Jlekuuns 4.
Knaccol



Knaccbl n cTpyktypbl B C++

 Obecne4ynmBardT MEXAHU3M CO30aHNA CODCTBEHHbIX
TUMOB M onpeaeneHnsa pasnnyHbiX AeNCcTBUA HaO HAMM.

« OObIYHO MCNONBL3YHTCA OS19 ONUCAHUA Pa3NUYHbIX
NOHATUN, PUTYPUPYIOLLNX B pellaeMon 3agave.

* AKUEHTUPYIOT BHUMaHME pa3paboTymka Ha
MOAOENNPOBAHUN OaHHbIX, a HE AEUCTBUN.



Knacchbl

« Knacc — 3710 cyLlHOCTb, KOTOpad 3agaet obLune
cBOWCTBaA U 00LLee noBegeHne ana o6beKToB (06LLNI
lWabnoH ans co3gaHus oobekToB). o cyTu Knacc
ABNAETCA TUNOM OJaHHbIX.

e OOBEKT — 3TO CYLLHOCTb B alpeCHOM MPOCTPaHCTBE
BblYNCINUTENTbHOW CUCTEMbI, KOTOpas NMOABAETCA Mpu
co3gaHum aK3emnngapa knacca u obnagaet
onpeaeneHHbIM COCTOSAHUEM, YHUKaNbHOCTbIO U
noBefeHneM.



OCHOBHbIEe aneMeHTbl 0ObEKTHON MOoAenu

KoHuenTtyanbHon 6a3on 00bEKTHO-OPUETUPOBAHHOIO CTUNA
NporpaMMmMpoBaHNA ABNAETCA OObEKTHaAsA MOAENb,
OCHOBbIBaloLWasaAcsa Ha 4-X rmaBHbIX MPUHLUMNAX:

« AOcTpakuuga

* WHkancynauuga
 MoaynbHOCTb
* Wepapxuga



ADCTpaKkums

* BblaensieT cyLleCcTBEHHbIE XapaKTEPUCTUKN HEKOTOPOIo
obObekTa, oTnMYaroLme ero ot Apyrnx BUaoB 0OBLEKTOB.

* OnpenengaeT KoHUeNTYyarbHbIE rpaHnLbl OObEKTA C TOYKU
3peHunsa HabnogaTens.



MHkancynayms

« OToengaet apyr ot Apyra anemMeHTbl 06BLEKTA,
onpenenstoLine ero yCTpoucTteo 1N NoBegeHus.

* V3onupyeT BHELWHUN UHTEPdENC (MO, 4YmMO HaM HY>XHO
3Hamb 011 pabomsbl ¢ 06bEKMOM)OT BHYTPEHHEN
peanusauun.



Nepapxuns

 [lo3BonseTt ynopsagoymTb abcTpakummn, cpopmmpoBaTh
YPOBHU abCcTparnpoBaHusi, onpeaennTb Crnocoobl
B3anMoaencTBua abcrtpakummn, nx OTHOLLEHMUS.



MoayrnbHOCTb

* [lo3BonseT onucatb CUCTEMY KaK Ha6op KOMIMNOHEHTOB C
CUIbHbIMN BHYTPEHHUMU CBA3AMU U bonee cnabbimu

BHELLUHMW CBA3AMMW.
* YMEeHbLUAEeT CNOXXHOCTb CUCTEeMBbI.

* YpPOBHU MOLYIbHOCTH:
— ®dawnnbl, KaTtanoru...
— [lpocTpaHcTBa UMEH, NAKETHI...



