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Operator Overloading 

Chapter 8 page 320 
CppOverloadedOperator.avi: https://youtu.be/OcIs5cj330w
adding objects this Coords exercise ::  concat strings
We have seen that we can very easily put 2 objects equal to each other

eg 

p1 = p2. 

but we can’t as yet add 2 objects.

With operator overloading we can - we could have



p3 = p1 + p2
ie We are able to give the plus sign a new meaning - when applied to objects ie we overload the + operator.

Revision:

· First make three objects p1, p2 & p3 of type part as follows.
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#include<iostream>

using namespace std
;

class part
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{

private:

int i



;


char s



;
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public:

part() : i()

{ 




;}



part(int j) : i(j)
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{ 
 



;}

}




;

int main()

{

part p1(1), p2(2), p3
;

return 0


;

}
p1 has its i initialised to 1 calling the 1-argument constructor.

p2 has its i initialised to 2 calling the 1-argument constructor

p3 is initialised to nothing by calling the no-argument constructor.

· Follow this on the debugger.

We now wish to give significance to adding p1 and p2. In this case we wish
p3 = p1 + p2
to signal that we wish to add the individual respective data elements. (In this case we only have one which is i.
It would of course be more useful if p1 and p2 used more than just one data variable.)
We need to give a new meaning to the + operator which we do as follows: (But first try page 93)

Copy code from here:
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Overloading the + Operator
We now wish to “add” two objects.

p3 = p1 + p2
 The net effect of the above statement is that p3's i becomes 3 ( the sum of p1's i and p2's i)   ie  3 = 1 + 2 !
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#include <iostream>

using namespace std

;

class part

{

int i




;
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public: 

part() :i()

{  }
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part(int j) :i(j)
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{  }
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part operator + (part p)
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int k



;

k = i + p.i

;
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return part(k)

;
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}
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};
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int main()
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{

part p1(1),  p2(2), p3
;
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p3 = p1 + p2


;
return 0



;

}
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Look carefully at the statement:
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k = i + p.i
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When it is called:
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As previously noted, the statement return part(k); is a little unusual.  It returns a temporary object of type part to p3 without obviously creating an object.
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The overloaded operator is a type of function.  

We have seen previously how functions are “conventionally” called using a statement like:
y = function(x).The overloaded operator function in our case gets called when the + sign is encountered between two objects of type part. 
One of the features of C++ is the many ways that it can automatically call a function.

Using the Scope Resolution Operator to move the Overloaded Operator Function outside the Class:
You may recall that we use the scope resolution operator when we wish to move a member function outside a class.

· Move the overloaded operator code outside the class as below: 
#include <iostream>

using namespace std

;

class part

{

int i




;

public: 

part() :i()

{  }
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part(int j) :i(j)

{  }
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part operator + (part p)
;

}




;
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part part::operator + (part p)

{

int k




;

k = i + p.i


;

return part(k)


;

}

int main()
{

part p1(1), p2(2), p3

;

p3 = p1 + p2


;
return 0



;

}
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The above program should run exactly the same as the previous program.
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part part::operator + (part p);

Concatenating Strings using the Overloaded + Operator
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We have previously used the statement : s3 = s1.concat(s2) to concatenate two strings.

Wouldn’t it be nice to be able to use  s3 = s1 + s2 instead.

We can do this by overloading the + operator as follows.

#include <string.h>
 

// for strcpy(), strcat()
#include <iostream>

using namespace std

;

const int SZ = 80;       

// size of all String objects
class String             

// user-defined string type

{

private:

char str[SZ]
;               // holds a string
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public:

String()                       
// constructor, no-args
{strcpy_s(str, "")
; } 

String( char s[] )             
// constructor, one-arg
{strcpy_s(str, s)
; }
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String operator + (String ss)  
// add a String to another
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String temp;

     

// make a temporary String
strcpy_s(temp.str, str)
  ; 
// copy this string to temp
strcat_s(temp.str, ss.str);  
// add the argument string
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return temp

  ;

// return temp String
[image: image65.png]&< "C:\Debugleds.exe”

3
Press any key to continue



}

};
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int main()

{

String s1 = "round" ;   // uses one-argument constructor. 
String s2 = "about" ;   // uses one-argument constructor.
String s3;              // uses no-argument constructor.
s3 = s1 + s2

    ;
     // add s2 to s1, assign to s3.
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return 0

    ;

}
The net effect of 

s3 = s1 + s2
    ;
is that “roundabout” = “round” + “about”.
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Note that we can dispense with the temp object altogether as we did previously  in the overloaded operator function as follows. Try it.
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String operator + (String ss)  


{

strcat(str, ss.str)

;  
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return String(str)

;
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}
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See strplus.cpp on p. 332. The strings are also output to the screen using the display() method.
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.avi  up to here:
Overloading the Unitary Operators
· p. 321 
prefix
++c1

countpp1.cpp  (count is implicitly incremented)

· p. 324 
prefix
c2 = ++c1
countpp2.cpp (returns an object)

· p. 327.
postfix
c2 = c1++
postfix.cpp
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 Recall operator precedence. ie  c2 is put equal to c1 and then count is incremented.
· p334 

overloading the <

engles.cpp
Note that here the effect of the operator depends on what type uses it.

· p.336  

overloading the == 

strequal.cpp 
For code see Object-Oriented Programming in C++ (4th Edition).pdf

page 334
//strequal.cpp
//overloaded ‘==’ operator compares strings
#include <iostream>
using namespace std;

#include <string.h>      //for strcmp()
////////////////////////////////////////////////////////////////
class String             //user-defined string type
{

private:


enum { SZ = 80 };                //size of String objects

char str[SZ];                    //holds a string
public:


String()                         //constructor, no args

{



strcpy_s(str, "");


}


String(char s[4])               //constructor, one arg

{



strcpy_s(str, s);


}


void display() const             //display a String

{



cout << str;


}


void getstr()                    //read a string

{



cin.get(str, SZ);


}


bool operator == (String ss) const  //check for equality

{



return (strcmp(str, ss.str) == 0) ? true : false;


}

};

int main()

[image: image77.png](¥ c\temp\Conso
Bonne Annce? |




{


char c[4] = "yes";


String s1 = c;


String s2 = c;


String s3;


cout << "\nEnter 'yes' or 'no': ";


s3.getstr();                        //get String from user

if (s3 == s1)                       //compare with “yes”


cout << "You typed yes\n";


else if (s3 == s2)                  //compare with “no”


cout << "You typed no\n";


else


cout << "You didn’t follow instructions\n";


return 0;

} “;

· overloading the += operator
see below and p.337  englpleq.cpp
This seems to be the simplest of all!

We wish to achieve the equivalent of 
dist1 = dist1 + dist2  ;




ie use
dist1 += dist2

;.
Notice that dist1 itself is changed - we won’t need to return another object.

#include <iostream>

using namespace std;
////////////////////////////////

class Distance

{

private:

int feet



;

public:

Distance() :feet(1) 

{}


void operator += (Distance dist)  
// doesn't need to return
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  { 




// an object of type Distance

  feet += dist.feet
;
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  }



;
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};
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int main()
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{

Distance dist1,dist2

 ;
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dist1 += dist2


 ; // += is “attached” to dist1

cin.get()



 ;

return 0



 ;

}
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Of course the statement 

feet += dist.feet



;
is equivalent to saying : 

feet = feet + dist.feet


;
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Overloading the [ ] Operator






p340
Why we need it?: Recall that when accessing array elements, no warning is given when trying to access a non-existent element as we see immediately below


· First try this. 

