKUMM showlnform

virtual void showInform();
private:
//Bce, KaK 6bln10 ONUCAHO BbiLe

I

Peannsauunsa ¢pyHKUMmM showlnform Kak ana knacca Person, Tak 1 Ana KNaccoB-HAc/eAHNKOB OCTaéTcA bes
N3IMEHEeHUN



BrpTyanbHasa PyHKLUMA BCeraa BUPTyasibHa

Echn obbasneHne opyHKUMKM B 6a30BOM Knacce Ha4YMHAETCS C KAKYEeBOro ¢10oBa virtual, To aTo aenaet
bYHKUMIO BUPTYanbHOM Ana 6a30BOro Kiacca U BCeX KNaccoB, NPou3BoAHbIX OT 6a30Boro Knacca.
BupTyanbHas GyHKUMA BCeraa BUPTYanbHa.

PekomeHAayeTca Bceraa ncnoib3osBaTb cneundukatop virtual B 06bABAEHUN BUPTYANbHbIX GYHKLNNA,
HE3aBUCMMO OT UX PACMONOKEHNSA B MEPAPXMMN HAacNe0BaHUA. ITO yy4llaeT YUTAaeMOCTb KoAa.




[lpeaynpexxaeHume

Person p;
Student s("BuwHsak", 20, " O®Y ", 3);

P=S5,
p.showlInform();

byaeT BbINONHEHO paHHee CBA3bIBaHUE, HECMOTPSA Ha To, YTo PyHKUMA showInform() BupTyanbHas

BbiBOA,:
Monumopdusm C++ pabotaeT TONbKO Yepes yKa3aTe/Iu U CCbIIKN Ha 06beKTbl 6a30BOro Knacca



[Mpumep. Co3aaTtb Ha3oBbIM Kaacc shape. Co3aaTb ABa KNacCa-NOTOMKA
rectangle (gBe cTopoHbl) U triangle (cTopoHa 1 BbICOTA K HEN)

B aTOM npumepe HacniegoBaHUE He MMEET LIENbo paclumpeHmne 6a3oBoro Knacca.
Kaxkablh N3 KnaccoB-Hac/e4HUKOB peannsyert cBoe cobcTBeHHOe nosBeaeHMe Ha OCHOBE BUPTYa/lbHOM
byHKUMKN, 06BABNEHHOM B 6a30BOM Knacce.



F x
shape ]
Knacc
= Nons
ﬂ,,, ¥ : double
@ y:double
= Metogm
@ set_param(double x0, double y0) : void
@ show_areal) : void
\, #L r,
| public virtual void show_area() h
public public
F- ) F-
rectangle triangle
Knacc Knacc
<+ shape <+ shape
= Metoawm =l Metoawm
@ show_areal) : void @ show_area() : void
\ . \
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ba3oBbIn Knacc shape

class shape {
protected:
double x,y;
public:
//KOHCTPYKTOPbI HE CO34aEM, TaK KaK MCMO/Ib3yeTC aBTOMATUYECKUIM KOHCTPYKTOP MO YMONYAHUIO
void set_param(double x0, double y0) {
x=x0;
y=y0;
}
virtual void show_area(){
cout<<"Area calculation for this class is undefined";
cout <<endl;

}
I



[ToTomKM rectangle v triangle

class triangle: public shape {
public:
//ncnonb3yeTca aBTOMaTUYECKUIA KOHCTPYKTOP MO YMOJTHAHUIO
//BbI3bIBAIOLLIMIA KOHCTPYKTOP MO YMOAYaHUIO 6a30BOro Kiacca
void show_area() {
cout<<endl<<"triangle with height "<<x<<" and base "<<y;
cout<<endl<<"has an area "<<x*0.5 *y<<endl|;

