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Function Pointer 
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We have seen how the address of data can be stored in a pointer variable. 

Similarly the address of a function can be stored in a pointer variable.
First we will show how a function has an address.
· Single-step this and view the disassembly window (Debug, Windows, Disassembly.)
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#include 
<iostream>

using namespace std;


void square(int);


int main()


{


square(2);


return 0;


}


void square(int i)


{


}
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.

In this case, at the address 0x0013c4a50 are the assembly instructions for the function square.
We can store this address in a pointer variable as follows:
Function pointer specification:
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void (*ptr)(int); (see below for whole code)
So this reads as: A function named ptr which accepts type int and returns type void.
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We can now set our pointer equal to the address of our function.


ptr = square;

and use it to call the function like so:

(*ptr)(2)


;

 It appears that Standard C also accepts this abbreviation as well!:

 ptr(2)


; 
so finally we have:

[image: image18.png]5 "C:\exp\Debu




#include <iostream>
using namespace std;

void square(int);
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int main()

{

void (*ptr)(int)
;
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ptr = square;

ptr(2)


; 
// same as square(2);
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return 0;

}

void square(int i)
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{

}

Exercise.

1. Change the code above so that our square function actually squares the number passed and returns the result. Use cout to print it. Call it using cout << ptr(2)
;
2. 
Write another function called cube (to cube the number) and use our ptr pointer to call this as well using the same call of : 
cout << ptr(2)
;
3. 
Write two function called add and sub. Use a pointer called ptrA to call the respective functions using  cout << ptrA(2,3)
<< endl

;
Solutions:

1. function pointer to square int and print it:
#include <iostream>
using namespace std;

int square(int);

int main()

{

int (*ptr)(int)
;

ptr = square;

cout << ptr(2)


; 
// same as square(2);
cin.get();

return 0;

}

int square(int i)

{

return i*i;

}

2.  function pointer to cube as well:
#include <iostream>
using namespace std;

int square(int);

int cube(int);
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int main()

{

int (*ptr)(int)
;

ptr = square;

cout << ptr(2)<< endl


; 
// same as square(2);
ptr = cube;

cout << ptr(2)<< endl


; 
// same as square(2);
return 0;

}

int square(int i)

{

return i*i;

}

int cube(int i)

{

return i*i*i;

}
3. function pointer to two ints:
#include <iostream>
using namespace std;

int add(int,int);

int sub(int,int);

int main()
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{

int (*ptrA)(int,int)
;

ptrA = add

;

cout << ptrA(2,3)
<< endl
;

ptrA = sub

;

cout << ptrA(2,3)
<< endl
;
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cin.get()

;

return 0;

}

int add(int i,int j)

{

return (i+j);

}

int sub(int i,int j)

{

return (i-j);

}
Virtual Functions 
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Ch 11 


p 504
Making a base method virtual will determine which type of derived class will call a method.
First: Using Pointers to access functions in a Base Class and Derived Class
Recall how we can access methods with pointers using the  -> operator.
 (Page 139 of manual.) Now we will investigate the implications of using the same notation to access derived class members. 
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#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;

public:
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void push()
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{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base
{

private:

   

int j




;

public:
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void push()
{cout << "derived" << endl
;}


}




;

int main(void)
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Base* ptb
;
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Base b1
;

ptb = &b1
;
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ptb->push()
;
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Derv d1
;
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ptb = &d1
;
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ptb->push()
;
return 0
;

}
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So it would appear that in this case (when the pointer is not virtual as we will soon make it) the function which gets called depends on the declared type not the assigned type of the pointer.
If we also declared another pointer to be of declared type Derv

eg Derv * ptd then indeed the derived class function would be called as shown below.
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Derv* ptd
;
Derv d1
;

ptd = &d1
;

ptd->push()
;
We wish however to call derived functions after declaring a pointer to be of the base class type. To do this, we must declare our base class function as virtual as we will now see.

Virtual Functions
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So far, the function which gets called depends upon the declared type of eg   Base* ptb
;
We wish to be able to call a function depending on the object to which it points  ie the assigned type. We will therefore use virtual.
· Modify the previous code as shown below.
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#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;
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public:
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virtual void push()

{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base

{

private:

   

int j




;

public:

void push()

{cout << "derived" << endl
;}


}




;
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int main()

{
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Base * ptb
; // declared type
Base b1
;
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ptb = &b1
; // assigned type is Base..
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ptb->push()
;

Derv d1
;
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ptb = &d1
; // .. is Derv
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ptb->push()
; 
cin.get();
return 0
;

}
The decision as to which function is called using virtual along with a pointer is not decided until the program is actually running. This is referred to as "late binding"
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The mechanism of calling methods using virtual

Using virtual adds a level of indirection in the form of a vtable. A vtable is a list of pointers to functions. It might look something like this:
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· Single-step to almost  the end of the program code below and take a look at the Locals window:

[image: image65.png]



#include <iostream>
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using namespace std
;

class Base 

{
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public:

virtual void push()
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{}
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}
;

class Derv: public Base

{
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public:

void push()
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{  }


}

;

int main()

{
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Base * ptb;

Base b1
;

ptb = &b1
;

ptb->push()
;
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Derv d1
;

ptb = &d1
;

ptb->push()
;

return 0
;

}
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Create another Base object: Base b2
; You should see that it shares the same vtable as b1.
So virtual means "add a level of indirection to”. 
If we use virtual then the base-most class and each subsequent classes will have its own vtable and a corresponding __vptr pointer.
 This vtable is consulted at RUN TIME so that the correct function is then called.





If we inspect these addresses we can find the address of the actual function that has been allocated

:






and then inspect the actual function assembler code using the disassembler:
Base::push:

002D1127 E9 24 04 00 00       jmp         Base::push (2D1550h)  





Derv::push:

002D100F E9 DC 05 00 00       jmp         Derv::push (2D15F0h)  

Exercise: Show that if we use virtual and don’t override the base class function (simply comment out the derived classes push function (if there  is one) then the derived classes vtable will still point to the base class push function in this case.


