New theme

Improving structure with
iInheritance



Main concepts to be covered

* Inheritance

« Subtyping

« Substitution

* Polymorphic variables




Inheritance: Introduction

e The inheritance allows subclasses to inherit all
properties (variables and methods) of their parent
classes. The different forms of inheritance are:

o Single inheritance (only one super class)

0]

Multiple inheritance (several super classes)

0]

Hierarchical inheritance (one super class, many sub
classes)

o

Multi-Level inheritance (derived from a derived class)

o

Hybrid inheritance (more than two types)

o

Multi-path inheritance (inheritance of some properties
from two sources).



Forms of Inheritance

B
r'y
B

(a) Single Inheritance (b) Multiple Inheritance (c) Hierarchical Inheritance

C D D

(a) Multi-Level Inheritance (b) Hybrid Inheritance (b) Multipath Inheritance



Inheritance - Example

* Circle Class can be a subclass (inherited
from) of a parent class - Shape

Shape
JAN

Circle Rectangle




Inheritance - Example

* Inheritance can also have multiple levels.

Shape
0\

Circle Rectangle

AN

GraphicCircle




Uses of Inheritance - Reuse

e If multiple classes have common
attributes/methods, these methods can be moved
to a common class - parent class.

» This allows reuse since the implementation is not
repeated.

Example : Rectangle and Circle method have a
common method move(), which requires
changing the centre coordinate.



Uses of Inheritance - Reuse

Circle

centre
radius

area()
circumference()
move(newCentre)

\

\

move(newCentre){
centre = newCentre;

}

Rectangle

centre
height
width

area()
circumference()
move(newCentre)

/

move(newCentre){
centre = newCentre;

}




Uses of Inheritance - Reuse

Shape

centre

area()
circumference()
move(newCentre)

/

move(newCentre){
centre = newCentre

}

PAN

Circle

radius

area()
circumference()

Rectangle

height
width

area()
circumference()




Uses of Inheritance - Specialization

 Specialized behavior can be added to the child
class.

¢ In this case the behaviour will be implemented in
the child class.

° E.g.The implementation of area() method in the

Circle class is different from the Rectangle class.

* area() method in the child classes override the
method in parent classes().

10



Uses of Inheritance - Specialization

Circle

centre
radius

area()
circumfdrence()
move(newCentre)

area(){
return pi*r2;

}

Rectangle

centre
height
width

area()
circumference()
move(newCentre)

area(){

return height*width;
}

1



Uses of Inheritance - Specialization

Shape
‘ area(); - Not implemented
centre _ And left for the child classes
To implement
area()
circumference()
move(newCentre)
AN
area(){
- _ Rectangle
Circle return pi*r~2; °
"}
height
radius width
area() area(N S area()
circumference() ) return height*width; circumference()

12



Uses of Inheritance - Common
Interface

* All the operations that are supported for
Rectangle and Circle are the same.

e Some methods have common implementation and
others don’t.

> move() operation is common to classes and can be
implemented in parent.

° circumference(), area() operations are significantly
different and have to be implemented in the respective
classes.

e The Shape class provides a common interface
where all 3 operations move(), circumference() and

area().

13



Uses of Inheritance - Extension

* Extend functionality of a class.

 Child class adds new operations to the parent class
but does not change the inherited behavior.

> E.g. Rectangle class might have a special operation
that may not be meaningful to the Circle class —
rotate 90 degrees()

14



Uses of Inheritance - Extension

Shape

centre

area()
circumference()
move(newCentre)

PAN

Circle

radius

area()
circumference()

Rectangle

height
width

area()
circumference()

rotate90degrees()

15



Knac Employee

1 class Employee {

2 string name_;
3 long id_;
Employee s public:

-name_: string ° Employee (string name,long id)

_id : lona 6 : name_ (name) ,id_(id)

+get_name(): string . {}
+get_id(): long

8 string get_name () const;

9 long get_id () const;



Knac Manager

Manager

-name_: string
-1d_: long
-level : int

+get_name(): string
+get_id(): long
+get level(): int

1 class Manager {

2

3

4

string name_;
long id_;
int level_;

s public:

o]

10
11
12
13

14

15 F 3

Manager (string name,
long id,
int level)

:name_ (name), id_(id),

level_(level)

{1}

string get_name () const;

long get_id () const;

int get_level() const;



