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: Point aial) ol o I calall
#ifndef POINT_H
#define POINT_H
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class Point

{

public:
Point( int = @, int = 0 );
void setX( int );
int getX() const;
void setY( int );
int getY() const;
void print() const;

private:
int x;
int y;

}s

#endif
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// function PointF
#include <iostream>
#include "point.h"
using namespace std;
Point: :Point(int xValue,int yValue)
{
x=xValue;
y=yValue;
}
void Point::setX( int xValue )
{ X = xValue; }

int Point::getX() const
{ return Xx; }
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void Point::setY( int yValue )
{ vy = yvalue; }

int Point::getY() const

{ return y; }
void Point::print() const
{ cout << "[' << getX() << ", " << getY() << ']';}

: Circle.h ciial) ciyail ul)l) calal
#ifndef CIRCLE_H
#define CIRCLE_H
#include "point.h"
class Circle : public Point {
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public:
Circle( int = @, int = 9, double = 0.0 );
void setRadius( double );
double getRadius() const;
double getDiameter() const;
double getCircumference() const;
double getArea() const;
void print() const;

private:
double radius;

}s

#endif
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: CircleF caiall ot cala
// function CircleF

#include <iostream>

#include "circle.h"

using namespace std;

Circle::Circle( int xValue, int yValue, double radiusValue ):
Point( xValue, yValue )

{ setRadius( radiusValue );}

void Circle::setRadius( double radiusValue )
{ radius = ( radiusValue < 0.0 ? 0.0 : radiusValue );}

double Circle::getRadius() const
{ return radius; }
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double Circle::getDiameter() const
{ return 2 * getRadius(); }

double Circle::getCircumference() const
{ return 3.14159 * getDiameter();}

double Circle::getArea() const
{ return 3.14159 * getRadius() * getRadius();}

void Circle::print() const
{ cout << "center = "; Point::print();
cout << "; radius = " << getRadius();

bl cal gag aaa Clily guiae 4dla) ae Point iall dalad) 4} glb Circle cdiall (GUELE) a3 a8
iall 138 (e (@)Y aa Jalailly daldld) 8Ly adsil) any i pdg radius
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// VirtualFuncPolymorphism.cpp : main project file.

#include <iostream>
#include <iomanip>
#include "point.h" // Point class definition
#include "circle.h" // Circle class definition
using namespace std;
int main()
{
Point point( 30, 50 ); Circle circle( 120, 89, 2.7 );
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point.print(); cout<<endl;
circle.print(); cout<<endl;
system("pause"); return 0;

} // end main

DA A malid) oy lany

[30, S50]
center = [120, 89]; radius = 2.7
Press any key to continue. ..

@:\ A il 1igs Aaldl) daudl) ol Point ciiall s Galgl ga print gl slesiv) gd o
Crana 1480 Seaad Alaaal) ddudl) Wb Circle il (al i 2 @u\ Okl eledin) (ol iy (o
Point ciuall (e 4y gal) Adudl) ety Circle ciuall o Lale 13w ) A Circle iall )

\_
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#include <iostream>
#include <iomanip>

#include "point.h" // Point class definition
#include "circle.h" // Circle class definition
using namespace std;

int main()
{

Point point( 30, 50 ); Circle circle( 120, 89, 2.7 );
cout<<"Calling print function without pointers :"<<endl;
point.print(); cout<<endl;
circle.print(); cout<<“\n\n";
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Point *pointPtr = &point; // base-class pointer
Circle *circlePtr = &circle; // derived-class pointer

cout<<"Calling print function using pointers : "<<endl;

pointPtr->print(); // invokes Point's print
cout<<endl;

circlePtr->print(); // invokes Circle's print
cout<<endl<<endl;

cout<<"using a base-class pointer to reference a derivedClass object \n";
[pointPtr=&circ1e; }cout<<"Calling print function :"<<endl;
pointPtr->print();
cout<<endl; system("pause"); return 0;

} // end main
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Calling print function without pointers :
[30, 50]
center = [120, 89]; radius = 2.7

Calling print function using pointers :
[30, 50]
center = [120, 89]; radius = 2.7

using a base-class pointer to reference a derivedClass object
Calling print function :

[120, 89]

Press any key to continue. ..