}
I

class rectangle : public shape {
public:
//vicnonb3yeTca aBTOMATUYECKUIA KOHCTPYKTOP MO YMOIYaHUIO
//Bbl3bIBAOLWMIA KOHCTPYKTOP NO YMO/I4aHMIO 6a30BOro Kiacca
void show_area() {
cout<<endl<<"rectangle with sides "<<x<<" * "<<y;
cout<<endl<<"has an area "<<x*y<<end|;

}
5



[lpoaHann3npyem

int main() {
shape *(:)[2]. void tellMeAboutYourself(shape *s) {
triangle t; s-> show_area();
rectangler; )
p[O]=&t;

p[0]->set_param(10.0,5.0);
p[0]->show _area();

p[1]=&r;
p[1]->set_ param (10.0,5.0);
p[1]->show area();

for (auto x: p)
tellMeAboutYourself(x);
return O;

}



auto

for (nepemeHHasn: maccums) for (auto x: p)
statement; tellMeAboutYourself(x);

nAa nonb3oBaTeNbCKUX TUNOB AaHHbIX, MCNOAb3yeMblX B KQUeCTBe napameTpa UMKAa, peKomeHayeTtca
npumeHATb auto

[o C++ 11 auto ncnonb3oBanoch ANs ABHOTO YKa3aHWUA, YTO NepemMeHHaa UMEeeT aBTOMaTUYECKUI Knacc
namaTK (Bpemsa cyL,ecTBOBaHUA orpaHMyeHo 6/10Kom, B KOTOPOM OHa onpeaeneHa).
OaHako HaumHana ¢ C++ 11 Bce nepemeHHble MO0 YMOIYAHUIO MMEOT aBTOMaTMUUYECKMIM KNacc NamaTu

HaunHas c C++ 11, KntoueBoe €/10BO auto Mcnoab3yeTca AN BbiBOAA TUMa (aBTOMATUYECKOTO
onpeaeneHns Tmna)



LleHa BMPTYaNbHOCTU

Monnmopdunsm B C++ peanmsyetca ¢ nomoulbto Tabnunuy, BupTyanbHbiX PyHKUMM — Virtual Methods Table(VMT)

B Ka)KJ0M 06beKTe NoABAAETCA AONOJNHUTENbHDbIU YKa3aTenb vptr Ha Tabauuy BUPTYanbHbIX METOAOB.

[lnsa Kaxkaoro Knacca cosgaeTtca Tabamua BUPTYasibHbIX METOA0B, KOTOPasA COAEPKMUT agpeca Bcex
BUPTYa/IbHbIX METOA0B 3TOro KJ1acca U BCeX ero npeaKos.

Ecnn B KNacce u ero npefikax HeT BUPTYa/ibHbIX METOA0B, TO B €ro 06beKTe nose vptr oTcyTcTByeT
(peannsyeTtca NPUHUMN: HE NNATMM 3a TO, YTO HE UCMOJIb3YEM).

3ameyaHue:

B C++ HeT 0bLiero rnaBHOro Kaacca-npeaka, Kak Hanpmumep, Object B PascalABC.Net, C#, Java.
3TO AenaeTcA B Lenax nosbiweHna 3GPeKTUBHOCTH.

TaK Kak obwmi npeaok npegoctaBaset Habop BUPTYanbHbIX GYHKLUN (METOA0B), YTO NPUBOAMUT K
co3gaHunto VMT ana Kaxaoro Knacca.



[locnenoBaTe/IbHOCTb BbINO/IHEHUA

Kak pa60TaeT new: CHa4aJ1a BblaenAaeTcA NamMaTb, NOTOM Bbi3blBAETCA KOHCTPYKTOP.

Kak paboTaet delete: CHa4ya/1a BbI3blBAETCA AECTPYKTOP, NOTOM BO3BpaLlaeTcs NamMATb.



YTo byaet?

Person * pp = new Student("MeTtpos", 19, "MIY", 3);
pp -> showlInform();
delete pp;
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byanert ...

Person * pp = new Student("Metpos", 19, "MIY", 3);
pp -> showInform();
delete pp;

B naHHOM cnyyae, npu BbinoAHeHMU delete pp; byaeT Bbi3BaH aecTpykTop ~Person(), yto naoxo.