Pure Virtual Functions
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It may be that in practice we don’t won’t to allow instantiation of base class objects which have a virtual function.
For example we may have a Shape class and derive from it a Circle and Square class. They could all have an Area method but it would not make sense to call the Area method of the Shape class.
We could say so in our documentation, but to absolutely prevent this we make our virtual functions pure. We do this by simply adding  = 0 to the function declaration as shown below and of course also removing any function definition.
We thereby pack away the base member function for safe-keeping as follows:

#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;

public:

virtual void push()= 0

;
//{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base

{

private:

   

int j




;

public:

void push()

{cout << "derived" << endl
;}


}




;

int main()

{

Base * ptb
;

//Base b1
;

//ptb = &b1
;

//ptb->push()
;


Derv d1
;

ptb = &d1
;

ptb->push()
;

return 0
;

}

Classes that contain at least one pure virtual function are abstract classes.

Friend Functions
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A friend function can be a member of any class. A friend function is always public by default.

#include <iostream>

using namespace std
;

class part

{

private:

int i



;

public:

part():i(3)

{



;}

friend part square(part p)

{

p.i = p.i * p.i

;

return p


;

}

}



;

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



int main()

{

part p1


;

p1 = square(p1)

;

return 0


;

}
Even though your friend function is declared inside your class it is not regarded as a member function of the class – even though it may have access to data of objects of that class! 

Move the friend function outside the class. We don’t need to specify again that it is a friend nor do we need the :: . 

#include <iostream>
using namespace std;

class part

{

private:

int i

;

public:

part():i(3)

{

;}
friend part square(part p);
};
//----------------------//
part square(part p)

{

p.i = p.i * p.i
;

return p

; }
//----------------------//
int main()

{

part p1

;

p1 = square(p1)
;

return 0

;

}
A friend can be used to pass two objects of different types to a function.
(Since a friend belongs to neither of them – but is friendly to both!}
#include <iostream>

using namespace std


;

class PartB




; 
class PartA

{

private:

int a





;

public:

PartA() : a(3)
{




;}            

friend int frAandB(PartA, PartB); 

}


;

class PartB

{

private:

int b


;

public:


PartB() : b(4) 
{




;}             

friend int frAandB(PartA, PartB);  

}




;

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

int frAandB(PartA pA, PartB pB)           

{

return(pA.a + pB.b)


;

}

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

int main()
{

PartA pA1




;

PartB pB1




;

int t   =frAandB(pA1, pB1)

;
cout << t << endl



;
return 0




;

}

Friend Functions and the Overloaded Operator
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Revision: Recall how we overloaded the + operator to add two objects together (see page 94 of this manual). It was surprising perhaps to see that the overloaded operator is also able to cope with a number on the right hand side of the + sign when it is expecting an object as below:
#include <iostream>

using namespace std
;

class part
{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}

part operator + (part p)

{

return part(i + p.i)

;

}

};

int main()
{

part p1(1), p3

;

p3 = p1 + 2


; 
return 0


;

}

We have just seen the overloaded operator can cope with 
p3 = p1 + 2


;

Can it cope with this below this
p3 = 2 + p1


;   The answer is not yet. (Try it – it won’t compile.) 

This is a bit much to ask expecting the 2 to be passed “implicitly” as an object on the left hand side of the + sign.
We need a friendly overloaded operator. 

We could then pass two arguments to our friendly overloaded operator as follows:

#include <iostream>

//using namespace std
;

class part

{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}

friend part operator + (int k, part p)

{

return part(k + p.i)
;

}

};

int main()

{

part p1(1),p3

;

p3 = 2 + p1


; 

return 0


;

}
Exercise: Put both of these in the one program and move then both outside the class.
#include <iostream>

//using namespace std
;

class part

{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}
part operator + (part p);

friend part operator + (int k, part p);

};

int main()

{

part p1(1),p3

;

p3 = p1 + 2

; 

p3 = 2 + p1


; 

return 0


;

}
part part::operator + (part p)

{

return part(i + p.i)
;

}

part operator + (int k, part p)

{

return part(k + p.i)
;
An object of one class can access the data of an object of another class using:
Friend Classes
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#include <iostream>
using namespace std
;
class beta

;

class alpha

{

private:

int d


;

public: 

alpha() :d(2)

{  


;}

friend class beta
;

};

class beta

{

public:

alpha a1;

};

int main()

{

beta b1

;

return 0

;

}
All functions in a friend class can be accessed:

#include <iostream>
using namespace std;

//class beta;
class alpha
{

private:


int d;

public:


alpha() :d(2)


{


;}


//friend class beta;
};

class beta
{

public:


/*void func1(alpha a)

{


cout << a.d << endl;

}*/
};

int main()

{


alpha a1;


beta b1;


//b1.func1(a1);

cin.get();


return 0;

}





Static Functions
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We have already seen how to create a variable which is common to all objects of a class by declaring the variable as static as shown below.

 

(ch6  p249)
#include <iostream>

using namespace std
;

class Part
{

private:


static int i
;

public: 


Part() 


{ i++ 

;}

};

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

int Part::i=0

;

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

int main()
{


Part p1

;


Part p2

;


Part p3

;

return 0


;
}

Problem: How do we print out this common value of i – since it belongs to no particular object? Ans: We need a “generic” static function as shown:

Using a Static Function to Print Out a Static Variable


#include <iostream>

using namespace std
;

class Part
{

private:


static int i
;

public: 


Part() 


{ i++ 

;}

static void show()


{


cout << i << endl
;


}

};

int Part::i=0

;

int main()
{


Part p1

;


Part p2

;


Part p3

;


Part::show()
;
return 0


;

}
Overloading the = 
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Revision: We have seen …
#include <iostream>
using namespace std;

class Part
{

private:


int i;

public:


Part() :i()


{  }


Part(int j) :i(j)


{  }

};

int main()

{


Part p1(4);



Part p2;


p2 = p1;




//Assignment

Part p3 = p1;




//Copy

return 0;

