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Chapter 15




Inheritance




Containment

Inheritance

inheritance is a mechanism by which one class acquires the properties- the data and operations - of another class.

Base Class - the class that is being inherited from

Derived Class - the class that inherits






Base Object


Or Parent class










  Derived Object

Child Class

Ex:





Animal



monkey


cats


birds






tiger

lion

· all animals share some common attributes

· Each animal is further subdivided into species.

·  A tiger is a cat and a lion is a cat.

In addition to inheriting the data and methods from the base class the derived class can add members and extend the derived class to make it more specialized than the base class.

The derived class is typically larger than the base class.

Inheritance
// declaration of ordinary C++ class


class BaseCL


{



< data and methods >


}

Derived class


class DerivedCL : public BaseCL


{



< data and methods >


}

· C++ allows a derived class to be defined with public, private, or protected iheritance .

· Constructors and destructors are never inherited.

· Private data members of base class cannot be inherited. - they need to be made protected.

· Protected members are available to their own class and to derived classes, but not to the client.

· Base Class Access determines how the derived Class receives inherited members.

Derivation Type

Base Class Member 
Access in Derived Class
private



private



inaccessible





public



private





protected


private

public



private



inaccessible





public



public





protected


protected

protected


private



inaccessible





public



protected





protected


protected

Inheritance

· When a derived object is created, it constructor is called to initialize its data.

· The object inherits data that is initialized by the base class constructor

· interaction must occur among the constructors for the base class and the derived class

· the beginning of the inheritance chain must be built first since the derived class often uses base class data

· When the base class constructor needs parameters the derived class constructor must explicitly call the base class constructor and pass the parameters to the Base class constructors.  It is optional for default constructors - but good practice to do so.

BaseCL(int n char ch); // constructor has two parameters
DerivedCL ( int n, char ch, int sz );
//Parameter list - constructor 

// derived class

   //Call constructor BaseCL ( n, ch ) in the initializer list

    DerivedCL::DerivedCL ( int n, char ch, int sz ) : BaseCL ( n , ch ), data (sz ) { }

Destructors are called in the opposite order. Destructors are automatically generated if the derived class does not have a destructor.

#ifndef GRADE_H

#define GRADE_H

// Grade class declaration

class Grade

{

private:


char Letter;


float Score;


void CalcGrade(void);

public:


void SetScore(float S) { Score = S; CalcGrade();}


float GetScore(void) {return Score; }


char GetLetter(void) { return Letter; }

};

#endif

#include "grade.h"

// Definition of member function Grade::CalcGrade

void Grade::CalcGrade(void)

{


if (Score > 89)



Letter = 'A';


else if (Score > 79)



Letter = 'B';


else if (Score > 69)



Letter = 'C';


else if (Score > 59)



Letter = 'D';


else



Letter = 'F';

}

#ifndef TEST_H

#define TEST_H

#include "grade.h"  // Must include Grade class declaration.

// Test class declaration

class Test : public Grade

{

private:


int NumQuestions;


float PointsEach;


int NumMissed;

public:


Test(int, int);
// constructor

};

#endif

#include "test.h"

// Definition of Test class constructor

// Parameters: Q = Number of questions, M = number of questions missed.

Test::Test(int Q, int M)

{


float NumericGrade;


NumQuestions = Q;


NumMissed = M;


PointsEach = 100.0 / NumQuestions;


NumericGrade = 100.0 - (NumMissed * PointsEach);


SetScore(NumericGrade); // Base class member function
}

Inheritance

// This program demonstrates a base class and a derived class

#include <iostream.h>

#include <iomanip.h>

#include "test.h"
void main(void)

{


int Questions, Missed;


cout << "How many questions are on the test? ";


cin >> Questions;


cout << "How many questions did the student miss? ";


cin >> Missed;   


Test Exam(Questions, Missed);
 // Declare a Test object


cout.precision(2);


cout << "The score is " << Exam.GetScore() << endl;


cout << "The grade is " << Exam.GetLetter() << endl;

}

Sample Output with example Input:



How many questions are on the test? 20 <Enter>



How many questions did the student miss? 3 <Enter>



The score is 85



The grade is B

Inheritance

// This program demonstrates passing arguments to a base class 

// constructor.

#ifndef RECT_H

#define RECT_H

// Rect class declaration

class Rect

{

protected:


float Width;


float Length;


float Area;

public:


Rect(void) { Width = Length = Area = 0.0; }


Rect(float, float);


float GetArea(void) { return Area; }


float GetLen(void) { return Length; }


float GetWidth(void) { return Width; }

};

#endif

#ifndef CUBE_H

#define CUBE_H

#include "rect.h"

// Cube class declaration

class Cube : public Rect

{

protected:


float Height;


float Volume;

public:


Cube(float, float, float);


float GetHeight(void) { return Height; }


float GetVol(void) { return Volume; }

};

#endif

Inheritance

//File rect.cpp

#include "rect.h"

// Definition of Rect constructor.

Rect::Rect(float W, float L)

{


Width = W;


Length = L;


Area = Width * Length;

}

// file cube.cpp

#include "cube.h"

// Definition of Cube constructor.

Cube::Cube(float Wide, float Long, float High) : Rect(Wide, Long)

{


Height = High;


Volume = Area * High;

}

// This program demonstrates passing arguments to a base

// class constructor.