Knacosete Employee n Manager

o MeHnaxbupsT (Manager) e Bug pabotHuk (Employee).

e Knacet Manager nputexaBa BCUYKM aTpubyTh n metToau
Ha knaca Employee.

e OcBeH aTpmbyTnTe N MeToauTe Ha Knaca Employee,
knacbT Manager npuTexasa HAKOU AO0Mb/IHUTENHU
CBOWCTBA:

° HMBO B NepapxuaTa (level_);
° rpyna oT NOAYNHEHW;

Manager
Employee -name_: string
-name_: string -id_: Tlong
-1d : long -level : int
+get_name(): string +get_name(): string
+get_id(): long +get_1d(): long
+get_level(): int




HacnepasBaHe

Employee

-name_: string

-1d _: long
+get_name(): string
+get_1d(): long

JAN

Manager

-level : int
+get level(): 1int

* 3a Aa ce Mmogenmpa nogobeH
BUA OTHOLLUEHNE MEXAY
KJlacoBeTe B 0beKTHO-
OPUEHTUPAHOTO
NnporpaMmmpaHe ce n3noJi3Ba
HacneasBaHe.

e Knacbt Employee ce Hapuua
6a30B Knac nam cynep kaac.

e Knacet Manager ce Hapuya
NPOU3BOAEH KJ1aC UK
HacnegHUK.



KoHuenuuaTa HacneanasaHe

» HacnepanaBsaHe e npouec Ha Cb34aBaHe Ha HOBW
K/JlacoBe, Hape4yeHU NopPoAEeHM KJ1acoBe, OT
CbLLEeCTBYBALLLM KJ1ACOBEe, HapeyeHn 6a3osw.

* [MopoaeHnaT HacneaaBa ba3oBus, kKaTo gobaBs
M CBOM COOCTBEHM eNeMEHTU — Al aHHU U[Uan
MeTOoAM.

* Ba30oBUAT KNacC He ce BAUSAE, HE Ce MPOMEHS.

* MopoaeHmnaT knac e GyHKLMOHANHO no-borat
oT 6a3oBusA Kaac.



Nepapxusa Ha ki1acoBeTe

More General
A

class CBox
m_Length
m_Width
m_Height

[

class CCarton class CCandyBox class CCrate

m_MaxWeight m_Contents m_nBottles

\

class CBeerCrate

m_Beer

Y

More Specialized



Bba3oB K/n1ac U HacneAHUK

Derived Class

Base Class Inherited
Members
Data Members >
Function Members >
Constructors 7/ No
Destructor 7/ No
Overloaded = operator 7/ No
Other Overloaded Operators -

Data Members
Function Members

Other Overloaded Operators

Own Data Members
Own Function Members
Own Constructors

Own Destructors




N3knrwuyeHUs

He ce HacsieaaBar:

e KOHCTpyKTOPUTE N ACTPYKTOPA

* OnepaTopbT =

* [puatencknTe PyHKLUN N KNacoBe



CuHTakcuc (C++)

class derived-class:access base-class

{

body of new class



MoaudukaTop 3a AOCTbN

® private
e public

e protected



class CABox:public CBox
{
inherited as —— > public:

inherited as ———— protected:

- & @

class CBox
{ blic: class CBBox:protected CBox
public: {
cee inherited as ———» protected:
protected: T
L inherited as ——— protected:
private: — y
}
Y
No access - ever. class CCBox:private CBox
{

inherited as ———» private:

inherited as ——» private:

- & @



[Mpumep 3a 6a308B Knac

class Employee {
public:
EFmployee (string theName, float
thePayRate) ;
string getName () const;
float getPayRate () const;
float pay(float hoursWorked) const;

protected:
string name;
float payRate;

}



Employee: :Employee (string theName, float thePayRate)
{

name = theName;
pavRate = thePavRate;

;

string Employee::getName () const

i

return name;

'

float Emplovyee: :getPayRate() const
{

return payRate;

)

float Emplovyee: :pay(float hoursWorked) const
{

return hoursWorked * pavRate;

}



[lpumep 3a Hacne4HUK

class Manager : public Employvee {
public:
Manager (string theName,
float thePayRate,
bool 1sSalaried) ;

bool getSalaried() const;
float payv(float hoursWorked) const;
protected:

bool salaried;