Knacc: ot TpeboBaHum K peanusaumm

Onpeoennutb CBOUCTBA paccMaTpnBaemMoun CyLLHOCTN,
Ba)XHble AN AaHHOW 3ada4u

OnpepennTb OCHOBHbIE AENCTBUSA

OnpegennTb, Kakon Habop JaHHbIX AOCTAaTOYEH AN
ONMUcCaHunga 3TUX CBOUCTB

OnpegennTb CNNCOK PYHKUMW (METOLOB),
COOTBETCTBYOLWMX TPebyeMbiM OENCTBUAM



Mogenb AaHHbIX

class Rational
{
/[l Yvcnutenb
int numer;
/[ 3HameHaTenb (>=1)
int denom;

public:

Rational();
Rational(int n, int d);
int getNumer();

int getDenom();



KOHCTpYKTOpbI

KOHCTpYKTOp — 9TO MeEeTOo4 Klacca KOoTopbiM Bcerga
BbI3bIBAETCSA MNpU COo3daHUM 3K3eMnnsapa Kracca (obbekrta).
KOHCTpyKTOpbLI NpeaHasHaveHbl AN co3gaHusi OObekToB
Knacca, n gng nHmymanusaummn atpubytoB oobekTa.

IMa KOHCTpYKTOpa Bcerga coBnagaeT ¢ MMeHeM Kracca.

KOHCTPYKTOP MOXET NpUHMMAaTb napameTpbl, HO HUKOrda He
BO3BpaLlaeT 3Ha4YEeHUs.

Knacc MOXeT coaepXaTb HECKONbKO KOHCTPYKTOPOB
(neperpyska KOHCTPYKTOPOB).

Ecnn B Knacce He 00bABMNEH KOHCTPYKTOP, TO KOMMUASATOP
NpenoCTaBUT KOHCTPYKTOP MO YMOM4YaHUo (CTaHOapPTHbLIN
KOHCTPYKTOP).

CTaHaapTHbIA KOHCTPYKTOP HE NPUHMMAET NapamMeTpoB U He
BbINOMHAET HUKaAKUX OeNCTBUN.



KOHCTpYKTOpbI

Rational::Rational()

{

std::cout << "Call the default constructor" << std::endl;
numer = 0;
denom = 1;

}

Rational::Rational(int n, int d)

{
std::cout << "Call constructor with parameters" << std::endl;
numer = n;
denom =d;

}

int main()

{

Rational r;
Rational r2(2, 3);

}



[lecTpyKTOpbI

[lecTpykTOp — 93TO MeETO4 Khacca KOTOpbIU
npeaHa3sHa4vYeH angd YHUYTOXKEHUSA 3K3eMMNsipoB Knacca,
a Takke Anst ocBob6oOXAeHUSA pecypcoB UCMOSb3YyEMBbIX B
obObeKkTax Knacca (Hanpumep ocBoboOXaeHUE NamsiTh).

[1eCcTpyKTOp HE NPUHUMAET NApPaMeTPOB N HE MOXET
BO3BpalLaTb 3HAYEHUeE.

Knacc MOXeT MMeTb TONbKO OAMH OEeCTPYKTOP.
iMa oecTpykTopa Ha4MHAETCA CUMBOSIOM «~»
[leCcTpyKTOpbl HE MOIYT NeperpyxaTtbcq.

,D,eCprKTOpr HEBO3MOXHO Bbl3BaTb, OHN BbI3bIBAKOTCHA
dBTOMaAaTN4eCKMN.

Ecnn B Knacce He o0bsABNEH OECTPYKTOP, TO
KOMMUAATOP NPeaocTaBUT AECTPYKTOP MO YMOSTYAHULIO
(CTaHgapTHbIV aecTpykTop). CTaHAapTHBIM AECTPYKTOP
He BbINOMNHAET HUKAKNX OEeUCTBUN.

[ecTpykTOp BCerga BbI3bIBAETCS NpU BbIXoae obbekTa 3a
npegensl 0brnactn BUOAMMOCTU



[lecTpyKTOpbI

Rational::~Rational()

{

std::cout << "Call destructor" << std::endl;

}

int main()

{

Rational r;
Rational r2(2, 3);

}



YpOBHUM OoCTynNa K YneHam Knacca

Ons NoaLePXKKU npuHUMna NHKancynsymu,
CYLLECTBYIOT TPU OCHOBHbIX YPOBHSI OOCTyna K YrneHam
kKrnacca. [llpyBegemM wux B NoOpsAKe OTKPbLITOCTM AOnNs
BHELLHUX abcTpakuum:

OTKkpbITbIU(public) gocTyn — 4YneHbl C 3TUM YPOBHEM
O0CTyna BUONUMbI BCEM KINMEHTaM Kriacca.