}

Whereas these two appear very much the same, the 1st  one

p2 = p1;is an assignment whereas the 2nd one
Part p3 = p1; is a copy ie a new object is created and then the data is copied across.
So if we wish to “intercept” these operations we must use two different techniques:

For p2 = p1; we use an overloaded operator.
For Part p3 = p1; we use a one-argument constructor.
We will now see both of these:
Copy Constructor

#include <iostream>

using namespace std


;

class Part


{

private:

int i





;

public: 


Part() :i()


{  }


Part(int j) :i(j)


{  }

Part operator = (Part p)

{


i = p.i



;


cout << "overload" << endl
;


return Part(i)


;
}


Part (Part& p)


{

i = p.i



;


cout << "constructor" << endl
;


}

}





;

int main()
{


Part p1(4)
 ;


Part p2
 ;


p2 = p1 ; // (Calls the constructor as well.)

cout << endl;
;]

Part p3 = p1 ;


return 0

 ;

}

The this Pointer 
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Every object created has its own pointer which points to itself called this.

this means “the current object”

#include <iostream>

using namespace std
;

class part


{

private:

int i



;

public:

part():i(2)

{



;}


void access(void)

{

cout << this    << endl
;

cout << this->i << endl
;

}

}



;

int main()

{

part p1


;

p1.access()


;
return 0


;

}


· If we single-step (to the place where the function is called)…



Using this for Returning Values

this can be used to return an object from a function as shown below. 

· Single-step this. (It simply adds 1 to p1’s i to give 5.)

#include<iostream>
using namespace std


;

class Part


{

private:

int i



;

public: 


Part() :i()


{  }


Part(int j) :i(j)

{  }


Part add()


{



++i


;


return *this
;


}

}


;

int main()
{


Part p1(4)

;


Part p2

;


p2 = p1.add()
;

return 0


;

}

Recall that the alternative would have been to create a temporary object (p in this case):



Exercise:
no 1. 
Recall our LibraryTest project that we built at the end of chapter 7 (page 83).



· Replace the code in expTest.cpp with that shown below.

#include<iostream>




#include "exp.h"
using namespace std

;

//////////////////////////////////////
class arith: public part

{

private:

int k;

public:

void setdata(int j)

{

k= j;

}

};

///////////////////////////////////////
int main()

{

part *p1 


;

arith a1


;

p1 = &a1


;

p1->setdata(3)

;

cin.get()


;

return 0


;

}

· Run it. What function is called?  What value is returned?
How would you modify the library so that it sets the k data member of the arith derived class above rather than the i of the part class?  You may alter the original part class

no 2.

Write a short program in main()to use a function to calculate the hypotenuse of a given right-angled triangle.






Solution:

#include <cmath>
using namespace std
;

double hypotenuse(double x,double y)
;

int main()

{

double sd1 = 3.00,  sd2 = 4.00

;

cout << hypotenuse(sd1,sd2) <<  endl
;

cin.get();

return 0





;

}

double hypotenuse(double x,double y)

{

double h = sqrt(pow(x,2.00)+ pow(y,2.00))
;

return h





;

}

no 3. 
Create a class called tri which has 2 integer data members sd1 and sd2 and a two-argument constructor to initialize sd1 and sd2 so that we can create an tri object using, for example:
tri t1(3.00,4.00)
;
no 4. 

Make a function called hypotenuse in the class so that we can call it using a "function notation" ie:  h = hypotenuse(t1)
; (as distinct from the member function notation
 h = t1.hypotenuse()) to  calculate the hypotenuse for the tri object t1.

Hint: You will need a friend.
friend double hypotenuse(tri t)

{




;}

no 5. 

We previously wrote code to find the determinant of a matrix using the object notation. ie m1.determinant().

Re-write the determinant function as a friend so that we can use the notation
det = determinant(m1);

(soln page 50)
Files & Streams      C:\CPP\CppManual&4\
Chapter 12
page 568

C:\CPP\CPPManualPart3&4\FileSream on QW
Sometimes we need to save our data onto disk. For example we might save some lines of text or perhaps a set of numbers or even a picture (bitmap).

The following program will save  a string to a file named exp.txt.

To Open a File for Output






page 595


#include <fstream>

using namespace std



;

int main()
{

fstream fileobj



;


fileobj.open("C:\\exp.txt",ios::out);


fileobj << "about time\n"

;


fileobj.close()



;

return 0




;

}




· Run this and take a look on the disc: 








To View Our Text File
From Visual Studio choose File, Open, File , select the file and












When we open a file for output, it will write over any data that was there before.

· Confirm this – save the same file but with different data.


To Open a File for Input
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#include <fstream>

#include <iostream>

using namespace std


;

int main()
{


fstream fileobj


;


char nxtStr[20]


;


fileobj.open("C:\\exp.txt",ios::in) ;


fileobj.getline(nxtStr,20)
;


cout<< nxtStr << endl

;

fileobj.close();

cin.get()



;




return 0




;

}


To Open a File for Both Output and Input

· Try this.

#include <fstream>

#include <iostream>

using namespace std




;

int main()
{


fstream fileobj




;


char nxtStr[20]




;


fileobj.open("c:\\exp.txt",ios::out|ios::in);


fileobj << "something else\n"
;


fileobj.seekg(0)



;


fileobj.getline(nxtStr,20)

;


fileobj.close();

cout<< nxtStr << endl


;


cin.get()




;

return 0





;

}

Note that the previous contents are over-written as shown below. 

out and in can be demonstrated to just be constants as follows:
#include <iostream>
using namespace std
;

int main()

{

cout << ios::in << endl;

cout << ios::out << endl;

cin.get();

return 0 ;

}

We can OR these:


[image: image75.png][Car 108 nax speed
Uan 56 nax speed




In this case the value of ios::out|ios::in is   3.

Try: cout<< (ios::out|ios::in)  << endl


;

Explanation: 

The binary value of 1 of course is 0001. The binary value of 2 is 0010.

If we logically bitwise OR these: 
0001
<- 1





0010
<- 2




0011   which of course is 3.

Question: How could we do this in reverse? ie given the value of 3, how do we know that it consists of 1 and 2 ? In general, how can we tell which bits are set (set means equal to 1). 