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1  Page 14|37



Py

Introduction Sy 13 4alta
J< Byl print W) slediuly gl Ao Circle g Point gl (o Gmaf iyl a3 1
(S Ao pas

Opapdl ] bl lagaladiuly Circle s Point goill o (naf (Al e lupad o 2]
[ .dJ‘\J\ slo L dguads dalaiuy) CilSy Cppdiall (puia ddauls: print 2l cle diuly Cudlul)

Y13 u\)M\M\wﬁpg\wm\m@\@@gygwwg 3
e—*u—w(wuﬂm‘uﬁbﬂ‘wuﬂﬁﬁ Ein d&éuabﬂu-ﬂua}‘—dsu?cu

ulad) Ciiall Bailal) alil) Adudl oIS Al o3a A clesind) ) ¥) Print gl ele il
_‘*gﬁ\ a2l g}-i (il g i gall g}.uh.u\& [ & dial) MU\ “\ ‘ﬁ laa (Filal) cuall Gl
. phibal) 138 2 Circle ciiall aulgi olo di) aabaio Y Lild didal) ol (pa BMailg 4] i

Ciiall (paa Al slaal) il lgaa el ¢f can AN AAdl aa aajiall o) cAadA) 4
o CAl) G (B Al Al clpdgall pladiad Jls B Ll galad) cledind) Jla B (gidal)

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1  Page 15|37



RS LR

Gl 55 e Y Ad) pdall i) g g Jalaii o Apalal) ail) aladiuls ¢Sas

Ady 20 Ay uld) ciall el e el o5 g AU g4 virtual function gpuall LU
cGdal) aial) J8 e

virtual dabidel) dalsly gulal) ciiall b ol oo il Guw @al gl oLy
asdiy (alhll Al iyt Bale by Gidiall ciiall aghs (Sl Al o (Sgian i 4l AT Ladic
Aualdl) Alalia) e

one interface Biuia 3k Basly dgaly” dduld o asfi dyalall alsill o Jodl (Sar jlaidly
.polymorphism J&Y) daail il jbed Allg ", multiple methods

Gl alill Ciy et Bale) ISy (gl Glld ) dgalsl) JS& (uladl) ciiall Crada (gaUAY adill Gy
A Cpadl) Bale) Glb ALy . (§ial) Ciiall Jadie (S (Ades) ASglu Cipd (Fida Ciia (B (a
.specific method 3333 44y )k

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1  Page 16|37



| | v L
Virtual functions é 2 4 alal) aql gl -2-4
o)
i e o) s b egdle IS 4] Jsasl) die sliae§) Ciiall gilsi o AT gt (slS alad Aplal) glsil) G o
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Pk S il e gl dly ) virtual daslidal)

virtual void print() const;
ol alipal) M55 S (e

#include <iostream>

#include <iomanip>

#include "point.h™ // Point class definition
#include "circle.h"™ // Circle class definition
using namespace std;
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int main()

{ Point point( 30, 50 );
Circle circle( 120, 89, 2.7 );
cout<<"Calling print function without pointers : "<<endl;
point.print(); cout<<endl;
circle.print(); cout<<"\n\n";
Point *pointPtr = &point; // base-class pointer
Circle *circlePtr = &circle; // derived-class pointer
cout<<"Calling print function using pointers : "<<endl;
pointPtr->print(); // invokes Point's print
cout<<endl;

circlePtr->print(); // invokes Circle's print
cout<<”"\n\n";

cout<<"using a base-class pointer to reference a derived-class object\n”;
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pointPtr = &circle;

cout<<"Calling print function : "<<endl;
pointPtr->print();| // invokes Circle's print
cout<<”"\n\n";

cout<<"using a base-class reference to a derived-class object "<<endl;
Point &pointRef = circle;
cout<<"Calling print function : "<<endl;
pointRef.print();| // invokes Circle's print
cout<<endl;system("pause"); return 0;

} // end main

Calling print function without pointers :
[30, 50]
center = [120, 89]; radius = 2.7
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Calling print function using pointers :
[30, 50]
center = [120, 89]; radius = 2.7

using a base-class pointer to reference a derived-class object
Calling print function :
center = [120, 89]; radius

2.7

using a base-class reference to a derived-class object Calling

print function :

kenter = [120, 89]; radius = 2.7

Press any key to continue . .