3awmueHHbIn(protected) pgoctyn — 4neHbl 3TOrO
YPOBHS BUOMMbI CaMOMYy Krliaccy, ero nofkraccam, WU
abcTpakumam.

3aKkpbiTbi(private) goctyn — u4neHbl 3TOr0 YPOBHS
BUOVMMBI TONBKO U3HYTPM CaMOro Knacca.



OTkpbITbIU(public) gocTyn

class Human

{
int Age;
string Name;

int main()
Human humanl;
humanl.Age = 18;

humanl.Name = "Tom";

cout << "Name: " << humanl.Name << endl;
cout << "Age: " << humanl.Age << endl;

Name: Tom

Age: 18




3awmueHHbIn(protected) pocTyn

class Human
{
protectead:
int Age;
string Name;

public:
void setAge(int age);
int getAge() -
void setName (string Name) ;
string getName () ;

)z

void Human::setAge(int age){ RAge = age; }
int Human::getAge() { return Age; }

void Human: :setName (string name) { Name = name; }
string Human: :getName () { return Name; }



3awmueHHbIn(protected) pocTtyn

int main()

{
Human humanl;
humanl.setAge (18);
humanl.setName ("Tom") ;

cout << "Name: " << humanl.getName () << endl;
cout << "Age: " << humanl.getAge() << endl;

return 0;



3aKkpbITbiU(private) gocTtyn

class Human

{
private:
int Age;
string Name;
public:
void setAge(int age):
int getAge():;
void setName (string Name) ;
string getName () ;
}:

void Human: :setAge(int age) { Age = age; }
int Human::getAge() { return Age; }

void Human: :setName (string name) { Name = name; }
string Human: :getName () { return Name; }



KOHCTPYKTOP KONMpPOBaHUS

public:
int Age;
char* Name;

Human (int age, const char¥ name);
~Human () ;

Human: :Human (int age, const char“* name)
{

cout << "constructor" << endl;

Age = age;

if (name != NULL)

{
Name = new char [strlen(name) + 1];
strcpy (Name, name);

}

else

Human: : ~Human ()
{
cout << "~destructor" << endl;
if (Name != NULL)
delete [] Name;

void showFunc (Human object)
{

cout << "Function takes a parameter" << endl;



KOHCTPYKTOP KONMMpPOBaHUS

int main()
{

Human humanl (18, "Tom");
showFunc (humanl) ;

return 0;



KOHCTPYKTOP KONMMpPOBaHUS

// KOHCTDYKTOP KOIMIA
Human: :Human (const Humané& CopySource)

{

cout << "Copy constructor: copying from MyString" << endl;
if (CopySource.Name != NULL)

{

Name = new char [strlen(CopySource.Name) + 1];
strcpy (Name, CopySource.Name);

else
Name = NULL;



“public’-HacnepgoBaHue

class A {}; // BasOBHI KJaccC
class B : public A {}; // Public-Hacineno

o

3 ad HU
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Ecnn knacc obbaBneH Kak 6a3oBbIn Anst APYyroro Kracca
CO cneumdgukaTopom goctyna «publicy:

— «public»-4neHbl 6a30BOro Knacca — AOOCTYMHbI Kak
«public»-4rieHbl NPOM3BOAHOIO Kiacca;

— «protected»-uneHbl 6a3o0BOro knacca — OOCTYMHbI
Kak «protected»-4neHbl NPoOnU3BOAHOrO Kracca;



“public’-HacnepgoBaHue

lass A

~

private: int x;
public: int y;
protected: int z;

}?

lass B: public A

~ N

public:
void update ()

x=100; //BymeT ommbKa
y=200; //y us Kjacca B cTano paBHEM 200
z=300; //z us kjacca B cTano paBHeM 300

volid show ()

cout << "y: " << y << endl;
cout =< TWz3 T <Zg

}:



“private”’-HacnenoBaHue

class Z : private A {}; // Private-HaciuemoBaHUe

«public»- n «protected»- uneHbl 6a30BOro Knacca —
OOCTYMHbI Kak «private»-4neHbl Npon3BogHOro Knacca.