#include <iostream>

using namespace std

;

int main()

{

int t




;

int sa[3] = {1,2,3}

;

t =  sa[3]



;

cout << t



;

cin.get();

return 0



;
}

To alleviate this situation, we could redefine the array access operator [].
ie we could overload the [ ] operator.


· Try this. 


#include <iostream>

#include <process.h>

using namespace std;

class safe

{

private:

int arr[3] = {1,2,3};
public:

int operator [](int n)

{

if (n>=3)

{cout << "element 3 doesn't exist!" << endl ;

cin.get()



;
exit(1)



;

}

return arr[n]


;

}

}




;

int main()

{

safe sa



;

int t




;

t = sa[3]



;

cout << t



;

cin.get()
;

return 0
;
}


So far we have used the overloaded [] to access array values

ie t = sa[0]
What if we wish to initialize our array and using the overloaded [] operator?

We would want to do this by using a statement such as 

sa[0]= 5    ;

The only problem is that so far, the overloaded [] operator does not like being called from the left of the equal sign as above.

This is related to the inability to have any function on the left of an equal sign 

ie  y = getset()is permissible but  getset()= 9 is not   possible-  or is it?  (Yes it is).

Functions - Returning By Reference     


(Ch 5 page 206)

· Try this.

#include <iostream>

using namespace std
;

int x



;







int& getsetx()

;


int main()

{

getsetx() = 9 ;

cout << x << endl
;

cin.get();

return 0



;

}

int& getsetx()

{

return x



;

}


We can utilize concept this in our overloaded [] operator as we shall now see.

eg Try x;
It calls the function!

Reference types 

A reference is just another name for the variable.

int  x = 2;

int &r = x;
cout << r << endl;

Whatever happens to x will happen to r eg:

x++;

cout << r << endl; 

or:

Whatever happens to r will happen to x  eg:

r++;

cout << x << endl;

Using a reference type to enable a function call on the LHS of the operator
#include <iostream>

using namespace std;

class safe
{

private:


int arr[3] = { 1,2,3 };

public:


int& operator [](int n)


{



return arr[n];


}

};

int main()

{


int v;


safe sa;


sa[0] = 5; //sa[0] is an alias for the [] operator so can be on the LHS of the = sign.

v = sa[0];


return 0;

}

#include <iostream>
using namespace std
;

class safe

{

private:

int arr[3] = {1,2,3}
;
public:

int& operator [](int n)

{

if (n >= 3)

{cout << "element 3 doesn't exist!" << endl;
cin.get() 
;
}

return arr[n]
;

exit(1);  // exits whole program
}
}
;

////////////////////////////////

int main()

{

safe sa ;
sa[0]= 5;


// OK
cout << sa[0] << endl;
// OK  ->5

sa[3] = 4;


// Not OK
program stops
cout << sa[3] << endl;  
// Not OK
program stops

cin.get()          ;
return 0           ;

} 

Type Conversion 






Recall how we convert an int type to a float.

#include <iostream>

using namespace std;
int main()

{

int i=1



;

float f



;

f = static_cast<float>(i)
; 

return 0



;

}
We will now overload the static_cast< >() operator to call the overloaded float operator. In this case It arbitrarily adds together the values and i and j. We could include any code that we liked.
· Follow the code below with the debugger to confirm that the line
f = static_cast<double>(p) ; will result in the overloaded float operator being called.

#include <iostream>

using namespace std

;

class part

{

private:

int i , j



;

public:

part(): i(),j() 

{ }

part(int i_, int j_): i(i_),j(j_) 

{ }

operator float()

{

return static_cast<float>(i + j);
;
} // (i + j)for want of something better to do.






};

int main()

{

float f


 ;

part p(2,3)


 ;

f = static_cast<float>(p);

cout << f << endl

 ;
cin.get()



;

return 0; 
// (use float() instead of static_cast<float>())
}


To Print Out a String Object 





p.348
We have seen how we can use the cout function with a string as in :

#include <iostream>

using namespace std

;

int main()

{

char str[] = "round\n"
;

cout << str;
return 0



;

}

Recall we created a string object (see below) which contained a string

This enabled us to have eg s3 = s1 + s2  where it appears that we are adding strings but in fact they are objects.

It would now be useful to have cout << s1 where is an object but the result would be to have our contained string printed out. We can do this by overloading the << operator.

To do this we don’t quite overload the << operator itself but the effect is the same.

#include <iostream>

#include <string.h>

using namespace std
;
class String   // user-defined string type

{

private:

char str[20]

;     
public:

String()                  

{  }
String( char s[] )        


{strcpy(str, s)

; }

operator char*()


// conversion function

{return str


; }
// converts String to string

};

int main()

{

String s2 = "Bonne Annee!";
// uses constructor 1

cout << (char*)s2
<< endl ;
// use conversion function

cin.get();



// to convert String to string
return 0


  ;

}


Implicit Type Conversion
Preliminary:
· First create a program which passes an object to a function as follows:
#include <iostream>

using namespace std
;

class part

{

private:

int p



;

public:

part ()

{ ;}


part (int j): p(j)

{ ;}

}



;


void fun(part)

;

int main()

{

part p1(2)


;

fun(p1)


;

return 0


;

}

void fun(part p)

{



;}

We will now see how implicit type conversion can occur.

· Modify the code to that show below. ie replace the above two lines   part p1(2);







        and fun(p1);
 






        with
fun(2) !!
;

class part

{

private:

int p



;

public:

part ()

{ ;}


part (int j): p(j)

{ ;}

}



;


void fun(part);

int main()

{

fun(2)


;
return 0


;

}

void fun(part p)

{



;}

The explicit Keyword

The explicit keyword is placed in front of a (one-argument) constructor to prevent such implicit type conversion.
Include the keyword explicit in front of the one-argument constructor as shown here:
explicit part (int j): p(j)

{ ;}

It won’t even compile. The conversion to type part in the one-argument constructor is disallowed.

There is also a curious side effect to using explicit.
· Comment out the offending function call:
//fun(2)
;
· Once again try legitimately initializing a part object which calls the one-argument constructor as follows.

part p1(2)


;

This will work fine but
· If we now try to initialize using the usual alternative notation:
part p1 = 2 

;
… it is not even accepted!
explicit
part(int j) : p(j)


{



;


}

};

void fun(part);

int main()

{


part p1(2);   // works

part p1 = 2;  // doesn’t. removing explicit will allow it to work.

//fun(2);

return 0;

}
The mutable Keyword

Recall that the const keyword prevents all class data from being changed inside a function.
(See end of ch 6 text page 252.) mutable overrides const.
· Make the following simple program which attempts to change the value of i from 3 to 2.
#include <iostream>

using namespace std

;

class part

{

private:

int i




;

public:

part ()

{ ;}


part (int j): i(j)

{ ;}

void fun(void) const
{i = 2



;}

}




;


int main()

{

part p1(3)



;

p1.fun()



;

return 0



;

}
· We change our mind. We do indeed want to be able to change i. With the const keyword in place as above, include the mutable keyword in the declaration of i as shown below.
private:

mutable int i


;
· Run the program. i can now be changed. 
Exercise:
1. The code on page 93 of the manual overloads the + operator in order to deal with
 p3 = p1 + p2 ;
Modify the code for both overloaded operators so that they add doubles instead of ints.
Add another overloaded operator which will allow it to deal with a subtraction of two objects ie 
p3 = p1 - p2 ; The corresponding p values (doubles) ought to be simply subtracted. 
Move both of the overloaded operators outside the class using the :: (scope resolution operator.) 