Answer: Do a bitwise AND. The bitwise & (not &&) operator ANDs the bits. Bit by bit.:

#include <iostream>

using namespace std
;

int main()

{

cout << (3&1)<< endl
; // Binary 11 AND 01
cout << (3&2)<< endl
; // Binary 11 AND 10
return 0


;

}

The read and write Functions 

C:\CPP\CppManual&4\
Instead of using the insertion operator (<<) and the getline function we here use the write and read functions. 

· Try this. 

#include <fstream>

#include <iostream>

using namespace std



;

int main()
{


char rd[4]




;


fstream fileobj



;


fileobj.open("c:\\exp.txt",ios::out|ios::in);


fileobj.write("eds",3)

; 

fileobj.seekg(0)



;


fileobj.read(rd,3) 


;


rd[3] = '\0'



;


cout << rd << endl


;

cin.get()




;

return 0




;

}



Appending

When we open another file with the same name for output and write to it, the contents of the previous file are lost but  we wish to add something on to the end of the file, we use the append flag (ios::app) as shown below.

You should have a file called exp.txt with the text eds in it as above. If not, create it.

#include <fstream>

#include <iostream>

using namespace std





;

int main()
{


fstream fileobj





;


fileobj.open("c:\\exp.txt",ios::out|ios::app);

fileobj.write("eds",4)



;


return 0







;

}

Now the extra text is written onto the end of the file – it has been appended.
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ifstream and ostream objects

The ofstream object is used when we will only be needing to output data (to the disk).

· Try this.

#include <fstream>

#include <iostream>

using namespace std


;

int main()
{


ofstream fileobj


;


fileobj.open("c:\\exp.txt")
;


fileobj << "more text\n"
;


fileobj.close()


;

return 0




;

}
If we inspect our file we should get:
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The ifstream object is used when we wish to exclusively input data (from the disk).

· Try this


#include <fstream>

#include <iostream>

using namespace std


;

int main()
{


char nxtStr[10]


;


ifstream fileobj


;


fileobj.open("c:\\exp.txt")
;


fileobj.getline(nxtStr,10)
;


fileobj.close()


;

cout << nxtStr << endl

;

cin.get()



;


return 0



;

}
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In both of these cases, we have created an object (fileobj) and then used its open()method.

We could instead use a one argument constructor to create the file as follows:

Using a Constructor with ifstream and ofsteam to Open a File

For output:

· Try this.

#include <fstream>

#include <iostream>

using namespace std
;

int main()
{


ofstream fileobj("c:\\exp.txt")

;


fileobj  <<  "something else" << endl
;

return 0





;

}
something else is output to the file exp.txt:


Similarly for input - we can use ifstream along with it's constructor.

#include <fstream>

#include <iostream>

using namespace std



;

int main()
{


ifstream fileobj("c:\\exp.txt")

;

char nxtStr[20]




;

fileobj.getline(nxtStr,20)


;


cout << nxtStr  << endl



;

cin.get()





;

      return 0





;

}

The file contents are read in.


We could also use the constructor method with the fstream object we used previously:

using namespace std



;

int main()
{


fstream fileobj("c:\\exp.txt,ios::in|ios::out")
;


…..

return 0





;

}
Error Detection 

For example, if a file doesn’t exist.

#include <fstream>
#include <iostream>

using namespace std



;

int main()



{


ifstream fileobj



;


fileobj.open("c:\\expNo.txt")

;


cout << fileobj.rdstate() << endl
;


fileobj.close()



;

cin.get()




;

return 0





;

}

rdstate is composed of the following bits

Confirm their values as follows:

#include <iostream>
using namespace std;

int main()

{



cout << ios::goodbit << endl; ->



cout << ios::eofbit << endl;  ->



cout << ios::failbit << endl; ->



cout << ios::badbit << endl;  ->

cin.get();

return 0;

}

Such errors may be thrown up  

1. If the file doesn’t exist

2. If the drive doesn't exist eg If we try it for z: drive which presumably doesn't exist on your computer.

3. When there is a hardware failure eg the is no disk in the drive.

We would need to AND (ie &) rdstate with these bits respectively to determine more precisely the error as follows:

#include <fstream>
#include <iostream>

using namespace std



;

int main()



{


ifstream fileobj



;


fileobj.open("c:\\expNo")

;

cout << (fileobj.rdstate() & ios::failbit) << endl
;

cin.get()




;

return 0





;

}


https://docs.microsoft.com/en-us/cpp/standard-library/basic-ifstream-class
#include <fstream>  

#include <iostream>  

using namespace std;


int main(int argc, char **argv)

{


ifstream ifs("C:\\exp.txt");


if (!ifs.bad())


{



// Dump the contents of the file to cout.  


cout << ifs.rdbuf();



ifs.close();



cin.get();


}

}

General good reference on iostream Programming:

https://docs.microsoft.com/en-us/cpp/standard-library/iostream-programming
page 603 of Lafore  testing the file pointer:
#include <fstream>
#include <iostream>
using namespace std;

int main()

{


ifstream fileobj;


fileobj.open("c:\\exp.txt");


if (!fileobj)



cout << "can't open" << endl;


else

cout << "OK to read" << endl;


//std::cout << fileobj << endl; // not OK

fileobj.close();


cin.get();


return 0;


Binary Files


C:\CPP\CppManual&4\
C:\CPP\CPPManualPart3&4\Binary on QW
Binary files store numbers as numbers.

Recall that a text file stores all data as ansi so that for example 2 will be stored as 22 (hex ansi for 2). Storing as ansi takes up more space.

· Try this.