“private”-HacrnenoBaHune

lass A

-

private: int Xx;
public: int y;
protected: int z;

|

class B: private A
{
public:
void update()
{
//%=100; //Bymetr ommbka
y=200; //y u3 knacca B crano pasHemM 100
z=300; //z u3s wiacca B crano paBHeM 100

}
}:

class C: public B
{
public:
void update ()
{
//Henb3sa HanpaMyw o6paTUThCS K private
//3IIeMeHTy YHacJIEOOBAaHHOMY OT POIOUTEIA
//x=300;
//y=300;
//z=300;



“protected”-HacrnenoBaHune

class C : protected A {}; // Protected-HaclemoBaHUE

«publicy n «protected» - uneHbl 6a3oBOro krnacca -
OOCTYMHbI Kak «protected»-4neHbl NPOMU3BOAHOIO Kiacca,



“protected”-HacnegoBaHue

class A

{
private: int x;
public¢: int y:
protected: int z;

| &

class B: protected A
{
public:
void update ()
{
//x=100; //BymeT ommbka
y=200; //y u3 kjmacca B crano paBHeM 100
z=300; //z u3 knacca B crano paBHeM 100

void update ()
{
//Henb3a HanpsaMymo obpaTUTbCA K private
/ /3JIeMEHTY YHacCJIeOOBAaHHOMY OT DPOIMTEIS
//x%x=300;

// protected]
y=300;
z=300;






ADCTpaKTHbIN Knacc

AbcTpakTHbIn Knacc B OOl — 6as3oBbin Knacc,
KOTOPbIN He npeanosiaraeT Cco3daHusa  3K3eMMNNspoB.
AOCTpaKkTHbIN KNacc MOXeT coaepXatb abcTpaKTHble
METOoAdbl N cBOMCTBA. ADCTpaKTHbIN METOO HE pearin3yeTcs
A8 Kracca, B KOTOPOM OnucaH, OAHaKo AOMmKeH OblTb
peann3oBaH Angd  ero  HeabCTpakTHbIX  MOTOMKOB.
AOCTpaKTHble Knaccbhbl npeacTtaBnaloT cobon Hanbonee
obuwne abcTpakuymm, TO €CTb UMeLWune HandonbLUUN
0OBbEM N HaMMeHblLLee coaepXaHue.



ADCTpaKTHbIN Knacc

class Account {
public:
Account( double d ): // Constructor.
virtual double GetBalance(): // Obtain balance.
virtual void PrintBalance () = 0; // Pure wvirtual function.



ADCTpaKTHbIN Knacc

OrpaHVI‘-IeHVIFI Ha MncnoJrsib3oBaHue 86CTpaKTHbIX KilaCcCoOB

AOCTpaKTHblEe KflacCbl HEBO3MOXHO MCMonb3oBaTh AN
cregyowmx aNneMeHToB:

* MEPEMEHHbIX U OaHHbIX YNEHOB;
* TUMOB apPryMeHTOB;

* TUNOB BO3BpaLlaeMblX PYHKUNAMU 3HAYEHNU;
* TUMOB SABHbIX NpeobpazoBaHU.



Bu pTyalibHbl€ METOAbI

BupTtyanbHbin meTopn (BUpTyaribHaag (PyHKUuUA) — B
OOI1l meton (dyHKUMA) Knacca, KOTOPbIM MOXET ObITb
nepeonpenernex B Krnaccax-HacneagHukax Tak, 4yTo
KOHKpETHasa peanusauns MeToda [naOna Bbi3oBa Oyaer
onpenensaTbCs BO BPeMdA MUcCNonHeHusa. Takum obpasom,
nporpamMmMmcTy Heobs3aTernbHO 3HaTb TOYHbIN
TMN obbekTa AN  pabdboTbl C HMM 4Yepe3 BUPTYyasribHbIE
METOAbl: 4OCTATOYHO NNLb 3HATb, YTO OOBLEKT NPUHAONEXUT

Knaccy WnNuM HacnegHwky Knacca, B KOTOPOM MeTon
00baABIEH.