Is



Manager: :Manager (string theName,
float thePayRate,
bool isSalaried)

Employvee (CtheName, thePayRate)

{

salaried = isSalaried;

I

bool Manager::getSalaried() const

{

return salaried;

I

float Manager: :pav(float hoursWorked) const
{
1f (salaried)
return pavRate;
/* else */
return Employee: :pay(hoursWorked) ;

I



[lpumep 3a u3nonsBaHe Ha
KnacoBeTe

Employee empl ("John Burke", 25.0);

// Print out name and pay (based on 40 hours work).
cout << "Name: " << empl.getName () << endl;

cout << "Pay: " << empl.pay(40.0) << endl;

Manager mgr ("Jan Kovacs", 1200.0, true);

// Print out name and pay (based on 40 hours work).
cout << "Name: " << mgr.getName () << endl;

cout << "Pay: " << mgr.pay(40.0) << endl;



MeToau

* [1pn peanmsaymata Ha NPOU3BOAEH Kaac ce
M3MOA3BAT CAaMO NYHANYHUTE METOAMU U YNIeH-
npomMeHAnBKM Ha ba3oBuMS Kaac.

e KaTo KOMNpOMMUC MOraT Aa ce U3MNo/i3BaT
3awmTeHmn (protected) yneH-npomeHANBY U
MeToAMN.

e 3aWMTEHUTE YneHoBe Ha 6a30BMA K1ac ce
AbpXKaT KaTo nyb6anynHm (public) 3a uneHoBeTe
Ha MPOV3BOAHUTE K/ACOBE M KaTO CKPUTU
(private ) 3a BCMYKM OCTaHaIN PYHKLMUN.



B 6a30BKs 1 Nnpon3BogHMUSA KJ1acoBe MOXe Aa ce gepuHmnpat
MeTOAM C e4HAKBM MMEHa.

B knacosete Employee n Manager e aedunHupaH metog, ¢
e/ HO 1 CbLLo ume — print().

KoraTto B k/1laca Hac/ieAHMK CKaMe Aa M3N0a3BaMe MeToAa
print(), aedunHmpaH B 6a30BUAT Knac, TpabBa ga n3nonssame
MbJHOTO MY MMe.

void Manager :: print ( void ) const {
Employee :: print ();
/...
}
CneaHaTa feduHMLMSA e HeKopekTHa (be3kpanHa pekypcus):
void Manager :: print ( void ) const {
print ();
/...



KoHCTpyKTOpMU

* [pu cb3gaBaHe 06eKT OT NPOU3BOAEH KAAC: MbPBO
ce cb3gaBa 6a30BMAT KA1ac, el TOBa Ce Cb34aBaT
Y/1IeH-NPOMEH/IMBUTE HA MPOU3BOAHUSA KNAC U CNes
TOBa CAMUSIT NPOM3BOAEH KAac.

1 class Manager: public Employee A

2 int level_;

s public:

4 Manager (string name, long id, int level)
5 : Employee (name,id),

6 level_(level)

7 1}

3

o };



KoHcTpykTOpMU

* B KOHCTpYyKTOpa Ha NPOU3BOAHMSA KJ1aC MOraT Aa ce
MHULLMAIN3UPAT YIEH-MPOMEHANBUTE, KOUTO Ca
A,EKNAPUPAHN B MPOM3BOAHMUSA KAac.

* He e Bb3MOXHO fa Ce€ MHULUANM3NPAT AUPEKTHO YNEH-
npoMeHAnBUTE Ha ba3oBuMs Kac.

e Ako 6a30BMAT K/1aC HIMa KOHCTPYKTOP Mo nogpasbupaHre,
TO B MPOU3BOAHMSA KAAC 3a4b/KUTENHO TpabBa fa ce
N3BMKA KOHKPETEH KOHCTPYKTOP Ha 6a30BMAT Knac.

e AKO B NPOM3BOAHMSA KNAC HE € U3PUYHO YKa3aHO KO
KOHCTPYKTOP Ha 6a3oBus knac TpsibBa Aa ce M3BMKQ, TO We
Ce U3BMKA KOHCTPYKTOPBT No nogpasbupaHe Ha 6a3oBusS
Knac.