Include a method printPart() to print out the i value of an object. printPart()simply needs to return i.
2. Instead of the  printPart()function in the question above, overload the double to be able to print out the value of i using 
cout << p1;
See page 105 : To Print Out a String Object.
3. Make a matrix class which will allow the addition of 2 x 2 matrices eg

m3 = m1 + m2 ; 
Optional: Overload the * for multiplication so we can have
 m3 = m1 * m2 ; 
Inheritance
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· Preliminary: Make a class named say Part as below:

When a class is derived from a base class, the new derived class will have all of the characteristics of the base class and some of it’s own.

· Make a derived class which we shall call Derived by inserting the code as shown:


#include <iostream>

using namespace std

;

public class Part 

{

protected:

   

int i




;

public:

Part():i(1)





{




;}

}




;

class Derived: public Part
{

//Doesn't do much yet
}




;

int main(void)

{

Derived d1



;  

return 0



;

}


· Single-step and note how i has been given the value of 1 in the base class no-argument constructor which gets automatically called (you may not see it) when d1 is created. (View the Local Window when single-stepping.)

Including a Derived Class No-Argument Constructor

(Page 376)

· Now also include a no-argument constructor in the derived class as shown below. 

Watching with the single-step will show that when a derived object is created, both no-argument constructors (ie in the derived class and the base class) are called.

#include <iostream>

using namespace std

;

class Part 

{

protected:

   

int i




;

public:

Part():i(1)





{




;}

}




;

class Derived: public Part

{

private:

   

int j


;

public:

Derived():j(2)





{


;}

}




;

int main(void)

{

Derived d1



;  

return 0



;

}
Using the debugger, you should find that d1 has both j = 2 and i = 1. 

· Include One-Argument Constructors in both classes as follows:

#include <iostream>

using namespace std
;

class Part 

{

protected:

   

int i



;

public:

Part():i(1)





{



;}
Part(int b):i(b)





{



;}

}



;

class Derived: public Part

{

private:

   

int j



;

public:

Derived():j(2)





{



;}

Derived(int b):j(b)




{



;}

}



;


int main()

{

Derived d1(4)

;  

return 0


;

}

So the net effect is that j is set to 4 (and i is set to 1.)


· Single-step to see the base class one-argument constructor also being called.

Calling Functions using Derived Objects

· Include two member functions push() as shown below.  They have the same name. These functions do very little – in fact nothing at all.
 (For clarity, the constructors have also been removed.)
#include <iostream>

using namespace std
;

class Part 

{

protected:

   

int i



;

public:

void push()

{ 



;}
}



;

class Derived: public Part

{

private:

   

int j



;

public:

void push()

{ 



;}
}



;

int main()

{

Derived d1

;

d1.push()

;  

return 0

;

}
· Comment out the push function in  the derived class. Follow it with the debugger. Now the push()function in the base class is called. 

This is a general feature of C++. If it can’t find something, it goes off to find the next best thing. In this case it searches “higher up the tree until it finds something.

· Restore the derived class function ie uncomment it. Now…


#include <iostream>

using namespace std
;

class Part 

{

protected:

   

int i



;


public:

void push()

{ 



;}

}



;

class Derived: public Part

{

private:

   

int j



;

public :

void push()

{ 



;}

}



;


int main()

{

Derived d1


;

d1.Part::push()

;  

return 0


;

}

To Call Both the Derived Class Function and the Base Class Function

· Single-step to watch the derived class push function and the base class push function being called .

#include <iostream>

using namespace std
;

class Part 

{

protected:

   

int i



;

public:

void push()

{ 



;}

}



;


class Derived: public Part

{

private:

   

int j



;

public:

void push()

{Part::push()

;}

}



;

int main()

{

Derived d1


;

d1.push()

;  

return 0


;

}

Summary:



Levels of Inheritance
· Run the following program using the debugger

Lower is derived from Derived which is derived from Base.

#include <iostream>

using namespace std

;

class Base 
{

protected:

   
int i




;

public:

Base():i()





{




;}

void push()   

{ i = 1



;}

}




;

class Derived: public Base
{

}




;

class Lower: public Derived

{

}




;

int main()

{

Lower l1



; 

l1.push()



;

return 0



;

}

Once again, when the object calls a function a search is made "up the tree" until it finds the first occurrence of the named function

Ultimately, the data member i is set to 1.

[image: image90.png]



Multiple Inheritance


· Run the following program using the debugger.

Here the class Both inherits from both BaseX and BaseY
#include <iostream>

using namespace std


;

/////////////////////////////////////

class BaseX 

{

protected:

   

int x





;

public:

BaseX():x()





{





;}

void pushX()   

{x = 1




;}

}





;

/////////////////////////////////////

class BaseY 

{

protected:

   

int y





;

public:

BaseY():y()





{





;}

void pushY()   

{y = 1




;}

}





;

/////////////////////////////////////

class Both: public BaseX,public BaseY

{

}





;

/////////////////////////////////////

int main()

{

Both b1




; 

b1.pushX()




;

b1.pushY()




;

return 0




;
}

/////////////////////////////////////


Constructors in Multiple Inheritance


· Run the following program using the debugger.

#include <iostream>

using namespace std


;

/////////////////////////////////////

class BaseX 

{

protected:

   

int x





;

public:

BaseX():x(2)





{





;}

}





;

/////////////////////////////////////

class BaseY 

{

protected:

   

int y





;

public:

BaseY():y(3)





{





;}

}





;

/////////////////////////////////////

class Both: public BaseX, public BaseY

{

private:

int b





;

public:

Both() :b()

{
}

Both(int i) :b(i)
{





;}

}





;

/////////////////////////////////////

int main()

{

Both b1(1)




; 

return 0




;
}

/////////////////////////////////////

In this case we are calling only the one-argument constructor of the derived class.
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We now wish to also initialize the variables x and y in the two base classes via the one-argument constructor of the Both class.

Calling The Base Class One-Argument Constructors in Multiple Inheritance

#include <iostream>

using namespace std

;

class BaseX 

{

protected:

   

int x




;

public:

BaseX():x()





{
}

BaseX(int X) : x(X)





{




;}

}




;

class BaseY 

{

protected:

   

int y




;

public:

BaseY():y()





{




;}

BaseY(int Y) : y(Y)





{




;}

}




;

class Both: public BaseX,public BaseY

{

private:

int b




;

public:

Both() :b()

{
}

Both(int i, int j, int k) : b(i), BaseX(j),BaseY(k)

{




;}

}




;

///////////////////////////////

int main()

{

Both b1(1,2,3)


; 

return 0



;
}


Exercise:  

No 1:
First : Revision: 
Create a project.  Call  any name and add these 3 files. Build and run.

exp.h





expFuncs.cpp

expTest.cpp (or whatever).


The output should be:

Exercise 1:   So far you should have these 3 files:


Now: In this file add a class called arith derived from part which contains a method called square which will simply return the square of i.
(Just use i * i rather than calling a math function using cmath.)
In main() we should have cout << p1.square() << endl ;

When you run it the output should be :
Exercise 2: Recall how we produced a library called ExpFuncs.lib; See page 61 To Make and Use a Compiled library of the first part of Manual part 1.