[ectpyKTopbl B C++ TOXKe MOryT 6biTb BUPTYa/IbHbIMM, OAHAKO MO YMONYAaHMIO OHM TAKOBbIMM He
ABNAIOTCA.



Kak ncnpasuTb cUTYaLUMIO?

Coenaem agecTpykTop ANns Knacca Person BUpTyanbHbIM
class Person {

virtual void Print() { ... }
virtual ~Person() { ... }

}

Tenepb, Npyn 0CBOOOXKAEHUN NAMATUN, HA KOTOPYHO CCbI/IaeTCA PP, Bbi3oBeTCA AecTpyKTop ~Student().

Ecnn pecTtpyKTop y npeaka BUPTYasbHbIA, U eCin Npu 3TOM AndA Knacca Student He HanucaTb
NEeCTPYKTOP, TO OH CreHepPMpPyeTca aBTOMATUYECKUM M Byaem BUPTYaibHbIM.



[lecTpyKTOpPbI M MOIMMOPPU3IM

MNMpasuno:

Ecnu B Knacce ectb XoTA 6bl 0gHa BUPTYaZibHaA GYHKUMUA, TOraa 06a3aTeNlbHO Ae/1aeM ero AeCTPYKTop
BUPTYa/IbHbIM.

Ecnhu 6a308BblIit KNacc He UMEET ABHOMO AEeCTPYKTOPA, a Y NOTOMKOB K/1acca NOABATCA IBHblE AECTPYKTOPbI,
Hanpumep, ocBoboXKaatowme AMHaMUYECKYO NaMATb, TO BO3MOXHA OLLIMOKa YTEUYKN NamATH.

Ba*KHO rapaHTUPOBaTb, YTOObLI NPU YHUUTOKEHMN 0ObEKTa OblN1 BbI3BAH AECTPYKTOP MMEHHO TOro Kiacca-
HacneaHWKa, K KOTOPOMY OH OTHOCUTCA.

Ecnu 6a308BblIit Knacc He TpebyeT BbINONHEHUA ABHOTO AECTPYKTOPA, He cneayeT noaaratbCsa Ha AeCTPYKTOP
MO YMOJIYaHMUIO.

BmecTo 3T0ro Heo6xo04MMO onNMcaTb BUPTYaNbHbIWM AECTPYKTOP C NYCTOW peanunsaymen.



NHTepdencol

void tellMeAboutYourself(shape *s) {
BcnomHum s->show_area();

}

Mexay pyHkumnen tellMeAboutYourself n HacnegHMKkamm Knacca shape yctaHasnmBaeTca
cor/ialieHmne no BO3MOXHOCTAM B3aMMOAENCTBUA.

Takoe corfaleHue HasbiBaeTcs UHTepdeiicom.



A ecTb 1IN CMbICA?...

class shape {
protected:
double x,y;
public:
//KOHCTPYKTOPbI HE CO34aEM, TaK KaK MCMO/Ib3yeTC aBTOMATUYECKUIM KOHCTPYKTOP MO YMONYAHUIO
void set_param(double x0, double y0) {
x=Xx0;
y=y0;
}

//HeT cmbicna, AMwb cnocob KoppeKTHO coobwnuTb 06 owmnbKe ncnonb3oBaHUA
virtual void show_area(){

cout<<"Area calculation for this class is undefined";

cout <<endl;

}
5



BupTyanbHaa yHKUMA Be3 peann3aumm

O6beKT Knacca shape 6e3 KoHKpeTusaumnm Tuna GUrypbl He MOXKeT MMeTb NoLWaau.

[lna Toro 4tobbI HE NpMberaTb K TAaKOMY UCKYCCTBEHHOMY NPUEMY, MMEETCS BO3MOXKHOCTb ONpeaensTb
BUPTYaNbHYIO GYHKUUIO 6e3 peannsauum.