EAN (e Badl Eus Point osbad) ciiall ) as ey e YA s print Gl gl elesiul glud) Jhal) b Lad
Al) pdgall Gaill Aadipal) ddadl 4 cddi AN gl Al ol
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¢ AT g fanaa Al m.\ al o) oS @gus Al b AT Fide il (ulal Rial Gl
LAl Ay ogd allal gl Ay G e e R (i
Circle ciiall e Cylinder <iiall 3Uiils Point/Circle diaedl 4l s DA e ) 12 LA (S @
Bale) a3 1A dabuss Lilghudd of g Cylinder ciiall e print bl Gl 5ale) a3 . dalad) 43 el quglad aladiialy
gald Circle ciiall craia 4 alall diall getArea gl slac)y ciiall 138 (ada getArea gl iy
virtual double getArea() const;
: Cylinder ciiall o) cilal
#ifndef CYLINDER_H
#define CYLINDER_H
#include "circle.h"

// Circle class definition
class Cylinder : public Circle {

public:
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Cylinder(int=0,int =0,double =0.0,double =0.0);
void setHeight( double );
double getHeight() const;

double getArea() const; // return Cylinder's area
double getVolume() const; // return Cylinder's volume
void print() const; // output Cylinder

private:
double height; // Cylinder's height

}s // end class Cylinder

#endif

: CylinderF —iiall iy 2% Cala

#include <iostream>

#include <iomanip>
#include "cylinder.h" // Cylinder class definition

using namespace std;
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// default constructor
Cylinder::Cylinder(int xValue,int yValue,double radiusValue, double heightValue)
:Circle(xValue, yValue,radiusValue) { setHeight( heightvalue );} // end
Cylinder constructor

// set Cylinder's height

void Cylinder::setHeight( double heightValue )

{ height = ( heightValue < 0.0 ? 0.0 : heightValue );
} // end function setHeight

// get Cylinder's height
double Cylinder::getHeight() const
{ return height;} // end function getHeight

// override virtual function getArea: return Cylinder area
double Cylinder::getArea() const

{ return 2*Circle::getArea()+getCircumference()* getHeight();
} // end function getArea

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1  Page 24|37



The Inheritance of visual attribute daols 4 A'EUMM‘ ddall 4 ) g -3-4
Q)

// override virtual function getVolume: return Cylinder volume

double Cylinder::getVolume() const

{ return Circle::getArea()*getHeight();} // end function getVolume

~N

(7/ override virtual function print: output Cylinder object
void Cylinder::print() const

{ Circle::print(); cout << "; height is " << getHeight();
J} // end function print )

pokaAY) maliy Ll
#include <iostream>

#include <iomanip>

#include "point.h" // Point class definition

#include "circle.h" // Circle class definition

#include "cylinder.h"™ // Cylinder class definition

#include "cylinder.h" // Cylinder class definition

using namespace std;
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int main()

{

Point point( 7, 11 );Circle circle( 22, 8, 3.5 );
Cylinder cylinder(10,10,3.3,10);

cout<<"calling print without pointers :"<<endl;
Cout<<"::::::::::::::::::::::::::::::::"((endl;

point.print();cout << endl;
circle.print();cout <<endl;
cylinder.print();cout <<"\n\n";

cout<<"calling print using a pointer to Point objects :"<<endl;
Point *pointPtr=&point;pointPtr->print(); cout<<endl;

pointPtr=&circle;pointPtr->print(); cout<<endl;
pointPtr=&cylinder; pointPtr->print(); cout<<"\n\n";

5 4y allal) ddual) 430, -3-4

: sgd Malll) @il Ll
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cout<<"calling print and getArea using a pointer to circle objects :\n";
Cout<< "========================================================="<<end1;

Circle *circlePtr=&circle; circlePtr->print(); cout<<endl;
cout<<circlePtr->getArea(); cout<<endl;
circlePtr=&cylinder;circlePtr->print(); cout<<endl;
cout<<circlePtr->getArea(); cout<<endl;
system("pause"); return 0;
} // end main
: sed M) @il Ll
calling print without pointers :

[7, 11]
center = [22, 8]; radius = 3.5
center = [10, 10]; radius = 3.3; height is 10
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calling print using a pointer to Point objects :

[7, 11]
[22, 8]; radius = 3.5
[22, 8]; radius = 3.510; height is 10

calling print and getArea using a pointer to circle objects :

[22, 8]; radius = 3.5

38.4845

[22, 8]; radius = 3.510; height is 10

Area =38.4845

Press any key to continue. ..

hially (aldl) print Al dalal) diall cuis) 8 Circle ciiall Ged dipadl print gl of Jlal) 138 (e Jadls

.Point

8 b} alipal) dlgbs () 9Sa id print aulill Lo Cylinder ciiall adals ol ot fila
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calling print without pointers :