Bu pTyalJibHbl€e METOAbI

BupTtyanbHble mMeTtoAbl MO3BOMST CO34aBaTb
OOLLKMIA KoM, KOTOPbIM MOXET pabdboTaTb Kak ¢ 00bekTamMmu
0a3oBOro krnacca, Tak Mm ¢ obbektamu nwoboro ero
Knacca-HacnegHuka. [llpyn  3Ttom  ©asoBbIN  Knacc
onpeaenseTt crnocob paboTbl ¢ obbekTamMn N NOLIE €ro
HacnegHMKU  MOryT  MpedocTaBnsATb  KOHKPETHYIO
peanun3auunto 3Toro criocoba.



public

| Wolf
Cless

- Anival

BupTyanbHble MeTOAbI

<«

public
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public

GoldFish
Class
+ Fish

<«



BupTtyanbHble MeToabl

void move () {
std: :cout <<

"This animal moves in some way" << std::endl;

"Animal ate something!" << std::endl;

}
virtual void eat () {
std: :cout <<
}
virtual ~Animal(){} // mecTpykTop

class Wolf
public:
void move () {
std: :cout <<

public Animal {

"Wolf walks"

}
void eat (void)
std: :cout <<

{ // mMeTon eat
"Wolf eats!"™

public Animal {
public:
void move () {
std: :cout << "Fish walks"
}
void eat (void)

std: :cout <<

{ // mMeTon eat

<< std::endl;

nepeonpenesnés ¥ TOXS HBJASSTCH BUDTYAJLHEM
<< std::endl;

<< std::endl;

nepeonpeneyiéd ¥ TOXEe HABJASSTCH BUPTYaNbHHEM

"Fish swims!" << std::endl;



Bu pTyalJibHbl€e METOAbI

int main(int argc, char *argv|])
Animal* zoo[] = {new Wolf(), new Animal (), new Fish()}:
for (int index = 0; index < 3; index++)
{

zoo[index]->move () ;
zoo[index]->eat ()

animal moves in some way

animal moves in some way

Animal ate something!
his animal moves in some way
Fish eats!




BupTtyanbHble MeToObl

nid wvirtual move () {
std::cout << "This animal moves in some way"”" << std::endl;
virtual nid eat () {
std::cout << "Animal ate something!" << std::endl;
irtual ~Animal () { eCTPpYKTOoP

Wolf walks
Wolf eats!

This animal moves in

some

Animal ate something!
Fish swims
Fish eats!




BuptyanbHbIN OECTPYKTOP

class Animal {
public:
void virtual move () {
std::cout << "This animal moves in some way" << std::endl;
}
virtual void eat() f{
std::cout << "Animal ate something!" << std::endl;
}
virtual ~Animal () { std::cout << "Animal destructor” << std::endl; } // mecTpykTop

class Wolf : public Animal {
public:
void move () {
std: :cout << "Wolf walks" << std::endl;
}
void eat(void) { // MeTon eat nepeonpeneynéd M TOXE SBASSTCH BMPTYaNbHEM
std: :cout << "Wolf eats!" << std::endl;

~Wolf(){ std::cout << "Wolf destructor” << std::endl; }

class Fish : public Animal {
public:
void move () {
std::cout << "Fish swims" << std::endl;
}
void eat(void) { // MeTon eat nepeonpeneynéd M TOXE SBASETCH BMPTYaNbHEM
std::cout << "Fish eats!" << std::endl;
}
~Fish(){ std::cout << "Fish destructor” << std::endl; }



BuptyanbHbIN OEeCTPYKTOP

main (int argc, char *argv|[])

Animal* zoo[] = {new Wolf(), new Animal (), new Fish{()}:
or (int index = 0; index < 3; index++)

Z00
jala)

index]->move ()
index]->eat ()
te zoo[index]:

™
MM o~ -

Wolf walks

Wolf eats!

Wolf destructor

Animal destructor

This animal moves in some way
Animal ate something!