BuptyanbHaa ¢pyHKUMA 6e3 peannsaumm Ha3biBAaeTCA YUCTO BUPTYA/IbHOIA.



Yncrto BMpTYyanbHaa QyHKLUNA

CuHTaKcnc 06bABNEHUA YNUCTO BUPTYasibHOM PyHKUMKM — virtual <Tun> <uma> (<cnucok napamertpos>) = 0;

class shape {
protected:
double x,y;
public:
//KOHCTPYKTOPbI HE CO3AaEM, TaK KaK UCNOJIb3yeTcA aBTOMaTUUYECKUIN KOHCTPYKTOP MO YMOAYaHUIO
void set_param(double x0, double y0) {
x=x0;
y=y0;
}

virtual void show_area() =0;

I

Ecnun Knacc umeert Xota 6bl 0A4HY UNCTO BUPTYANbHYIO GYHKLUIO, €r0 Ha3biBalOT abCTPaKTHbIM Klaccom.



ABCTPaKTHbIM Knacc

[1na abCTPaKTHOro Knacca He MoryT 6biTb CO34aHbl 06beKTbI

TaKoM KNacC MOXKET CNYXKUTb TONbKO B KauecTBe 6a30BOro B cucteme HacaefoBaHUA U AN1A
CO34aHusA yKa3aTenen n ccblIoK, KoTopble byayT MCNOAb30BaHbI NPU peannsauum noammopodunsma.

Ecnn B 6a30BOM Knacce MMeEETCA YUCTO BUPTYanbHaA PYHKLUA, NPOMU3BOAHDIN KNACC AO/IKEH
umeTb onpegeneHue eé cobCcTBeHHOM peannsaumu.

Ecnn peanusayma xots 6bl 04HOM M3 YUCTO BUPTYaA/IbHbIX GYHKLMI HEe ByaeT BbINO/IHEH],
NPOU3BOAHbIN KNacc, B CBOIO o4epeab, OCTaHeTCA abCcTpaKTHbIM



MHTepdencbl 1 abCTpaKTHbIE Kaacchl

ABCTpaKTHbIE K/1acCbl NOCPEeACTBOM YUCTO BUPTYaNbHbIX PYHKLMIMA ONMUCLIBAOT MHTEPPENC, KOTOPbIN
MOHO MCNO/Ib30BaTb B APYrMx KAaccax uam PyHKUMAX, OXKMAAA, YTO HAaCeAHUKN peannsyloT 3TH

bYHKUMMN.



Mpumep. Co3aaTb abcTpakTHbIN Knacc shapeC v ero HacheaHUKOB:
Knacchbl circle u filled circle.



2024
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shapeC A circle
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ABCTpaKTHbIN Knacc shapeC

class shapeC {
public:
//vicnonb3yeTca aBTOMaTUYECKUIA KOHCTPYKTOP MO YMOJTYaHUIO
virtual ~shapeC() {}
virtual double square() const =0;
virtual shapeC* clone() const =0;
virtual void debug(ostream &out) const=0;



Hacneanwku circle u filled circle

class circle: public shapeC { class filled_circle: public circle {
public: public:
circle(double r=0): radius(r) { } filled_circle (double r, int c): circle(r), color(c) { }
~circle() {} ~filled_circle() {}
double square() const { filled_circle* clone() const {
return 3.14*radius*radius; return new filled_circle(radius, color);
} }
circle* clone() const { void debug (ostream & out) const {
return new circle(radius); circle::debug(out);
} out<<" color = "<<color <<endl;
void debug (ostream & out) const { }
out<<" radius = "<<radius <<endl; private:
} int color;
protected: 4

double radius;

5



[TOAMMOPPHbBIN KOHTENHEP

int main() {
* .
shapeC *p[4]; Maccus p yKasaTeneit Ha shapeC, npeactasaset cob6oit nonMmopdHbIi
_ KOHTEMHep, NOCKOJIbKY OH MOXKET coaeprKaTb YKa3aTtenu Ha circle wm filled_circle.
circle t(5);
filled_circle r(10, 255);
o[0] = &t: Nmea ob6beKTbl HacneaHUKOB Knacca shapeC, MOXHO UX agpeca NPUCBOUTb
o[1] = &r: 3N1eMeHTaM MaccumBa p.