#include <iostream.h>

#include "cube.h"

void main(void)

{


float CubeWide, CubeLong, CubeHigh;


cout << "Enter the dimensions of a Cube:\n";


cout << "Width: ";


cin >> CubeWide;


cout << "Length: ";


cin >> CubeLong;


cout << "Height: ";


cin >> CubeHigh;


Cube Holder(CubeWide, CubeLong, CubeHigh);

cout << "Here are the Cube's properties:\n";


cout << "Width: " << Holder.GetWidth() << endl;


cout << "Length: " << Holder.GetLen() << endl;


cout << "Height: " << Holder.GetHeight() << endl;


cout << "Base area: " << Holder.GetArea() << endl;


cout << "Volume: " << Holder.GetVol() << endl;

}

Program Output with Example Input


Enter the dimensions of a Cube:


Width: 10 <Enter>


Length: 15 <enter>


Height 12 <Enter>


Here are the Cube’s properties:


Width: 10


Length: 15


Heigth: 12


Base Area: 180


Volume: 2160


Deriving one Class from Another
class Time

{

public:


void Set ( int hours, int minutes, int seconds );


void Increment ( );


void Write( ) const;


Time ( int initHrs, int initMins, int initSecs );

private:


int hrs;


int mins;


int secs;

};
// Specification File  exttime.h

// Derived class ExtTime ( extended time )  inherits class Time

#include “time.h”
// Specification file for Base class

enum ZoneType {EST, CST, MST, PST, EDT, CDT, MDT, PDT );

class extTime : public Time
// extTime is derived from BaseClass Time

{

public:


void Set( int hours, int minutes, int seconds, 




ZoneType timeZone);
// overriding Base Class function


void Write ( ) const; // overriding Base class functions


ExtTime ( int initHrs, int initMins, int initSecs, 






ZoneType initZone );  // constructor


ExtTime ( ); // default constructor

private:


ZoneType zone;
// new private member added

};

Note: If a class declaration omits the word public and begins as class DerivedClass : Base Class or if it explicitly uses the word private then the BaseClass is called a private base class of the Derived class. Clients of DerivedClass cannot invoke BaseClass operations on DerivedClass objects.
Implementation of the ExtTime Class
//Implementation file ExtTime.cpp

#include “exttime.h”

#include <iostream.h>

// Constructor - DerivedClass - implicit call to BaseClass constructor Time

// occurs and the first three arguments that ExtTime receives are passed along 

// to the Time constructer of the BaseClass

ExtTime::ExtTime ( int initHrs, int initMins, int initSecs,




 ZoneType initZone )  :  Time ( initHrs, initMins, initSecs)

{


zone = initZone;

}

// Default constructor - implicit call to base class constructor occurs - no 

// parameters

ExtTime::ExtTime ( )

{


zone = EST;  // default value

}

void ExtTime::Set ( int hours, int minutes, int seconds, ZoneType timeZone )

{


Time::Set(hours, minutes, seconds);
// invoke BaseClass Set function


zone = timeZone;

}

void ExtTime::Write ( ) const

{


static char zoneString [8][4] =


{ “EST”, “CST”, “MST”, “PST”, “EDT”, “CDT”, “MDT”, “PDT” };


Time::Write ( ) ; // invoke BaseClass Write function


cout << ‘ ‘ << zoneString[zone];

};

// constructor Initializer -   passes parameters to BaseClass constructor 

ExtTime::ExtTime( int initHrs, int initMins, int initSecs, 




ZoneType initZone ) : Time(initHrs, initMins, initSecs)

{


zone = initZone;

}

Create ( instantiate ) the object , set, increment and write out the Time
#include “exttime.h”


.


.

ExtTime time1( 8, 35, 0, PST );
// DerivedClass constructor first calls 






// Baseclass and then initilizes zone

ExtTime time2;



// Derived class defaiult constructor 







// first calls Base class constructor

tim2.Write ( );



// Outputs 0:0:0 EST

cout << endl;

time2.Set ( 16, 49, 23, CDT );



time2.Write ( );




// Outputs 16:49:23 CDT

cout << endl;

time1.Increment ( );


time1.Increment ( );

time1.Write ( );




// Outputs 08:35:02 PST





ExtTime






Set

Set






Increment
Increment










Private data:





Write

Write


hrs










mins





ExTime

Time


secs





First constr.
First constr








ExtTime

Time





Default constr.
Default constr

Private Data








zone

Composition ( containment )

Composition or containment is a mechanism by which the internal data ( the state) of one class includes an object of another class.

Example: TimeCard Class

#include “time.h”


.


.

class TimeCard

{


public:


void punch ( int hours, minutes, seconds );


void Print ( ) const;


.


.


// constructor


TimeCard ( long idNum, initHrs, initMins, initSecs );


// default constructor


Timecard ( );

private:


long id;


Time  timeStamp;
// Time object contained in TimeCard

}

Composition ( containment _ creates a has a relationship ). The TimeCard Object has a Time object as a subobject.

Implementation of the TimeCard Class

void TimeCard ::Print ( ) const

{


cout << “ID: “ << id <<  “ Time: “;


timeStamp.Write ( );
 member function of Time object

}

void TimeCard::Punch ( int hours, int minutes, int seconds )

{


timeStamp.Set ( hours, minutes, seconds ); // Invoke member 

// function of time object

}

TimeCard::TimeCard ( long  idNum, int  initHrs,

 int  initMins, int  initSecs )
: timeStamp ( initHrs, initMins, initSecs ) // constructor Time object




// must use object variable to  pass arguments to

//  Base constructor

}


id = idNum;

}

//Default constructor

TimeCard:TimeCard ( ) {
id = 0; }

Given a class X, if X is a derived class, its base class constructor is executed first. Next, constructors for member objects ( if any) are executed. Finally, the body of X’s constructor is executed.