Animal destructor
Fish swims

Fish eats!

Fish destructor
Animal destructor




BuptyanbHbIN OEeCTPYKTOP

Ecnn gectpyktop 06bsBNEH Kak BUPTYyarbHbIA, TO NpU
BbI30OBE €ro Yyepes ykasaresrib Ha 00bekT Oa3oBOro Kracca
(yuepe3 delete) Oyomer BbI3BaH BHa4dane AOeCTPYKTOP
NpPon3BOAHOIO Knacca, a 3aTeM [OecTpykTtop ©0asoBoro
Krnacca.



[lpnBegeHne TMNOB
const_cast

CHumaet cv qualifiers — const n volatile, To ecTb
KOHCTAHTHOCTb M OTKa3 OT OnTUMU3auUun KOMMUITATOPOM
nepeMeHHon. JOTO npeodbpa3oBaHME T[MPOBEPSETCA Ha
YPOBHE KOMMNUMALUMU N B Criydae owWnbKN NnpmBegeHust TUNoB
byaeTt BblgaHO cooDLLEHME.

CUHTaKkcuc:
TYPE const_cast<TYPE> (object);



[lpnBegeHne TMNOB
const_cast

int main()
{
const int i = 5;
const int * pi = &i;
// *pi mmeeT THUn const int,
// HO Pl yKasHBaeT Ha int, KOTOPEM KOHCTAHTHEM HE SBJIIAETCSH
int* j = const cast<int *> (pi);

cout << "j = " << *j << endl;
*j = 10;
cout << "j = " << *j << endl;

return 0;



[lpuBegeHmne TUNOB
static_cast

[TIpeobpasyeT BbipaXXeHUss 0OgHOro CTaTtu4yecKkoro Tmna B
OObeKkTbl W 3Ha4YeHUs Opyroro cTaTuyeckoro Tuna.
[MogaepxmnBaeTcsi npeobpas3oBaHNE YUCIIEHHbIX TUMOB,
yKasaTterniem u CCbIFIOK MO UWepapxmn HacriegoBaHUst Kak
BBEPX, Tak U BHU3. [lpoBepka Npou3BOAUTCS Ha YPOBHE
KOMMUNSUMK, Tak YTO B criydae owunbkn cooblieHne oyoer
NoNy4Y4eHO B MOMEHT COOPKN NPUNOXKEHUA nnn BMbnnoTeku.

CUHTakKkcuc:
TYPE static_cast<TYPE> (object);



[lpuBegeHmne TUNOB
dynamic_cast

cnonbayeTca ong auHamu4yeckoro npmeeneHus TMnoB BO
BpeM4d BbINOSIHeHUA. B cny4vae HenpaBunbHOMo npuBeneHUs
TUNOB A1 CCbINIOK BbI3biBAETCH WUCKMIOYUTENbHAA CUTyauus
std::bad _cast, a gna ykasatenem 6ynetr BosBpaweH O.
Ncnonbayetr cuctemy RTTlI (Runtime Type Information).
bBesonacHoe npuBegeHne TUMNOB MO Mepapxun HacnenoBaHUs,
B TOM 4ucCne 4nsg BUpTyanbHOro HacrnenoBaHus.

CUHTaKkcuc:
TYPE& dynamic_cast<TYPE&> (object);
TYPE* dynamic_cast<TYPE™> (object);



[lpuBegeHmne TUNOB
reinterpret_cast

[TpnBegeHne TunoB Oe3 npoBepku. reinterpret cast —
HenocpeaCcTBEHHOE yKasaHume KomnunaTtopy. [lpumeHseTcs
TONIbKO B Cny4yae noOJfiHOW YBEpPEeHHOCTU MnporpamMmmMucTta B
CODOCTBEHHbLIX AencTBuAX. He CHMMaeT KOHCTaHTHOCTb W
volatile. npumeHsaeTca ana npuBegoeHUA ykasaTtena K
yKasaTento, ykasaresns K uernomy n Haobopor.

CUHTakKcuc:
TYPE reinterpret _cast<TYPE> (object);