p[2] = p[0]->clone();
p[3] = p[1]->clone();

for (autox :p) {
x->debug(cout);

}

return O;

}



Konnm anemeHToB NOIMMOPPHOTOo KOHTEMHEPA
p[0] = &t;
p[1] = &r;

Ecnv notpebyeTca co3aaTb KONUK ABYX 31EMEHTOB NOJIMMOPPHOTro KoOHTelMHepa, onepauma npucBanBaHmA
He MNOMOMKET, NOCKOJIbKY byAeT BbIMNOJIHEHO NPMUCBANBaHWE apPECOoB.

p[2] = plO];
p[3] = pl1];

B sTom cnyyae p[2] n p[0] 6yayT ccbinatbca Ha OAMH U TOT e 06beKkT t, a p[3] n p[1] — Ha obbeKTT.



PeweHne npobaembl KONMPOBAHUA

PeweHnem gaHHon npobiembl MOrno 6bl 6bITb CO34aHME BUPTYA/IbHOrO KOHCTPYKTOPA,
OZlHAaKO KOHCTPYKTOPbI B C++ He MmoryT 6bITb BUPTYa/ZIbHbIMM.

MoaTomy Ans peweHua asTon npobaembl cneayeTt Ucnonb3oBaTb PyHKUUIO clone().

KnoHnpoBaHue asnAaeTca NoAMMOPOHbIM, TaK KaK 0ObEKT A0NKEH KNOHMPOBATb cebs, a He 0O6beKT
6a3oBoro TMna.

p[2] = p[0]->clone();
p[3] = p[1]->clone();



dyHKUMA clone()

virtual shapeC* clone() const =0;

class circle: public shapeC {
public:

circle* clone() const {
return new circle(radius);

}
Iy
class filled_circle: public shapeC {

public:

filled_circle* clone() const {

return new filled_circle(radius, color);

}
5

p[2] = p[0]->clone();
p[3] = p[1]->clone();



OrpaHnyeHus

KOHCTPYKTOPbI HE MOTYT HbITb BUPTYa/IbHbIMMU.
Mpoun3BOAHbIN KNacc He HacneayeT KOHCTPYKTOPbl 6a30BOro Knacca, Nno3aTomy 6eccmbiCNeHHO AenaTtb Ux
BMPTYa/IbHbIMMW.

CtaTnyeckme GYHKLUM TaKKe He MOTYT ObiTb BUPTYa/IbHbIMU.,



BrpTyanbHOe HacnegoBaHUE

BupTtyanbHoe HacnepoBaHume (virtual inheritance) npeaoTspaliaeT nosaB/eHME MHOXECTBEHHbIX
06beKTOB 6a30BOro Knacca B Mepapxmm Hacsea0BaHuUs.

class Device {
public:
Device() {
cout << "Device constructor called" << end|;
}
void turn_on() {
cout << "Device is on." << endl;

}



class Computer: virtual public Device { class Monitor: virtual public Device {

public: public:
Computer() { Monitor() {
cout << "Computer constructor called" << endl; cout << "Monitor constructor called” << end|;
} }
7 Z

class Laptop: public Computer, public Monitor {};

int main() {
Laptop Laptop_instance;
Laptop_instance.turn_on();
return O;

}

KoHcTpyKkTOp 6a3oBoro knacca Device 6yaeT Bbi3BaH TO/IbKO eANHOXKAbl,
a obpauweHue kK metoay turn_on() 6e3 ero nepeonpeaeneHns B Ao4EepPHEM Ksiacce He byaeT Bbi3biBaTb OLIKMOKY npu
KOMMNUAALUMMN.