To store 2 as 2:

#include <iostream>

#include <fstream>

using namespace std




;


int main()
{


int x = 2





;


ofstream fileobj




;


fileobj.open("c:\\exp.bin",ios::binary)
;


fileobj.write(reinterpret_cast<char*>(&x),sizeof(int))
;

cin.get()




;


return 0






;

}






Binary File Output and Input

A binary file can be open for read and write at the same time. We must set the pointer to the read/write position first.
#include <fstream>

#include <iostream>

using namespace std


;

int main()

{

int x = 2, y 



;

fstream fileobj



;

fileobj.open("c:\\exp.bin",ios::out|ios::in |ios::binary)
;

fileobj.write((char*)(&x),sizeof(int))
;


fileobj.seekg(0)



;






cout << fileobj.tellg() << endl
;





fileobj.read((char*)(&y),sizeof(int))
;

cout << y << endl


;

fileobj.close()



;

cin.get()




;

return 0




;

}





To Read and Write an Object To Disc
#include <fstream>

#include <iostream>

using namespace std

;

class part

{

private:

int i




;

char s



;

public: 

part() :i(1),s('a')
{  




;}

void display(void)

{
cout << i << endl

;



cout << s << endl

;


}

}




;

int main()

{

part p



;

fstream fileobj


;

fileobj.open("c:\\exp.bin",ios::out|ios::in |ios::binary)
;

fileobj.write((char*)(&p),sizeof(part))
;

fileobj.seekg(0)


;

fileobj.read((char*)(&p),sizeof(part))
;


p.display()
;

cin.get()
;

return 0



;

}




ie The whole object has been written to disc. Take care when writing derived objects to disc.

Also writing objects to disc which contain pointers also cause problems. See page 594 of text.

Also see: p.607 "Classes that Read and Write Themselves".

Exercise: Page 629 No 5.

Running Programs from the Command Line 

page 622
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Make a simple program to print hello to the screen as below. (Make exp.sln). For convenience later locate the solution  in a convenient folder eg c:\Temp.

#include <iostream>

using namespace std

;

int main()

{

cout << "hello"
<< endl
;
cin.get()



;

return 0



;

}
(Since we will run it from the command line there is no need to run it now but you may to check that it works so far :)


· Use Windows Search if necessary locate your executable exp.exe. Our exp.exe is located in the exp folder. This folder is usually located in the Debug folder.




· Open the Command Prompt window (you may need to do a Windows search to find it)and navigate to the file as follows:.











We now wish to pass some arguments to our executable so that we can say hello to whoever we choose. Modify the code as shown and rebuild: 


#include <iostream>

using namespace std

;

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

{

cout << "hello " << argv[1]
<< endl;
cin.get();

return 0



;

}




How does it work?

When you typed c:\exp\debug\exp.exe ed, the command prompt saw two arguments separated by a space ie the c:\exp\debug\exp.exe and the ed. 



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



argv[0]) is always the path name of the executable. 

(Try cout << argv[0] << endl;)

 The argument, argv[1]), can be referenced in the program as in:

cout << "hello " << argv[1]
<< endl;   
to give hello ed in this case. 
If we had given another argument in the command line eg

c:\exp\debug\exp.exe  ed  jo
then argc would automatically be 3 and the argument “vector” would be as follows:

argv[0])=  “c:\exp\debug\exp.exe” argv[1])= “ed“ argv[2])= “jo“

So you may wish to include this code in main() to say hello to jo as well.

cout << "hello " << argv[1] << " " << argv[2] << endl;
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To Set the Command Line Arguments from the IDE
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· From the Visual Studio  IDE run it.



The name will appear as well as though included as an argument on the command line.


Templates  

C:\CPP\CppManual&4\Template1
Chapter 14 page 682
 C:\CPP\CPPManualPart3&4\Template on QW
https://www.programmerinterview.com/index.php/c-cplusplus/function-templates-in-c-example/   Good description but much the same as below.
A Template Function can be used to create functions which can accept (and return) different 

data types.

#include <iostream>

using namespace std;

template <class T>

void display(T n)

{

cout << n << endl

;

}
int main()

{

int i = 3


;

long l = 4L


;

float f = 6.4F

;

double d = 6.5

;

display<int>(i);

display<long>(l);

display<float>(f);

display<double>(d);
return 0


;

}


The templates function is just that – a template for producing code but the code is not produced until compile time.

Exercise: Write a template function which accepts two variables like so:

display(i, f)
 ;   Hint: Use template <class T, class U>
see page 70 of solns

Templates Classes  are used to create objects which can have different data types.

C:\CPP\CppManual&4\TemplatesClass
#include <iostream> 
using namespace std;

template <class T>
class part

{

private:

T a
;

public:

part():a(0)

{ }

part(T b):a(b)

{ }

void display(void)

{cout << a << endl;}

};

int main(void)

{

int x = 2


;

part  <int> p1(x)

;

p1.display()

;

float f = 2.3F

;

part  <float> p2(f)
;

p2.display()

;
return 0


;

}


.

In the above we have a template function eg

 void display(void)
{cout << a << endl
;} which is inside our template class. 

How do we move the template function outside the template class?

If a function template is to be placed outside the class, then it needs to be qualified as shown below: 
C:\CPP\CppManual&4\ TemplateClassOutside
#include <iostream>

using namespace std
;
template <class T>
class part

{

private:

T a



;

public:

part():a(0)

{



;}

part(T b):a(b)

{



;}
void display(void)
;

}



;

int main(void)

{
int x = 2


;

part  <int> p1(x)
; // calls the template constructor
p1.display()

; // calls the template function
float f = 2.3F

;

part  <float> p2(f)
; // calls the template constructor
p2.display()

; // calls the template function
return 0


;

}

template <class T>
void part<T>::display(void)

{cout << a << endl
;}

In the example above, the member function display neither received nor returned any values (void). If it did receive and return a value, then we would need to qualify the argument and the return type as follows:

template <class T>

T part<T>::display(T n)

Not forgetting the function declaration:  T display(T)
;

Exercise: 1. Try it. ie modify this template and function code to provide for a return type as well. ie call it from main() : cout << p1.display(x) << endl
;   
Exercise: 2. Move the constructors outside the template class as well.

page 70 of solutions

Exercise   Make a  two vectors :

vector <double>v1 = { 1, 2, 3 };


vector <double>v2 = { 1, 2, 3 };  Form the dot product. Cross product

(See man part 5 for vectors)
Exercise page 723 No 5.