Inheritance and Polymorphism in a program

(second example & point of view)

« must have base class with may be some (virtual) functions with different meaning in
future

« let see an idea of base class (will be used for planets and spaceships as well):

class Orbiter

{
private: //[data members
double m_mass; /Im__is a prefix convention for data members
XY m_prior, m_current, m_thrust; /lthrust is needed for fly() — initial force.For
/I planets thrust is always (0,0)
public: /I member functions
Orbiter( XY current, XY prior, double mass); /[ constructor
XY GetPosition() const; /l only reads data members
void Fly();
h ™)

WL

—



Inheritance and polymorphism

« Now -an enriched class version with a display() method. This method
differs for planets and for flying objects:

class Orbiter
{
protected:
double m_mass;
XY m_current, m_prior, m_thrust;
public:

Orbiter( XY current, XY prior, double mass)
{ m_current = current; m_prior = prior; m_mass = mass; }
XY GetPosition() const;
void Fly();
virtual void Display() const; /[ virtual !
/lwe must think about object future polymorphism

@

—

—



Inheritance and polymorphism

* the following example assumes that orbiterArray[ | contains pointers to
a mixture of objects of classes derived from Orbiter:

extern Orbiter* orbiterArray(];
for(inti=0;i<MAX; i++)
{

orbiterArray[i] ->Fly();

orbiterArray[i] -> Display();
}

* idea of pure virtual functions

(if one exist in a class declaration, it's forbidden to construct an object of
that class )

Example:
virtual void Display() const =0;

@

e

&
WL

TR
=



Derived classes

public:
Planet( XY current, XY prior, double mass) :Orbiter( current, prior, mass) {}
void const;

private: double m_fuel; XY m_orientation;
public:

SpaceShip( XY current, XY prior, XY thrust, double mass, double fuel, XY orientation)
: Orbiter(current, prior, mass)

{m_orientation = orientation; m_fuel =fuel;
m_thrust = thrust; /I m_thrust was Orbiter’s data member

}

void const;
/[ maybe another members of the class follows

If omitted — mistake!. The compiler would have tried to
use default, but this is missed in Orbiter.



MoanmopPpusbvm

e MonnmopPuUaMbT € CBOUCTBO HA Y/1EH-
dYHKLMUTE N Ce peannsnpa C BUPTYasIHU
bYHKLMM.

Tou ce CbCTOM B OCUTypsiBaHE Bb3MOXHOCTTA
reHepupaHusa Koa Aa ce AbpPXn Mo pasanyeH
Ha4YMH B 3aBMCUMOCT OT YCN0BMUSA, ONpesesisiHn
Mo BpeMe Ha M3NbJIHEHMETO Ha NporpamarTa.
NaeaTa Ha Te3n PyHKLMM Ce OCHOBABA

Ha BWAQA Ha CBbP3BaHETO MM (CTaTUYHO MU
PaHHO 1 CbOTBETHO AUHAMMUYHO V1N KbCHO)



CTaTUYHOTO CBbp3BaHe

e CTaTUYHOTO CBbpP3BaHe Ha TMMa Ha
obekTa C M3BMKBAHATA YNeH-QYHKLUNSA
CTaBa Mo BpemMe Ha KOMMNUAALMATA U He
ce NPOMEHS NpU U3MbJIHEHME Ha
nporpamara. CBbp3BaLlLUAT pesakTop
3aMeCTBa MMeHaTa Ha U3BMKBAHUTE
DYHKLUN C KOHKPETHUTE UM ajpec.



AAVNHAMUYHOTO CBbP3BaHe

e INHAMMYHOTO CBbP3BaHe Ha TUMA Ha
obekTa C M3BMKBaHATa YaeH-PYHKLMUSA €
No BpeMe Ha U3NbJIHEHUE Ha
nporpamarta. [1pn n3BMKBAHETO Ha
dYHKLMSA Ce 3a4aBa CAaMO MMETO, HO He U
KOHKPeTHUA agpec Ha npexoaa. lamn no
Bpeme Ha U3nbJIHeHue ce 4aBa
Bb3MOXHOCTTA 33 NPOMSAHA Ha BPb3KUTE
MeXAy MMeHa 1 agpecn. KbCHOTO
CBbp3BaHe ce onpejend ypes AymMaTa
virtual.



XapakTepuUCTUKM Ha BUPTYaANHUTE
DYHKL UM
* YneHoBe Ha K/1aca;

o [leknapupar ce C KAo4OBaTa A4yMa
virtual;

* B noposeHuna Kki1ac uMa pasinvyHa
PYHKLMOHA/THOCT.