Repeat the process using our exp,h  and expFuncs.cpp to make the library
Now from the TestExp project include the source code file  expTest.cpp above which contains our derived class arith.
Build and run.

Note the point of all of this: The library expFuns.dll has been compiled and “tucked away”. 

Even though it is compiled we can add functionality be making a derived class to add functionality in our code as above . 

Pointers   



Chapter 10


page 430
https://youtu.be/7OmtFC7XpDA  
C++ Pointers  incrementing  pass to array -> notation
ptr++ in memory.is a pointer contents of memory leak delete smart pointer array pointer
pass array new ->
Before discussing pointers themselves, consider 

The address-of operator

· Run the following program .

#include <iostream>

using namespace std
;

int main()

{

int i = 5


;

cout << &i  << endl
;
cin.get()


;
return 0


;  

}







Pointers are addresses - or at least VARIABLES WHICH HOLD ADDRESSES.

Why are they so important? Say that we had 2 very large strings and we wished to swap them:



So to swap the strings  it would be more efficient if we could swap addresses rather than the characters themselves.

Single-step this code:


    int i = 5;

    int * ptr;

ptr = &i;

cin.get();


This statement reads : "ptr is a pointer (a variable which holds an address) which points to an integer". Read it from right to left. ie the int  says that at that address there is an integer.

Why do we need to say what is at the address. Surely the pointer is just an address  eg 0x0012FF7C ?  So  instead of int * ptr; we could just say long ptr where ptr is just a long variable which holds an address?  Well, firstly a double and an int occupy different amounts of memory - an int occupies 4 bytes-  a double 8 bytes and so on.

Modify the code above to use a double instead of int. Single-step and view the memory:


double d = 3.2;


double * ptr;

  
ptr = &d;
  
cin.get();


Include ptr++ in the code above. You should  find in the case of this double that the ptr gets incremented by 8.
When using int’s.  ptr++ means that the pointer gets incremented by 4. Pointers are smart. (Although they are even smarter in the latest versions of C++.) As we have seen:  ptr++ doesn’t necessarily mean increment the pointer by one. -- though it will in the case of a char.
So now you may see the point of saying what’s at the address – int, float etc when we define our pointers like so:
int * ptr;

double * ptr;

char * ptr;

float * ptr; etc 
Now if we use ptr++  It will be incremented by 4 in the case of an integer and 8 in the case of a double etc.

So this is why we need to say what is at the address. 

Of course we can use the pointer to define a value.
#include <iostream>

using namespace std
;

int main()

{

int i



;

int* ptr


;

ptr = &i


;

*ptr = 5


;

cout<< *ptr << endl
;
delete ptr


;

cin.get()


;
return 0


;

}



Note that the * has two meanings : "IS A POINTER" and "THE CONTENTS OF" 
This is probably why the study of pointers is so confusing! - because * is ambiguous.
(Why didn’t they use another symbol eg  #  ?)
Rule:
If there is no type to the left of the * as in *ptri=5 or i = *ptri then the * means "the contents of".
If there is a type on the left as in int* ptri then the * means "is a pointer".
Note that it matters not exactly where we place the asterisk, but it is usual to place it as shown: 







Pointers to the Same Types
Pointers to the same types can be put equal to one another.

#include <iostream>

using namespace std

;

int main()

{

int i 



;

int* ptri , *ptrj

;

ptri = &i



;

ptrj = ptri


;

return 0



;

}

Pointers to Different Types

It may be at first be surprising that pointers to different types cannot be put equal to one another. But don’t forget that pointers are distinguished by the type that they point to.
#include <iostream>

using namespace std

;

int main()

{

int i 



;

float f



;

int* ptri 



;

float* ptrf 


;

ptri = &i



;

ptrf = &f



;


ptrf = ptri



;

return 0



;

}

If we try to compile this, we receive the following error message:

The Pointer to Void

But pointers-to-void can be put equal to one another.

· Single-step  this:



Incrementing a char Pointer

We can increment pointers just like we increment any other variable eg

but the amount that it is incremented depends on what type of pointer it is.
If this ptr points to an integer, it is incremented by 4.If it points to an double, it is incremented by 8. If it points to an char, it is incremented by 1.

· Single-step this:


#include <iostream>

using namespace std

;


int main()

{

char c




;

int i





;

char* ptrc




;

int * ptri




;

ptrc = &c




;

ptri = &i




;

i = 4





;

c = 'A'




;
ptrc++




;

ptri++




;

cin.get()




;

return 0




;

}


Pointers and Arrays

Recall how we made a simple, array containing integers for example:
Although we didn’t realize it we get a pointer as well - for free.

#include <iostream>

using namespace std

;

int main()

{

int arr[] = {4,6,9}

;

cout << arr[0] << endl

;
cin.get()



;

return 0



;
}

If we single-step this and inspect the Variables window, we can see that we have been given the array address (arr) - a pointer – more correctly it is a pointer constant – for free!
A pointer constant can’t be changed. We’ll see the difference below.


· If we inspect this address, we can see our elements:





We could also access our array element as follows:
#include <iostream>

using namespace std

;

////////////////////////////

int main()

{

int arr[] = {4,6,9}

;

cout << *arr << endl

;

cin.get()



;

return 0



;

}




It is not possible to increment this pointer constant 
ie arr++ is not possible. Try it.

arr is the address of the array as it is known to the C++ compiler so we cant mess with it.
On the other hand, a pointer variable can be incremented as we see below. 
#include <iostream>

using namespace std
;

////////////////////////////

int main()

{

int arr[] = {4,6,9}
;

int *ptr


;

ptr = arr
;

++ptr;

cout << *ptr << endl
;
cin.get()



    ;

return 0;
}




The two lines

++ptr                      ;


cout << *ptr << endl

;

could be replaced by the single line:

cout << *(++ptr) << endl
;
(The same result could be also be achieved by 

cout << *(ptr+1) << endl
; but of course the variable ptr is not actually incremented in this case.)
Note the result of using postfix:
cout << *ptr++ << endl
;  
You should find that the contents of ptr is output and then the pointer is incremented. ie the result should still be 4 if ptr has not been incremented.
Passing a Value to a Function using a Pointer

#include <iostream>

using namespace std

;

void dodo (int *)

;

int main()

{

int i = 3 ;


dodo (&i)



; // pass the address of i

cout << i



;

cin.get()



;

return 0



;

}

void dodo(int* ptri)

// the * here means IS A POINTER

{

(*ptri)++



;

}





 




Swapping 2 variables
Revision of swapping 2 variables (without using pointers ) :
// Swaps variables

#include <iostream>

using namespace std

;

int main()

{

int n1 = 3, n2 = 5 , t
;

cout << n1 << n2 << endl
;

t = n2



;


n2 = n1



;

n1 = t



;

cout << n1 << n2 << endl
;

return 0



;

}




· If we single-step and inspect the memory:









Exercise: Use pointers to do the same 

ie  effectively achieve the same result. n1 and n2 will appear to be swapped but we will actually swap their addresses ie swap pointers.

use :

int* p1
p1 = &n1
; etc
Sol’n: Using Pointers to Swap Data

#include <iostream>

using namespace std


;

int main()

{

int n1 = 3 ,n2 = 5


;

int* p1, *p2,*tmp


;

p1 = &n1




;

p2 = &n2




;

cout << *p1 << *p2 << endl;

tmp  = p1



;


p1 = p2



;// pointers put equal 
p2 = tmp



;


cout << *p1 << *p2 << endl;

cin.get();
return 0



;

}






Passing an Array to a Function
Recall (below) that we can pass an array to a function as follows (without using pointers).