[7, 11]
[22, 8]; radius = 3.5
[22, 8]; radius = 3.5

calling print using a pointer to Point objects :

[7, 11]
[22, 8]; radius = 3.5
[22, 8]; radius = 3.5
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Pure virtual function and abstract classes

calling print and getArea using a pointer to circle objects :

[22, 8]; radius = 3.5

38.4845

[22, 8]; radius = 3.5

Area =38.4845

Press any key to continue. ..

s Cylinder faill (o Galg] &= print LUl cledic) ol sddil a3 (gd) 88 Circle <iiall print gl of Bady e
Ol Fdal il ‘_; SAURY ALl Cauat Bale) AT Y Ladie ) cs‘ Cylinder 2l L; print() &u\ il adal
agleSin) aloa Al (A Q.ah.a‘!\ Liall (_,°. 4d pal) Al
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Pure virtual function and abstract classes deola .
&)Ll 2 53 yaall
virtual type func-name (parameter-list) = 0;

(T Ead F A N 3y ARl psk 0w e a ) OB Bra b GAG & o L
. complle ~time error das il cdg Uad gl ) g3k ld o8 cdipall gl ]
ciiall ¢ Lag .abstract class 3,00 i Al Ao I8 e aaly Cipa Sl i Jo gean ) iiall o Jeii e
YmcgmaumgagiudpJehm\gﬁuYAAQ(My44égu”ub4éﬂ)unLQQﬂAL&gJﬁﬁﬁthluhg@;a@ad\
u_u&ugﬁﬂuﬂwﬂwuﬁﬁj‘M&M‘Jh@‘dﬁﬂsuﬂ4ﬂxuu‘Q&Hd&&njﬁlhulﬁuabmdcdad‘uueﬂdgf
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: Point ciiall ciupil o) calall o cdil)
: o LS getVolume 5 getArea (@ J.d\ O JAUaS\ Cldl) oo el
virtual double getArea() const=0; // Pure virtual function

virtual double getVolume() const=0;| // Pure virtual function

: PointF cial) cupas ila (Ao Sl
) WP Lg\ g Y

:Circle uall Ja.d (o i Calal) L;; [y WX

D o LS getVolume Ul (o g palll d3La) Al o S Al getArea Ul oo lan A i (A (o A calal) o)
double getVolume() const;

: CircleF chiall caupt ila (o cBlandl)
Wl selhe) cpa A Ay getVolume aolill Wl ey Y 4l ¥) getArea gLl i ezl Circle ciial) o
A Cpail) Sy clieal) il e (s

double Circle::getVolume() const
{ return 0.0; }
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Ol Gaalil) il Bale by Luladf agh 458 Juaad (&Y dalay Gl Cylinder ciial) ciy ol L
D A sl Jha) NS e L) sda LIS ¢S
#include <iostream>
#include <iomanip>
#include "cylinder.h" // Cylinder class definition
using namespace std;
int main()
{ Circle circle( 22, 8, 3.5 ); // create a Circle
Cylinder cylinder(10,10,3.3,10); // create a Cylinder
cout<<circle.getArea()<<endl;

cout<<circle.getVolume()<<endl;
cout<<cylinder.getArea()<<endl;
cout<<cylinder.getVolume()<<endl;
system("pause"); return 0;

} // end main

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1  Page 33| 37



Pﬂ cilial) g 43 pal) 4y aUal) al g8l -4-4
5 832l &

Pure virtual function and abstract classes deola
6)ligall
A
38.4845
0
275.769
342.119

Press any key to continue. .. ; ;
ril 1 e e ) aabay cldige eldd) dilSal ol (e e (e gale] ol&d) aphiad Y ) e a8l Ao e
S LY Gall) il ) aabally Sl ) aiiud Al A ey JWEY) st sy of yeadl Cilal

. b Al Jlal) b LS culiall (sl

#include <iostream>

#include <iomanip>

#include "cylinder.h" // Cylinder class definition
using namespace std;
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int main()

{
Point *pointPtr; // legal declaration
Circle circle( 22, 8, 3.5 ); // create a Circle
Cylinder cylinder(10,10,3.3,10); // create a Cylinder

pointPtr=&circle;
cout<<pointPtr->getArea()<<endl;
cout<<pointPtr->getVolume()<<endl;

pointPtr=&cylinder;
cout<<pointPtr->getArea()<<endl;
cout<<pointPtr->getVolume()<<endl;
system("pause"); return 0;

} // end main
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