[Tpumep

class Animal {
public:
virtual wvoid eat ()
{
cout << "I eat

like a generic Animal."
<< endl;

}
by



virtual functions

« virtual functions can be called in a base class as well as
from outside the class;

e if Orbiter class contains
Orbiter::Fly()

and that function uses angular momentum for his
computations, which is specific to every derived class.
So it's convenient to declare it in Orbiter like this:

protected:
virtual XY GetSpecificCalculation() const = 0;

and every derived class is obliged to provide his overriding
function implementation.



HeonpegeneH BupTyazseH MeTo/,

e T.Hap. YNCTU BUPTYANHN QYHKLUN
* MeTog, KOUTO MMa AeKapaums, HO HAMA
AebnHULMS.

 /13anon3Ba ce npucBosiBaHe Ha CTOMHOCT
0.



AbcTpaKkTeH Knac

» Knac, B KOUTO e geksapmpaH noHe e4unH
HeonpejesieH BUPTYyasleH METOA.

classShape{
public:
virtualvoid draw ( void ) const =o;



[pumep

class Abstract

{
public:
virtual void pure virtual() =0;

by



OcobeHocTHu 1/2

 (O6ekTn oT abCTpaKkTHM KNacoBe He MOraT Aa

6bAaT Cb3aBaHM:
Abstract x; //Error

e ABCTpaKkTHUTE KJIaCOBe MOraT Aa ce
M3N0/13BaT KaTo 6a30BM 3a ApYyru KJacoBe.

e ABCTpakTHMTE KNACcOBe He MOoraT Aa ce
M3MOA3BAT, KaTO TUM HA NAPAMETPU U TUN Ha

BbpHAaTaTa CTOMHOCT Ha PyHKLMUTE:

Abstract func(); //Error
Float f(Abstract); //Error



OcobeHocTU 2/2

* MeToauTe Ha abCcTpakTHMTE KNacoBe MOraT 43
Ce U3BUKBAT OT TEXHUTE KOHCTPYKTOPWU, HO
M3BMKBAHE Ha YNCTA BUPTYasIHA PYHKLMS He e
Bb3MOXHO M BOAM 4,0 rpeLlKka no BpeMe Ha
M3MbJIHEHWE HA MPOrPaMUTE;

o lonycTnmo e gePuHMpaHe 1 N3NoaA3BaAHE HA
yKa3zaTean KbM abCTpakTHU K/1acoBe U

NnceBAOHUMMW Ha abBCTPaKTHM K/1lacoBe:
Abstract *ptr;
Abstracté& f (Abstract &);



[pumep 1/3

#include <iostream>
using namespace std;
class CPolygon
{
protected:
int width, height;
public:
vold set values (int a, 1int b)
{ width=a; height=b; }
virtual int area (void) =0;

b



[Tpumep 2/3

class CRectangle: public CPolygon
{
public:
int area (void)
{return (width * height),; }
bi
class CTriangle: public CPolygon
{
public:
int area (void)
{ return (width * height / 2);

b



[Mpumep 3/3

int main ()

{
CRectangle rect;
CTriangle trgl;
CPolygon * ppolyl = &rect;
CPolygon * ppoly?Z &trgl;
ppolyl->set values (4,5);
ppolyZ2->set values (4,5);
cout << ppolyl->area () << endl;
cout << ppoly2->area () << endl;
return 0O;



/I Specification file for the Student class (Student.h)
#include <Cstring> // For strcpy

const int NAME_SIZE = 51;
const int ID_SIZE = 21;

class Student

{
protected:

char name[NAME_SIZE]; /l Student name

char idNumber[ID_SIZE]; /l Student ID

int yearAdmitted; /I Year student was admitted
public:

// Default constructor

Student() { name[0] ="\0’; idNumber[0] ="\0; yearAdmitted = 0; }

/I Constructor
Student(const char *n, const char *id, int year)

/l The set function sets the attribute data.
void set(const char *n, const char *id, int year)
{ strncpy(name, n, NAME_SIZE); // Copy the name

{ set(n, id, year); }

name[NAME_SIZE - 1] ="\0}; /I Place a null character
1 A.é;:.issor functions
const char *getName() const { return name; }
const char *getldNum() const { return idNumber; }
int getYearAdmitted() const { return yearAdmitted; }