// (Shows that an array is permanently changed by a function.)

#include <iostream>

using namespace std

;

void
dodo(int [])

; 

int main()

{

int age[4]= {1,2,3,4}

;

dodo(age)



;

cout <<  age[3] << endl

;
cin.get()



;

return 0



;}

void
dodo(int ag[])

{

ag[3] = 7



;

}


We can achieve the same by using pointers as follows:
#include <iostream>

using namespace std

;

void
dodo(int *)

; 

int main()

{

int age[4]= {1,2,3,4}

;

    

dodo(age)



;

cout <<  age[3] << endl

;

cin.get()



;

return 0



;}

void
dodo(int* ag)

{

*(ag+3) = 7



;

}









Pointers To Strings

· Define two strings using slightly different methods as shown below:


#include <iostream>

using namespace std
;

int main()

{

char str1[] = "First"
;

char *str2 = "Second"
;

cout << str1 << endl
;

cout << str2 << endl
;

cin.get()
;


return 0
;

}




There is little difference between these two methods for this single string (except we can’t increment str1 but can increment str2).

An Arrays of Strings

· Recall how we defined an array of strings without using pointers.

#include <iostream>

using namespace std



;

int main()

{

char arr[3][6]= {"one","two","three"}
;

cin.get()
;

return 0



;
}

This was wasteful of memory since the memory allocated for each string was 6 bytes regardless of the length of the string as we can see below.

arr of course is the address of the strings themselves ie the address of the first string.

If we view that address:







The new Operator
new allocates memory at run time.
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To Allocate Memory for an Integer Array at Run Time

This program allocates memory for an array of 2 integers at run-time. It sets the first element to 3 and the second element to 4.

· Run it using the debugger. (Take care – use F10 to circumnavigate new.)

#include <iostream>

using namespace std

;

int main()

{

int i = 2



;

int* arr



;

arr = new int[i]


;


*arr = 3



;

*(arr+1) = 4


;

delete arr



;

return 0



;

}









Pointers to Objects
· Revision :- Single-step  the following program which creates an object and calls a function - not using pointers.

#include <iostream>
using namespace std

;

class part

{

private:

int i




;

public: 

part() :i()

{  }

void put(int j)

{i = j



;}





};

///////////////////////////

int main()

{

part p1



;

p1.put(3)



;

return 0



;

}

Now use pointers.

· Replace the contents of main() as shown in the following program.

This program dynamically allocates memory to the object using new. In order to do this we must create a pointer to this memory address as shown:

int main()

{

part* ptrp1 = new part();

(*ptrp1).put(3)

;

delete ptrp1
return 0


;}





We could create many such objects part* ptrp1, *ptrp2, *ptrp3 etc. and then use ptrp1 = new part;  ptrp2 = new part; etc but it would be easier if we could create an array of pointers as we will now see. 

An Array of Pointers to Objects

Why do we need them?

Consider the following program where we need to create many objects.  

#include <iostream>

using namespace std
;

class part

{

private:

int i




;

public: 

part() :i()

{  




;}

void put(int j)

{i = j



;}

}




;

int main()

{

part* ptrp0


;

ptrp0 = new part

;

part* ptrp1


;

ptrp1 = new part

;

part* ptrp2


;

ptrp2 = new part

;


ptrp0->put(3)
;

ptrp1->put(5)
;

ptrp2->put(7)
;

return 0

;

}

better:


part* ptrp0 = new part();


part* ptrp1 = new part();


part* ptrp2 = new part();


ptrp0->put(3);


ptrp1->put(5);


ptrp2->put(7);

It is better to create an array of objects as follows:

· Single-step this:
#include <iostream>

using namespace std
;

class part

{

private:

int i




;

public: 

part() :i()

{  




;}

void put(int j)

{i = j



;}

}




;

///////////////////////////////

int main()

{

part* ptrp[3]


;

for (int k = 0; k<=2;k++)

{

ptrp[k] = new part()

;

ptrp[k]->put(3)

;

delete ptrp;
}

return 0



;

}




If we inspect this pointer address 0x0012ff68 in memory, we will find our 3 pointers.




Pointer to Structures – a Linked List
Creating pointers to structures is much the same as creating pointers to objects.

We will create 3 consecutive structures in memory at run-time and allocate some data to each dynamically ie at run-time. 


#include <iostream>

using namespace std

;

struct Dat

{

int i




;

}




;

////////////////////////////

int main()

{

Dat* pDat
;

for (int k = 0; k<=2; k++)

{

pDat = new Dat;

pDat->i = 2*k+1


;

}

return ;

} 




The problem is that these structures will be “lost” in memory since we don’t have any record of their addresses. How could we refer to them so that we can retrieve their data?

Before answering that, let us store an arbitrary pointer in each structure. (Of course  a structure itself can contain a pointer!). It will be a pointer of type Dat ie a pointer capable of pointing to a structure itself.
For the exercise, we will simply assign NULL (0x000000) to each pointer in the structure.



Include the code to create a pointer inside each structure - and initialize it to NULL as follows.

#include <iostream>

using namespace std

;

struct Dat

{

int i




;

Dat *prev



;

}




;

////////////////////////////

int main()

{

Dat* pDat



;

for (int k = 0; k<=2; k++)

{

pDat = new Dat;

pDat->i = 2 * k + 1

;

pDat->prev = NULL

;

}

return 0



;

} 







ie Three structures are created. (Once again they are abandoned in memory.)



Now we need to record the memory addresses of each structure. Where better to place these but in the structures themselves? Each structure will contain the address of the previously created structure (Except  the first  which will contain NULL -that way, if we wish to iterate through the structures backwards, we could loop until we encounter NULL.)


So far we know that as each structure is created, we know pDat points to this newly created structure. We therefore need to save this pDat to another pointer variable and store it in the next created structure. We will call this pointer (to type Dat) temp, and set it equal to pDat ie :

Dat* temp

;

temp = pDat
;
Then the next time around, we could set the prev pointer to temp as follows:

pDat->prev = temp ;
Not forgetting that the very first prev must be NULL, we would then have:

#include <iostream>

using namespace std

;

struct Dat

{

int i




;
Dat *prev



;

}




;

////////////////////////////

int main()

{

Dat* temp



;

Dat* pDat



;

temp = NULL


;

for (int k = 0; k<=2; k++)

{

pDat = new Dat;

pDat->i = 2 * k + 1

;
pDat->prev = temp

;


temp = pDat


;

}
return 0



;

} 

////////////////////////////

If we single-step the above code and note the respective addresses of the individual structures we will find something like this:






Such a data structure is called a LINKED LIST.
HW Exercise: Improvements: 
1. Write a function which inserts a new element (structure) into the linked list.
Hint: If we for example had:
struct 1

struct 2

and we wished to insert a new structure between 1 and 2 then the new structure must be made to contain the address of 1 and the address in 2 must be changed to point to the address our new structure.

2. Delete a structure. 
eg To delete struct 2 the address in struct 3 must be simply changed to point to struct 1.

struct 1

struct 2

struct 3

A 2-D Dynamic Array
#include <iostream>
using namespace std


;

int main()

{

int x = 2, y=2


;


int **a = new int*[x]

;

for (int i = 0; i < x; ++i)

a[i] = new int[y]


; // 1-D arrays
//A dynamic 2D array is basically an array of pointers to arrays. You should initialize it using a loop:

a[0][0] = 1;

a[0][1] = 2;

delete a



;

return 0



;

}





Locate the 2nd array of values!