Exceptions  Ch 14 page 703    Simple Exception not using a class (see next page)

C:\CPP\CppManual&4\Exception 
An exception is an error that arises during the execution of a program. A C++ exception is a response to an exceptional circumstance that arises while a program is running, such as an attempt to divide by zero. Exceptions provide a way to transfer control from one part of a program to another. C++ exception handling is built upon three keywords: try, catch, and throw.
·  try: A try block identifies a block of code for which particular exceptions will be activated. It's followed by one or more catch blocks.

· catch: A program catches an exception with an exception handler at the place in a program where you want to handle the problem. The catch keyword indicates the catching of an exception.
Following is an example of throwing an exception when dividing by zero condition occurs using throw:

#include <iostream>
using namespace std;

double division(int a, int b)

{

   if( b == 0 )

   {

      throw "Division by zero condition!";

   }

   return (a/b);

}

int main ()

{

   int x = 50;

   int y = 0;


   try {

     double z = division(x, y);

     cout << z << endl;

     cin.get();

   }

   catch (const char* msg) {


cout<< msg << endl;


cin.get();

   }

   return 0;

}


Change y to 1 and show that 50 is output.

Exceptions using a class. 
C:\CPP\CppManual&4\
Exceptions are errors that occur at run-time.

We are here trying to initialize the array element arr[2]which exceeds the array dimension. This causes an error. Recall that arr[2] means that only elements arr[0] and arr[1] can be initialized
We can trap such an error by….



#include <string>

#include <iostream>

using namespace std
;


class Part

{

private:

int arr[2]


;

public:

class TooBig

{

public:

string  sr


;






TooBig(string orx)

{sr = orx


;}


}



;

void init(int i)

{

if (i >= 2) throw TooBig("init")
;

arr[i] = i


;

} 

}



;

int main(void)

{

try
{

Part p1


;

p1.init(2)


;

}
catch(Part::TooBig bg)

{cout << bg.sr  << endl
;}

cin.get()
;

return 0
;

}



// arrover3.cpp

 page 342 of Lafore
// creates safe array (index values are checked before access)

// uses overloaded [] operator for both put and get

#include <iostream>

using namespace std;

#include <process.h> //for exit()

const int LIMIT = 100; //array size

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

class safearay

{

private:

int arr[LIMIT];

public:

int& operator [](int n) //note: return by reference

{

if( n< 0 || n>=LIMIT )

{ cout << “\nIndex out of bounds”; exit(1); }

return arr[n];

}

};

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

int main()

{

safearay sa1;

for(int j=0; j<LIMIT; j++) //insert elements

sa1[j] = j*10; //*left* side of equal sign

for(j=0; j<LIMIT; j++) //display elements

{

int temp = sa1[j]; //*right* side of equal sign

cout << “Element “ << j << “ is “ << temp << endl;

}

return 0;

}
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Here is your function.





When single-stepping hold the mouse over the function name. It should reveal the address of the function as shown.





Parentheses here means indicate that int is the argument type accepted by the function





These parentheses mean: do that first.





If we incorrectly specified our function pointer - without the first parentheses like so:   void *ptr(int);


This would be wrong. It would imply that  ptr  is the name of a function (which returns a pointer of type void.


So make sure that you include the first set of parentheses when specifying a function pointer.








Single-step this.





This code calls the square function passing the value of 2.





We need separate function pointers for functions which have different signatures*.





*A signature of a function is the specification of the number and type of input and output variable eg .


void square(int i)  and


int add(int i,int j) have different signatures.





Practical application of function pointers::


See cluster project:


� HYPERLINK "http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm#ctv" ��http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm#ctv�


Various clustering algorithms are used. Each of these algorithm can itself use a variety of  distance-measuring algorithms depending on what the user chooses.


double (*metric) setmetric(dist); (in cluster.c in \src)


metric is the pointer which is set equal to the address of the distance-measuring algorithms as chosen by the user.





This code does not use virtual functions.





We have a push() function in the base class and the derived class.





Even though the pointer is assigned to the address of the derived object…





… the base class function is called each time.





Using virtual allows us to call a method according to the assigned type.





Simply include the qualifier virtual. Consider virtual as declaring the intention that this function will be overridden.





Now, even though the pointer is declared as a Base type as before…





… the function which is called depends only upon the object to which it points ie the assigned type.





Why does it matter? Well we might just want to conveniently declare a set of base class pointers - an array of pointers : Base * ptb[100];


and then assign them when we know what derived (or base class) types that we wish to assign them to.


Base b1	;


Derv d1	;


ptb[0]= &d1;


ptb[1]= &d2;


etc.


ptb[0]->push();


ptb[1]->push();


Exercise 1: Try it;


Exercise 2 : Make a class called Vehicle with two derived classes called Car and Van. Make an array of vehicles : 	Vehicle * vhc[2];


Each derived class should have a speed function which says “100 max speed” for the Car and “50 max speed” for the Van. When we call the respective methods on a  Vehicle object and on a  Car object we should get:





The addresses of the actual functions (byte backwards): 0x0063005c


0x00740072 etc.





Pointers to functions.





[0] because we have one function ie push(). If we had another we would have [1] as well.





When virtual is used, unbeknown to us, the base class creates in the constructor, a pointer variable called __vptr.


Any derived objects, (d1 in this case) will also have a __vptr pointer variable.





Recall that this is how inheritance works! - all derived classes will contain the base class data variables (along with its own) but the VALUE of this __vptr of course can be different and particular to this derived class.








These __vptr pointers are pointers to the respective vtables - which as previously mentioned is a list of pointers to functions for that particular class.








Summary: If we use virtual then every subsequent class (ie derived classes as well) will have its own vtable (and a corresponding __vptr pointer.


If we do not use virtual then we will not get any __vptr pointers.


Exercise (Later) : Show that this is true.








Take a closer look at the addresses that have been allocated at run-time.





0x00002d1127





There is no need to do all this. Simply check out the Locals window above to see which functions are ultimately pointed to.





0x00002d100f backwards.