//class Laptop : public Computer, public Monitor, public Device {};

OwmnbKa (aKTMBHO) E0266 '"Laptop::turn_on" He sBAAeTCA OAHO3HAYHbIM

MpeaynpexxaeHne C4584 Laptop: 6a308bin Knacc "Device" yxe aBnaetca 6a3osbim Knaccom ana "Computer”

Owmnbka C2385 HeoaHO3HAYHbIM ypOBeEHb AocTyna "turn_on"



O4Ha Lenoyka BUPTYanbHOCTU UK ABe?

class B {
public:
virtual void f(short) { std::cout << "B::f" << std::endl; }

I

class D : public B {
public:
virtual void f(int) { std::cout << "D::f" << std::endl; }

I



A Tenepb?

class B {
public:
virtual void f(int) const {std::cout << "B::f " << std::endl;}

I

class D : public B {
public:
virtual void f(int) {std::cout << "D::f" << std::endl;}

I



virtual, override u final

virtual — Havano LEeNOYKN BNPTYA/IbHbIX METOA08
override — METOo 4 ABNAETCA rnepeonpepeneHnem sMpTyasibHoOoro MmeTtoa B 6a3o0BoM Knacce

final — KoHeL, LenoYkn BUPTYaNbHbIX MeTOA0B (MPOM3BOAHbBIN KNacC He AO0MKEH NepeonpeaenaTb
BUPTYa/IbHbIN MeToA)



lcnonb3oBaHMe override

class B {
public:
virtual void f(short) { std::cout << "B::f" << std::endl; }

5

class D : public B {
public:
virtual void f(int) override { std::cout << "D::f" << std::endl; }

5

NI
class D : public B {
public:
void f(int) override { std::cout << "D::f" << std::endl; }

I

Ownbka C3668 D::f: meToa co cneundmnkatopom nepeonpeseneHus "override" He nepeonpenenaet
Kakmne-nmbo metoabl 6a3o0BOro Knacca



PekomeHaaumm no virtual n override

OTmeyanTe BUpPTYyanbHble GYHKLUUM UM KaK virtual (Hayano yenouyku), unm Kak override (nepeonpeaenerHue),
HO He TO U Apyroe o4HOBPEMEHHO.

class B {
public:
virtual void f(int) { std::cout << "B::f" << std::endl; }

5

class D : public B {
public:
void f(int) override { std::cout << "D::f" << std::endl; }

I



cnonb3oBaHMe final

class B {
public:
virtual void f(int) { std::cout << "B::f" << std::endl; }
J
class D : public B {
public:
virtual void f(int) override final { std::cout << "D::f" << std::endl; }
%
class F : public D {
public:
virtual void f(int) override { std::cout << "F::f" << std::endl; }
I

Ownbka C3248 D::f: dyHKUUIO, 0OBABNEHHYIO KaK "final", Henb3a nepeonpeaenntb ¢ nomouwbto "F::f"



PekomeHaauUNm

class B {
public:
virtual void f(int) { std::cout << "B::f" << std::endl; }

I

class D : public B {
public:
void f(int) override { std::cout << "D::f" << std::endl; }

5

class F : public D {
public:

void f(int) final { std::cout << "F::f" << std::endl; }
Iy



YTOo He TaK?

class B {
public:
virtual void f(int) { std::cout << "B::f" << std::endl; }

I

class D : public B {
public:
void f(int) override { std::cout << "D::f" << std::endl; }

I

class F : public D {
public:

int f(int) final { std::cout << "F::f" << std::endl; }
Iy



class B {
public:
virtual void f(int) { std::cout << "B::f" << std::endl; }

I

class D : public B {
public:
void f(int) override { std::cout << "D::f" << std::endl; }

I

class F : public D {
public:

int f(int) final { std::cout << "F::f" << std::endl; }
Iy

Owwnbka C2555 F::f: Bo3Bpawaembin TMN NnepeonpeaeneHHon BUPTYyasibHON GYHKLUMKN OTAMYAETCA
oT "D::f" n He ABnAeTCA KOBapMAHTHbIM



KoBapraHTHble BO3BPallaemble TUMbI

Ecnv TMn Bo3BpaL,aemoro 3Ha4yeHMs BUPTYanbHOMU PYHKLIMM ABNAETCA YKa3aTeNem UM CCbIZIKOM Ha
Knacc, nepeonpegensaiowme pyHKLUN MOTYT BO3BpaLlaTh YKa3aTe/lb U/ CCbIIKY Ha NPOU3BOAHbIM
Knacc.