Exercise: Pass the array to a function.
Topics:


Overloaded Operators. 


� HYPERLINK  \l "Inheritance" ��Inheritance� Page 109


� HYPERLINK  \l "Pointers" ��Pointers� Page 120





This program does not yet have any overloaded operators.





The Flexibility of C++


We have just created an object using :


part p1(1)	;


We saw how the i of the object p1 has been given the value of 1.


Try this instead:


part(1)	;


(We could also have part p1 = part(1))


It still works! i is given the value of 1!


Verify this using the debugger.


A temporary object is created.


C++ doesn’t even bother giving it a name - which disappears as soon as we leave the one-argument constructor. How forgiving is that! 


Restore the previous code before proceeeding - you may wish to click Ctrl-z a few times.)








#include<iostream>


using namespace std;


class part


{


private:


	int i;


	char s;


public:


	part() : i()


	{		;	}





	part(int j) : i(j)


	{		;	}





	part operator + (part p)


	{


		int k;


		k = i + p.i;


		return part(k);


	} 


};


int main()


{


	part p1(1), p2(2), p3;


	p3 = p1 + p2;


	return 0;


}











As an alternative to this we would have been:


	part operator + (part p)


	{


	part temp			;


	temp.i =  i + p.i	;


	return temp		;


}


ie instead of making a new integer variable k, we can make a new temporary object  temp which of course has its own i variable.





But we can simplify further the code on  the right thus:


part operator + (part p)


{


//int k				;


//k = i + p.i		;


return part( i + p.i	)		;


}


Try it.





Exercise: 





Make a class called Coords which holds 2 integers named x and y.


(You could just modify the code you have for part.) 


Create 2 objects from Coords called c1 and c2 which holds values representing coordinates eg (1,2) and (2,1). Make a third object c3 which will hold the result of the addition of the two coordinates.





eg c3 = c1 + c2			; (Overload the + operator)





You may wish to provide a print function:


void printCoords(void)


{


	cout << "x coord: " << x << endl; 


	cout << "y coord: " << y << endl; 


}


	�





(Note that it could be regarded here that we are adding together two vectors and accordingly may prefer to name the class say Vects instead of Coords where the objects you create are named say v1, v2 and v3.)





eg v3 = v1 + v2			;





	�	(I have changed the print function.)





Modify your previous code to include this overloaded operator code.





Here a part object is being returned.





Here the operator keyword precedes the + sign.





This is generally the case - the operator which is being overloaded (ie given another interpretation ) must be preceded by the operator keyword. 





3





2





The one-argument constructor� is called which creates a temporary) object part(k) which is then passed back to p3  Note that we could just have: return part(i + p.i)  and delete k.


.





4





1





When the + sign is encountered, the overloaded operator function is called, p2 is passed to p!





k is a temporary dummy variable. 





This i belongs to p2 since p2 was passed to p  in the overload operator function since.


p2 was to the right of the + sign in p3 = p1 + p2.





This i belongs to p1 since p1 was to the left of the + sign.  p1 effectively called the overloaded operator function using�p3 = p1 + p2.





Use part& p . 


and delete p etc.


Part p1 = new Part(){i=1};





Since the "function" has been moved outside , we now need only a prototype inside.  (Don’t forget the semi-colon.)





This part indicates the return type of the overloaded operator .function..





This part is the class to which the overloaded operator function belongs.





Single-step and watch p3 in particular.





The scope resolution operator is included.





The code has been moved here – outside of the class. 





Not Modern





#include <string.h>	 		// for strcpy(), strcat()


#include <iostream>


using namespace std;





const int SZ = 80;       		// size of all String objects





class String             		// user-defined string type


{


private:


	char str[SZ];               // holds a string





public:


	String()                       	// constructor, no-args


	{


		strcpy_s(str, "");


	}





	String(char s[])             	// constructor, one-arg


	{


		strcpy_s(str, s);


	}





	String operator + (String ss)  	// add a String to another


	{


		String temp;		     		// make a temporary String


		strcpy_s(temp.str, str); 	// copy this string to temp


		strcat_s(temp.str, ss.str);  	// add the argument string


		return temp;		// return temp String


	}


};





int main()


{


	String s1 = "round";   // uses one-argument constructor. 


	String s2 = "about";   // uses one-argument constructor.


	String s3;              // uses no-argument constructor.


	s3 = s1 + s2;	     // add s2 to s1, assign to s3.


	return 0;


}





Not Modern











The str of s1 is placed in temp’s str.





2





The str of s2 is concatenated to temp’s str.





s2 is passed to ss.





3





4











1





You may wish to include a print function inside the class like so:


void displayInside()


{


	cout << str;


}





�





This concept could be used to write a program to add matrices for example.


M3 = M1 + M2. See HW.





Note the subtle difference though in this case: str is modified.





Not Modern





We have here created a temporary object. C++ does not even bother giving it a name since it is so short-lived.





Note that the  enum { SZ=80 }; can now be replaced ie in later versions of Visual Studio by


static const int = 80 ;


ie a constant can be thus assigned inside a class.





note the difference eg


cout << ++c1;     


cout << c1++;   








This feet belongs to dist1





dist2 is passed to dist. 





Exercise1: Use the += and the +- operators in your Coords class to add/subtract coordinates/vectors.) 


Call them using eg


c1 += c2;


c1 -= c2;


Exercise2: Move them outside the class. You might as well move the display method as well.





dist2’s feet.





dist1’s feet.





This does not use overloaded operators yet.





Element 3 does not exist.  This is an illegal access. 


The problem is that this program will compile and  even run and output an illegally obtained memory element.


A warning is issued – but not always! Try it.


�





If we wished to also initialize our array, we would need to make a 3 argument constructor. eg:


safe(int i, int j, int k) 


{


arr[0]= i		;


arr[1]= j		;


arr[2]= k		;


}


and call it thus


safe sa(1,2,3)	; 


since at the moment the [] operator is not sufficiently  overloaded to cope with 


sa[0]= 1 ; etc


Try it. You will now need to provide a NO argument constructor. Also don’t forget to make sure they are public.











<mach/mach.h> instead of <process.h> for the mac.








Try also:


t = sal[2]	; to show that it works for the “no error” case.


�





Our attempt at illegal access now receives a warning.
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(x is an external variable).


int& indicates that getsetx() is returning a reference to x.





Here the function is on the left hand side of the equal sign. 


We are here setting x, but rather than passing the value of x as an argument. The value of x is assigned after the function has returned. Watch it on the debugger -  make a Watch for x.


The address of the variable appears to be returned and then assigned.


This thereby allows us to have the function on the left of the statement.





x wil be an alias for getsetx.


And getsetx is an alias for x. So getsetx() = 9; means x=9.








getsetx()may best be  considered as “a variable” ie containing a value.








r is just an alias for x.





We have included an ampersand. The overloaded operator now returns by reference ie we can have the function sa[0]= 5 on the left of the equal sign as well.





0 is passed.





arr[n] is returned by reference.








Not Modern


Arrays not encouraged,





5 is returned.





Single step to see that the same overloaded operator function


int& operator [](int n)


is called four times – once for the l-valued (left-valued) call and twice for the r-value calls.