The difference between a non-virtual c++ member function and a virtual member function is that the non-virtual member functions are resolved at compile time. This mechanism is called static binding. Whereas the c++ virtual member functions are resolved during run-time. This mechanism is known as dynamic binding.





'virtual' means that a vtable will be constructed. One for each class. Each class will have a pointer to its vtable stored in that class. The methods of the class will have an address which is stored in an offset in the vtable.  When a method is called on an object this  address is allocated at run-time. ie 'virtual' means “resolve at runtime”.








Place      = 0 ; here (remember the semi-colon.)








Remove the function body. We now have a pure virtual function.





If we were to un comment this line as then  we now can't create any base class objects – or pointers to them. This line would cause an error.





A friend function is used to pass an object of the same type (part) in this case.


This enables us in this case to use the mathematical function notation.


… = square(...)	;


instead of 


… = p1.square()	;


See page 527 of the text.





Since the friend is always public it can be placed anywhere in the class and we don’t need to qualify it with  public:


friend part square(part p)





The i value of this object has been squared by the friend function.





PartB must be declared before it is later referred to.





In the case below we simply add together the data elements of two unrelated objects.








Friend function declaration in first class.


(Don’t forget the semi-colon.)





Friend function declaration in second class.


(Don’t forget the semi-colon.)








Friend function definition. Note that we don’t specify a class to which it belongs – because it doesn’t belong to any particular class! (An anathema to the C++ purists.)





The friend function has access to the data of each object type.





This doesn’t use a friend function – yet.





Try this for revision.





Use the debugger to see how the compiler deals with this – the 2 is not passed directly to p (as shown here) – see the one-argument constructor first get called to create a temporary object which contains 2 as its data element . This object is then passed to p.











Recall also how p1 is “implicitly” passed to the overloaded operator since it was on the left hand side of the + in the statement


p3 = p1 + 2 ; so in this example, the       solitary  i belongs to p1.		











Single Step this








You can see that both types of overloaded operators – member overloaded operator functions and friend overloaded operator functions can fortunately co-exist.





The function definitions have also been moved outside class (leaving the function declarations inside the class). 





Note that the friend function outside the class as previously noted does not require the keyword friend, Nor does it require the name of the class to which it belongs. Well it doesn’t belong to any particular class.





alpha says that beta can be a friend. ie beta can have access to its data!..





..so we need to pre-warn that beta is a class.





Now beta can call alpha’s constructor. 





Single-step to here and see that b1 contains a1’s data. 





Don’t forget that, we must declare the class beta beforehand…


.





Any functions declared in class beta will be able to access data in an object of type alpha.





1. Uncomment. We wish to be able to use objects of type beta to access the private data of objects of type alpha. We want to  pass an object of type alpha to the function in order to retrieve data of that particular object.





2. That means that we will declare that beta can be a friend of alpha. 








alpha’s data.





Revision.





The data is declared static.





� EMBED PBrush  ���





Initalized.





Recall that each object contains and shares the same i.


ie changing the value for one object changes it for the others.





Recall that if we single-step, at the point where p3 has been created, we see that the value of the common i is 3, ie i has been incremented three times.





A static function does not need an object. It is called using the class name only.











The function is also declared static.





The function is associated with the class by means of the scope resolution operator.





Objects can easily be put equal to one another.





Include the overloaded = operator.





One-argument constructor which takes an object as an argument.�


The COPY CONSTRUCTOR.


�The & is necessary in order to pass the object by reference.  �Passing by value (without the &), would cause a copy of the object passed to be made – and the copy constructor would call itself – indefinitely!





Calls the overloaded = operator.





Calls the copy  constructor.





this is the address of object p1.


this->i represents the contents of this.  ie 2. 





≡ cout << i << endl;





this->i is equivalent to (*this).i. 





… and if we take a look at this address 0x0012ff7c, we see our object  p1 and its data i.





… we see our this pointer…





*this represents the object itself.





Part add()


  {


  Part p		;


  ++i			;


  p.i = i		;


  return p		;


  }








#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			;


}





class part


{


private:


int i				;


char s				;





public:


void setdata(int j)		;


int getdata(void)		;


}	;





h





3








h = √ ( 3 2 + 4 2 ) = 5





4





To write a program to create or use a file, include the header file <fstream>





Saving data is often referred to as “persisting” data.





We have here created an object which we have chosen to call fileobj.�(fstream is a class which is contained in the header file <fstream> )





out means for output. The other possibilities are in and app (append).





The insertion operator (<<) has been overloaded in the fstream class. It's overloaded function in this case is to send the string to the file.





open() is a member function of the class fstream.





The fstream class is included in the <fstream> header.


In the <fstream> header file, we could imagine a class along these lines:


class fstream


{


open() // member function


{		;}


operator << () // overloaded <<


{		;}


}





To view these header files do a Windows search.





Our text file has been created.





If Windows won’t allow you to save a file directly to C: then create a temporary folder called temp and write to the using 


fileobj.open("C:\\temp\\exp.txt",ios::out);








A stream is an object-oriented representation of a file of data. In the above case fstream is the class that makes these representative objects.





A stream converts different types eg integers, strings, floats into a stream of bytes.








�











Open With…





We could also open with eg Notepad to view the text file itself.


�





Binary Editor.





OK.





Ascii characters.  61 is hex for 97 which is Ascii for a.





0D 0A ( 13 & 10)  ie CR (Carriage Return) and LF (Line Feed).


0D 0A characterize a  text file stored on disk using C.





To view the ascii code list visit :� HYPERLINK "http://www.ascii.cl/" ��http://www.ascii.cl/�





The file is opened for input.
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getline is a member function of the fstream class. It is able to extract a line of text including whitespaces. getline(nxtStr,20) will read the first 20 characters.





Microsoft Help:


istream& getline( char* pch, int nCount, char delim = '\n' );


Extracts characters from the stream until either the delimiter delim is found, the limit nCount1 is reached, or end of file is reached.








The file will close automatically when the procedure terminates but it a good idea to include fileobj.close().





The file must already exist otherwise will get an error.