3TO Ha3bIBAETCA KOBaPUAHTHbIMKW BO3BpaLLaeMbiMU TUMAMM.



KoBapuaHTHble BO3Bpallaemble TUMbl. [pumep

class circle: public shapeC { class filled_circle: public circle {
public: public:
circle(double r=0): radius(r) { } filled_circle (double r, int c): circle(r),
~circle() {} color(c) { }
double square() const { ~filled_circle() {}
return 3.14%radius*radius; filled_circle* clone() const override {
} return new filled_circle(radius, color);
circle* clone() const override { }
return new circle(radius); void debug (ostream & out) const {
} circle::debug(out);
void debug (ostream & out) const { out<<" color = "<<color <<endl;
out<<" radius = "<<radius <<endl; }
} private:
protected: int color:
double radius; 1

I



	Слайд 1, Языки программирования Лекция 5 
	Слайд 2, Как объединить в одной коллекции объекты различных наследников базового класса?
	Слайд 3, Создать контейнер, содержащий указатели (или ссылки) на объекты базового класса
	Слайд 4, Раннее (статическое) связывание
	Слайд 5, А что хотели увидеть?
	Слайд 6, Динамическое (позднее) связывание
	Слайд 7, Полиморфизм
	Слайд 8, Различные объекты используются одинаковым образом
	Слайд 9, Большая глубина
	Слайд 10, Виртуальные функции
	Слайд 11, Виртуальная функция всегда виртуальна
	Слайд 12, Предупреждение
	Слайд 13, Пример. Создать базовый класс shape. Создать два класса-потомка rectangle (две стороны) и triangle (сторона и высота к ней)
	Слайд 14
	Слайд 15, Базовый класс shape
	Слайд 16, Потомки rectangle и triangle
	Слайд 17, Проанализируем
	Слайд 18, auto
	Слайд 19, Цена виртуальности
	Слайд 20, Последовательность выполнения
	Слайд 21, Что будет? 
	Слайд 22, Будет …
	Слайд 23, Как исправить ситуацию?
	Слайд 24, Деструкторы и полиморфизм
	Слайд 25, Интерфейсы
	Слайд 26, А есть ли смысл?...
	Слайд 27, Виртуальная функция без реализации
	Слайд 28, Чисто виртуальная функция
	Слайд 29, Абстрактный класс
	Слайд 30, Интерфейсы и абстрактные классы
	Слайд 31, Пример. Создать абстрактный класс shapeC и его наследников: классы circle и filled_circle.
	Слайд 32
	Слайд 33, Абстрактный класс shapeC
	Слайд 34, Наследники circle и filled_circle
	Слайд 35, Полиморфный контейнер
	Слайд 36, Копии элементов полиморфного контейнера
	Слайд 37, Решение проблемы копирования 
	Слайд 38, Функция clone()
	Слайд 39, Ограничения
	Слайд 40, Виртуальное наследование
	Слайд 41
	Слайд 42
	Слайд 43, Одна цепочка виртуальности или две?
	Слайд 44, А теперь?
	Слайд 45, virtual, override и final
	Слайд 46, Использование override
	Слайд 47, Рекомендации по virtual и override
	Слайд 48, Использование final
	Слайд 49, Рекомендации
	Слайд 50, Что не так?
	Слайд 51
	Слайд 52, Ковариантные возвращаемые типы
	Слайд 53, Ковариантные возвращаемые типы. Пример