You will need to comment this line:


sa[3] = 4;		    // Not OK	     program stops


to see this line work.


cout << sa[3] << endl;   // Not OK	program stops





�





This is an explicit conversion.


Recall also how we can omit the operator to perform an implicit conversion: f = i	 	; 


Try it.











This program converts an object of type part to a float.











Note no return type for a conversion.











At the moment it doesn’t do very much. (Adds i+j). You could maybe devise your own checking code to check that the value is above or below a certain value and place it here in the overloaded operator. 











This line calls the overloaded float() operator. Change this line 


f = static_cast<float>(p);


to f = p			;


It still works! The overloaded operator is still called!


When the compiler sees an implicit type conversion of an object as above, it goes off looking for the next best thing .








The code on page 346 essentially uses the overloaded operator function to convert feet and inches into meters which is then returned by the overloaded operator function as shown below. (The rest of the program essentially uses one-argument constructors to do the reverse conversion which is of little consequence in so far as the demonstration of overloaded operators is concerned.)





operator float() const	


{	//inches is a float member of the class.


float fracfeet = inches/12;//convert the inches


fracfeet += static_cast<float>(feet); //add the feet


return fracfeet/MTF;		//convert to meters


}	


Called using static_cast<float>(dist1); 





Not Modern











(char*) means convert a String object to a “normal” c-string.





Actually, the char* is not even necessary! - Try removing the (char*) ie just cout << s2. The compiler goes looking for the next best thing and does the conversion function for string object to normal string anyway! Try it. 








char* is here being overloaded  to convert our String  type object into a normal string.


char* means to create an array of characters. �(char* is a pointer to a string of characters which will be explained in Ch 10! )





Single step this program to see how the one-argument constructor is called and then the object p1 is passed to the function fun.





This is “normal” behaviour.





It still works!


Watch it with the debugger.


View the Locals window.





The one-argument constructor is called before the function is called.


A temporary object is created. An implicit conversion from integer to object has occurred.





1





What – no object? !





2





The temporary object is then passed to the function. 





Summary: class part


{


private:


	int p;


public:


	part()


	{


		;


	}


	 explicit part(int j) : p(j)


	{


		;


	}


};


void fun(part);


int main()


{


	part p1(2); 


	fun(2); // won’t work.


	part p2 = 2; // won’t work.


	part p2(2);  // will.


	return 0;


}


void fun(part p)


{


					;


}





It will not even compile.





const will not allow any change to be made to i.





(Remove the const keyword to show that it will then work.)





class matrix


{


private:


double mat[2][2]	;


};








Change private to protected.


This signals that any derived objects may also have access to the base class data and functions. (But of course the data is still not publicly available.)





Follow this program using the debugger and watch the derived objects variables in Locals  Window.





This line indicates that Derived inherits from part. Note the colon. Don’t forget the public.





Now when we create an object of the type Derived it will inherit all of the member functions and data of the Base class.


At the moment, it only inherits the private data member i and the simple Part class constructor.





When d1 is created, it also acquires an i data member which is initialized by Part’s no-argument constructor to 1.





The class Part could be in a library – in compiled form of  course. Derived would then have access to the members of the Part class.





2





The no-argument constructor of the derived class is called and then the no-argument constructor of the base class is called.





1
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(Of course, as we saw previously, this no-argument constructor is called for the base class.)














(In this program the 1-argument constructor is not called.)




















1





(Only) the one-argument constructor of  the Derived  class is called. 








To Also Call the Base Class One-Argument Constructor, change this line to: Derived(int b): j(b), Part(5)


This will have the effect of calling the base class one-argument constructor - setting i to 5.





Note: We could place this method  below in the derived class to get i:	


int getI(void)


{   return i; }


 and call it in main()using


cout << d1.getI();


emphasising  that d1 has an i member as well.





Run the program using the debugger.





 Overrides the base class push().





Only the derived class function push function is called even though push()is also present also in the base class.  





A function in a derived class with the same name is said to over-ride the same-named function in the base class since it is called in preference to the base class function.





… change this line to:





d1.Part::push()  ;


so that the code resembles that of the next page.	





Single-step to watch the base class push function being called . The derived class push function is not called.	

















The scope resolution operator ensures that only the base class push function is called.  





Page 384











2





Then the base class function push function is also called. 











The derived class function push function is called. 





1





Methods:





When a function is called using a derived object, the first function found “up the tree” only will be called unless it is also explicitly called.








Constructors:





The base class no-argument constructor is always called.





When a derived class object is created, the base class one-argument constructor will not be called  unless it is explicitly called from the derived class one-argument constructor or called explicitly from main() .








The base class function push() is called. ie i = 1.





BaseX





BaseY





Both





Both objects will have access to each of the base class’s functions and data. 








The result is that the derived object b1 has data members x = 1 and y = 1.








(The push functions have been removed from the base classes for clarity.)





The one-argument constructor of the Both class is called. b is set to 1.





(The no-argument constructors of each base class are also called.)
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Add this code which passes on the values of i and j to the above one-argument constructors. 





Single step this code to see the base class one-argument constructors called as well. 





Three values (1,2 & 3) are passed to the constructors. 





class part


{


protected:


int i					;


char s					;





public:


void setdata(int j)		;


int getdata(void)		;





}	;





We have made the data protected:


in anticipation of possible derived classes. 





It would be preferable  to use a constructor the set the value if i rather than setdata .


(Perhaps that could be done later as an exercise.)





#include "exp.h"





void part::setdata(int j)


{i = j					;}





int part::getdata(void)


{return i				;}





#include<iostream>


#include "exp.h"


using namespace std			;





int main()


{





part p1 				;





p1.setdata(4)				;





cout << p1.getdata() << endl	;





cin.get()				;





return 0				;


}





“Pointers” are now known in Modern C++ as raw pointers”. They have been replaced today by “Smart” pointers. Raw pointers are susceptible to “memory leaks”. Smart pointers are raw pointers wrapped in a class which avoids this problem. For the moment we will here consider raw pointers only – they appear abundantly in legacy code.





Make a note of this address.( It may not be the same for your computer.)





As previously you may need to first open a Watch Window to ascertain the address. View the Memory. (Don’t forget that the window will not be available if you are not single-stepping. Inspect the address which you noted: 0x0012FF7C here. The 0x in front means that the address is hexadecimal. 








What do we find at this address? 	ans: 5 ! 


Note that the 5 is stored as 4 bytes but in reverse order (LittleEndian)  ie 	 05 00 00 00 








The address of the first string.





The address of the second string.





See page 130 of this manual  for pointers to strings.





Remember that as you debug, it is possible to find the pointer address by placing the cursor on the pointer variable. 





�





We should delete the pointer using delete ptr;


Forgetting to do this causes a memory leak. To avoid this use smart pointers. See manual last part.





Firstly note that &i and ptr are one and the same thing at this stage.
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This statement reads : "ptr is a pointer variable which points to a double."  The double in double* ptr says that at that address there is a float (a decimal).





The double occupies 8 bytes.





All of this is equivalent of all of this is i = 5 ; !








int* ptr declares ptr to be a pointer to an integer type.








ptr = &i puts the pointer ptri equal to the address of i.





*ptri = 5 sets the contents of ptri equal to 5.








Modern C++


best initialize when declaring!


eg int i=0;  (and also 


 int* ptr= &i)





If we forget to delete the ptr then we will have a “memory leak”- memory which should now be available for use but has not been de-allocated. (Lafore is a bit negligent of this.)