Include both the in and out mode bits.





write








After the file is written to the file pointer will be at the end of the file.


seekg(0) sets the file pointer back to the start of the file ready to read from the beginning.


(“Pointer” in this context is a file pointer - not the usual meaning of an address-containing variable -more about  file pointers later.)





read
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Recall  that “ordinary” and is && eg (x==1 && y==2)	


and “ordinary” or is || eg (x==1 || y==2)	








Belongs to the ios class.





Recall that | means OR and & means AND etc.	





Recall that	0 | 0 -> 0


0 | 1 -> 1


1 | 0 -> 1


1 | 1 -> 1





The file must already exist.





read and write both need to know  the respective number of characters to be read and written (3 in this case).





seekg(0)sets the get pointer to the start of the file. (0 bytes from the start.) It will read from that position. The file pointer is a number of bytes. 
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Take care if trying to append to the file resulting from the code above. There was an 0A, 0D at the end of new text will be appended after that.





Include ios::app and run this code.





We don’t need ios::out since it is the default when usiing ofstream.





We need to know how many characters (10 in this case) we are going to input.





We don’t need ios::in since it is the default with ifstream.





We are again creating an ofstream object but calling the one-argument constructor rather than calling its open member function.





\n is written automatically.
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The file is now open for both input and output.  We must include at least one ios mode bit since the fstream object has no default ios mode bit as do the ofstream and ifstream objects.





xcz





Make sure that expNo.txt does not exist.
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There are errors on page 603 of the text.


1. The filenames are inconsistent.  test.dat & GROUP.DAT.


2.The file pointer should be NULL for an error. 


3. The bits are wrong. Error state should be 2. Fail should be 1. Bad should be 0.





2





2
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Note that using the pointer to an ifstream object :


ifstream fileobj("c:\\expNo.txt");


	if (fileobj == NULL) 


see page 603








Need ios::out?


Not for iostream.





Note the ios::binary.  (The default is ios::text)





The write function has two parameters.  The second parameter is the size of the data element being written – in this case an integer is of size 4.





The first parameter is the address of the variable that is to be written.  Bear in mind that the write function is here expecting a char pointer so that it must be always converted to such using  (char*)  or reinterpret_cast<char*>.


i.e. pointer-to-integer is converted to pointer-to-string.





2 appears as 2 !





Write an object to disc.





Read an object from disc.





Just for the exercise, tellg()  is printed to the screen. tellg() is the position of the get pointer, (which has been set to 0 by seekg(0).





tellg()





seekp() sets the put pointer. tellp() correspondingly reads the position of the put pointer.





When we use the read() function, the integer that we read from the file is placed into this buffer.


&y is the address of this buffer.





We also need to include the number of bytes that we are going to read as the second parameter.





The read function, just like the write function requires the first parameter to be a pointer to character.


&y of course is a pointer to integer so we need to convert one pointer to another using (char*).





Need to show how the pointer is set to another record after read or write.





sizeof(part) is the size of the part object.


(8 bytes in this case).





Ansii for a.





1





DOS Commands:


cd\ will change to the root directory.


cd temp will change to the temp directory.


dir will list whats in the current directory.


The up-arrow key will retrieve the previous DOS command.





You could close Visual Studio if you wished. 





(You might like to double-click on the file to run it.) 





Type cd\ and <Enter> to change to c: (the root directory).





To execute our program, type c:\exp\debug\exp.exe and press Enter– or change to the folder (using cd exp etc) and just type exp.exe.  (Actually, the .exe is not necessary.)





Our program executes.





Actually  is probably easier to change to the C:\Temp\exp\Debug directory and execute using exp.





(The c:\ is also redundant since we are in the root directory.)





main() is a function, and as such can of course accept arguments.





argc and argv[] are explained below.





At the command prompt, type the path and file name of the executable followed by the person to whom you would like to say hello and press Enter.





Hello ed appears in this case.





These two arguments were placed in the array argv[] starting at argv[0].





argc automatically becomes 2 – the number of arguments. (Try cout << argc << endl;)





You will need to have built the recent  project exp.





Choose Project,


 exp Properties…





Configuration Properties, Debugging.





Type the name of the person you want to appear then click OK.





We could also run it by double-clicking in Windows Explorer or from the command line.





The keyword template signals to the compiler that we are about to define a function template. class is used to define a type. 


The word class here means the same thing as type.


(We don’t need to use T, we could use Tmp or any other variable name.) Think of T as a variable which implicitly holds the type. 








The function template.


n can now accept any data type, for example  int, long, float etc.





Or just!:





display<int>(i);


display<long>(l);


display<float>(f);


display<double>(d);


In each case the type is inferred!





View the assembler code: Single-step and choose Debug, Windows, Disassembler. Watch as each separate function is called.


Note that the FOUR functions are assembled!








Now the entire class definition is a template.





T now “permeates” the whole class.





Now the data must be qualified by the template type.





Think of int as  being  as passed to T. 








We can now instantiate objects whose data will all be of integer type....





.… as well as instantiating objects whose data is of float type etc.





See page 691 of the text where the push()and pop()functions respectively accept and return a type





Note when using a class template we must specify the type in this case <float>.


Same for <int>





As usual, the class declaration remains in the class. (Don’t forget the semi-colon.)





Every member function placed outside the class must be qualified thus.








We are attempting to divide by zero (50/0).





Since the error occurred in the try above the catch is called.





This msg is automatically sent from the OS.





1 ….enclosing the section of the code that could possibly initiate the error in a try block and….





Since the string sr has been defined as a public member of TooBig, it can be accessed in main() using the dot operator (see below).





2 …placing an exception class within our class whose….





3 … constructor is called whenever….











4 …..throw creates an object of this class (calling the one-argument constructor), whereupon….





5 …..the catch block will be called automatically by the try block immediately above it.





Single-step (but use F10 when throw is encountered.)





Exercise1 : We have returned some text. Return the value of integer i  which caused the offence : 


 


Exercise 2. Show that no error is thrown if we use p1.init(1).





Exercise page 723 no 8. See next page for arrover3.cpp code.
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