// Pure virtual function

virtual int getRemainingHours() constin_



/I Specification file for the CsStudent class (Cstudent.h)
#include "Student.h"

/I Constants for required hours

const int MATH_HOURS = 20; // Math hours

const int CS_HOURS =40; // Computer science hours
const int GEN_ED_ HOURS = 60; // General Ed hours

class CsStudent : public Student
{ private:

int mathHours; // Hours of math taken
int csHours;  // Hours of Computer Science taken
int genEdHours; // Hours of general education taken
public:
/I Default Constructor

CsStudent() : Student() { mathHours = 0; csHours =0;

/I Constructor
CsStudent(const char *n, const char *id, int year) :

// Mutator functions

void setMathHours(int mh) { mathHours = mh; }
void setCsHours(int csh) { csHours =csh; }
void setGenEdHours(int geh) { genEdHours = geh; }

/I Overridden getRemainingHours function, defined in CsStudent.cpp

virtual int getRemainingHours() const;

Student(n, id, year)
{ mathHours = 0; csHours =0; genEdHours =0; }

genEdHours =0; }



#include <iostream>
#include "CsStudent.h"
using namespace std;

//****************************************************

I/l The CsStudent::getRemainingHours function returns *
// the number of hours remaining to be taken. *

//****************************************************

int CsStudent::getRemainingHours() const
{
int reqHours, // Total required hours
remainingHours; // Remaining hours

/l Calculate the required hours.
reqHours = MATH_HOURS + CS_HOURS + GEN_ED_ HOURS;

/[ Calculate the remaining hours.
remainingHours = reqHours - (mathHours + csHours +
genEdHours);

// Return the remaining hours.
return remainingHours;

}



I/l This program demonstrates the CsStudent class, which is
/[ derived from the abstract base class, Student.

#include <iostream>

#include "CsStudent.h"

using namespace std;

int main()
{
I/l Create a CsStudent object for a student.
CsStudent student("Jennifer Haynes", "167W98337", 2006);

// Store values for Math, Computer Science, and General Ed hours.
student.setMathHours(12); // Student has taken 12 Math hours
student.setCsHours(20); // Studeht has taken 20 CS hours
student.setGenEdHours(40); // Student has taken 40 Gen Ed hours

// Display the number of remaining hours.

cout << "The student " << student.getName()
<< " needs to take " << student.getRemainingHours()
<< " more hours to graduate.\n";

return O;

}



Uses of Inheritance - Multiple
Inheritance

GraphicCircle Shape
color centre
. area()
paint() circumference()
move(newCentre)
AN
PaN

Circle
radius
area()
circumference()




MHOXeCcTBO Hac/ieaAfiBaHe

e MHOXecTBeHO

HacneasABaHe
ce Hapunya Extorsys

HacneaABaHe-
TO, NP KOETO
elVH Knac e
npsK

HacleAHWK Ha
noBseye OoT e4UH Ext] Ext2

npeallecTee-
HULM.
Trainifig



class Exforsys

{
protected:

int x:

}s

class Exfl:public Exforsys
{17

class ExfZ:public Exforsys
{ 1

class Training:public Exfl,public ExfZ2
{

public:

int example ()

{

return x;

1

}s



class Exforsys
{

protected: * [lpomeHs ce
int x; TUNBT Ha

Hac/iegsaBaHe Ha
6a3oBusA Knac ot
npeknTe My
Hacne4HULUMN,
KaTO Ce ONnumcBag,
ye TOM ce
Hac/sieaaBa
lass Exf2:virtual public Exforsys BUpTYyanHo. B

}; TO3M CyY4an B

KJlaca Wwe ce

class Training:public Exfl,public Exf2 HaCcNeAAT caMo

I Nno e4HO KOoMnue Ha
public: Y/ZleH-AaHHUTEe Ha
6a3oBuA Knac.

lass Exfl:virtual public Exforsvys
¥

int example ()
{

return x,;

¥
};



Multiple inheritance. Example:

{

protected:
int day;
int month;
int year;
public:
/l Default constructor
Date()
{day = 1; month = 1; year = 1900; }

I/l Constructor
Date(int d, int m, int y)
{day =d; month =m; year =vy; }

I/l Accessors
int getDay() const
{ return day; }

int getMonth() const
{ return month; }

int getYear() const
{ return year; }

1



Multiple inheritance. Example:

{

protected:
int hour,;
Int min;
int sec;
public:
/I Default constructor
Time()
{ hour =0; min =0; sec =0; }

/l Constructor
Time(int h, int m, int s)
{ hour =h; min=m; sec =s; }

Il Accessor functions
int getHour() const
{ return hour; }

int getMin() const
{ return min; }

int getSec() const
{ return sec; }

h



Multiple inheritance. Example:

{

protected:
char dateTimeString[DT_SIZE];
public:
// Default constructor
DateTime();

I/l Constructor
DateTime(int, int, int, int, int, int);

/[ Accessor function
const char *getDateTime() const
{ return dateTimeString; }

h



Multiple inheritance. Example:

#include <cstring>  // For strcpy and strcat
#include <cstdlib>  // For itoa
#include "DateTime.h"

/l Constant for temp array size
const int TEMP_SIZE = 10;

{ strcpy(dateTimeString, "1/1/1900 0:0:0"); }

{ char temp[TEMP_SIZE]; // Temporary work area for itoa()

/I Store the date in dateTimeString, in the form MM/DD/YY
strcpy(dateTimeString, itoa(getMonth(), temp, TEMP_SIZE));
strcat(dateTimeString, "/");

strcat(dateTimeString, itoa(getDay(), temp, TEMP_SIZE));
strcat(dateTimeString, "/");

strcat(dateTimeString, itoa(getYear(), temp, TEMP_SIZE));
strcat(dateTimeString, " ");

/] Store the time in dateTimeString, in the form HH:MM:SS
strcat(dateTimeString, itoa(getHour(), temp, TEMP_SIZE));
strcat(dateTimeString, ":");

strcat(dateTimeString, itoa(getMin(), temp, TEMP_SIZE));
strcat(dateTimeString, ":");

strcat(dateTimeString, itoa(getSec(), temp, TEMP_SIZE)); }



Multiple inheritance. Example:

[f-This program demonstrates a class with multiple inheritance.
#include <iostream>

#include "DateTime.h"

using namespace std;

int main()

{

/I Define a DateTime object and use the default constructor to initialize it.
DateTime emptyDay;

I/l Display the object's date and time.
cout << emptyDay.getDateTime() << endl;

I/l Define a DateTime object and initialize it with the date 2/4/60 and the time 5:32:27.
DateTime pastDay(2, 4, 60, 5, 32, 27);

/I Display the object's date and time.
cout << pastDay.getDateTime() << endl;
return O;




*To call function or data from the super class (as BankAcount), we can write:
__super::function(..);

*In managed code you can define a class as ‘sealed’. This means the class cannot
be inherited from. It’s useful security measure

sInheritance can be made through interfaces as well through parent classes.

An interface is similar to a class, but all the member functions in it are pure virtual.
So, an istantiation of interface cannot be made!!

Interfaces are useful for defining common capabilities for diverse classes with
Different realizations.

sInterface example in managed C++ :

__gc __interface IStorableAsXml

{
void ReadFromXmlFile(String *XmlFileName);

void WriteToXmlFile(String *XmlFileName);

__gc __ sealed class SavingAccount : public BankAccount, public IStorableAsXml

{
public:
/I override functions from the interface

/I other members, as before



Interfaces

o is a conceptual entity similar to a
Abstract class.

» Can contain only and
(no implementation) -
Different from Abstract classes.

e Use when a number of classes share a common
interface.

* Each class should implement the interface.



Interfaces: An informal way of
realising multiple inheritance

* An interface is basically a kind of class—it contains
methods and variables, but they have to be only
abstract classes and final fields/variables.

* Therefore, it is the responsibility of the class that
implements an interface to supply the code for
methods.

* A class can implement any number of interfaces, but
cannhot extend more than one class at a time.

e Therefore, interfaces are considered as an informal
way of realising multiple inheritance in Java.



Interface - Example

Politician Priest Lecturer

speak() speak() speak()




x

Inheritance allows the definition of classes as
extensions of other classes.

Inheritance

— avoids code duplication

— allows code reuse

— simplifies the code

— simplifies maintenance and extending

Variables can hold subtype objects.

Subtypes can be used wherever supertype
objects are expected (substitution).

Review