“is a pointer” – place it next to the type.
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Summary: If there is a type on the LHS of * , the * means "is a pointer". If there is no type on the LHS it means "the contents of".








“the contents of” – place it next to the pointer.





Just like any other type, pointers can be declared on the same line.








This wont compile.
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ptrf takes on the address ptri.
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ptrc points to c which is a 1 byte character.
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ptri points to i , a 4 byte integer.
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If you follow this with the debugger, you should see�ptrc get incremented by 1 and ptri gets incremented by 4.





Not Modern


Vectors are preferred.
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We can’t alter the value of a pointer constant.


A pointer constant is one which is allocated by C++  not by us.





A pointer constant which points to the start of the array.





To print out the address of the first element of the array, try


cout << arr	; 


arr is equivalent to &arr[0] ie the address of the first element of the array. Try


cout << &arr[0]  .





arr


arr + 1


arr + 2





arr + 1 does not mean 1 more than arr.


It means one more address along – depending on what is stored at that address.








Notation: Getting what’s at an address is known as de-referencing.)


Try dereferencing arr+1 using: cout << *(arr+1) << endl;








*(arr+1)is equivalent to arr[1].





A pointer variable is put equal to the pointer constant.





Now it is possible to increment the pointer because ptr is a pointer variable rather than a pointer constant.





The second element.





The pointer is first incremented and then de-referenced.





(Ask yourself what type we would need to pass &i to.)





Same address!





(*ptri)++ here means :"increment the contents of ptri by 1". The address of i has been passed to the function. i has no escape. i gets incremented by 1.The contents of ptr is changed  permanently.





The contents of ptri is changed from 3 to 4.





Not using pointers.








n1 and n2 are swapped.








n1 and n2 are originally placed here in memory but….








.. they are physically swapped in memory.








(Incidentally, note how the value of t is stored here.)





 swaps addresses





The position of the 03 and the 05 in memory does not change throughout this whole process.








Indeed, you will observe that the pointers which are stored at these 3 addresses are what are actually swapped. Watch these 3 pointers swap around as you single step.








This technique would be more useful if for example, we wished to swap two long strings.  The strings themselves would remain fixed in memory but we would only have to swap the addresses.





Not Modern


Arrays not encouraged,





Then we define our array age[4]we get a pointer to the array, age for free. So if we are going to pass this pointer to a function we need a pointer type to accept it. But how do we define a pointer variable without using pointers? Answer: define another array ag[]. That way we get another pointer ag for free! So age is passed to ag.








It may be convenient to also use age as the 2nd variable instead of ag but keep in mind that they have completely different scope.








Page 657 Stroustrup: Try not to pass arrays around as pointers to their first element. Instead use vectors. (See later.)








The address age is passed to ag.








age is the address of the first element of the array - as is ag.








A pointer ag is defined  to receive the array address. The value in the array is changed permanently.








*(ag+3) is equivalent to age[3].








Exercise: Swap the two values inside the function using 1. array notation and 2. pointer notation.  (We are simply swapping the values rather than swapping the pointers.)








The array value is permanently changed.





age is the (constant) address of (the 1st element of) the array.





age is passed to ag.  �ag has been defined as a pointer (pointing to an int type).�Effectively ag = age.





The address age is the same as the address ag, in this case 0x0012ff70.





Not Modern


C-Strings not encouraged.





The “conventional” way of defining a string array.





Using a pointer.





Wont compile in  Modern C++


Need


 const char str1[] etc.





In Modern C++ we have instead an array of string types.





// C++ program to demonstrate array of strings


#include<iostream>


#include<string> 


using namespace std;





int main()


{


	string colour[4] = { "Blue", "Red", "Orange", "Yellow" };





	for (int i = 0; i < 4; i++)


	cout << colour[i] << endl;


}





(Recall that the first dimension (3 in this case) is optional.)





Resize the memory window to 6 bytes wide to make this clearer.





Type arr ‘s address here.





� EMBED PBrush  ���





Each string occupies 6 bytes.





new returns a pointer.


new allocates to the heap in C++.





Dynamically allocating an array using a variable without  new as in: int arr[i] is not possible unless i is declared as a constant ie const int i.





arr is a pointer to type int.





arr is the address of the start of the array.





When we allocate memory using new we must finally delete the reference to it.





Not Modern


Arrrays not encouraged.





Hover your mouse over arr to ascertain its value.





The two integer values are placed at this location 0x00441d50.


 Note that they are placed consecutively on the heap – in ascending memory address.





Stroustrup (the originator of C++) is very disparaging about declaring but not initializing pointers eg just  int* arr. Not initializing causes “memory leaks” ie uncollected, wasted memory. He insists on using eg int arr = new int[i] and also insists on using delete. These memory leaks are particularly dangerous because your program runs fine – until later! 





Recall that this was previously not possible without using new :


int i = 10;


char arr[i]	; (unless we have const int i.)





code for next page:


// -> NOTATION


#include <iostream>


using namespace std;


class Part


{


private:


	int i;


public:


	Part() :i()


	{  }


	void put(int j)


	{ i = j;}


};


int main()


{


	Part* ptr = new Part();


	ptr->put(3);


	return 0;


}





At this address  0x0012ff7c is our object. 





The data element i is stored at the start of the object p1.





ptrp1 creates a pointer to the object ptrp1 and assigns the pointer ptrp1 to an address  of the object at runtime.





Now we need to first deference the pointer ptrp1  ie *ptrp1 to get our object. 


but we can use short notation ptrp1->put(3) to do the same thing. 


Try it. Use this notation in future.








ptrp1 





This program doesn’t yet use an array of pointers.





Three pointers to objects are individually created.





The three member functions are called for each respective object.





This program doesn’t yet use an array of pointers.





An array of 4 pointers is created.





3 new pointers to objects are created dynamically at runtime.





Put the i’s of each one equal to some arbitrary value for the moment.





We have now got a pointer to the 3 pointers.





Using new we could initialize our array at run-time using:


int a = 3			;


part* prtp			;


prtp = new part[a]	;





See page 144 bottom for a linked list.





Whereas these structures admittedly only exist temporarily in memory at the moment it would be possible to serialize them ie place them permanently on disc.





Not Modern


Raw pointers not encouraged,





pDat is a pointer to a Dat type.





3 structures are created at runtime.





The structures are stored consecutively “on the fly”.





Arbitrary data is stored in the three respective structures.





The structure addresses are lost as a new one is created. 





Modern  C++ use nullptr instead of NULL.





Include this line which creates a pointer inside each structure. 





Initialize it to NULL for the moment  in each case.








3 structures.





Three  NULL pointers have been created and stored in the three respective structures.








A (NULL) pointer is stored in each of the 3 structures.





“Modern” C++ uses nullptr instead of NULL.








temp holds the address of the current structure.





prev will now contain the address of the previous structure.





The pointer temp will be used to store the address of the current structure.





temp is made NULL for the very first structure  since it has no structure to point to.





prev is put equal to the address of the previous structure. (NULL to start.)





temp is put equal to the address of the current structure. Next time around when we are creating a new structure in the loop, temp will be the address of the previous structure.





The first structure contains NULL since it has no structure to point to. 





The next structure’s prev pointer contains the address of the first structure which is  00441d50 in this case.





The last structure  points to the previous structure at 00441d10.





Not Modern


Arrays not encouraged,





An array of pointers.





At this address is the first array of values.





Address of 2nd array of pointers.





Address of first array of pointers.
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