Multifile Programs
You should then have the 3 files as follows:
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This implementation file contains the member functions.
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These could then be built and run. 
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Communication Between Source Files


page 638.
Despite common belief, the statement 
int  x  ;

is a declaration and a definition not just a declaration.
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Compare this with the following

2-stage declaration and definition:
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class part

;
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class part

{


int i

;


char c
;

}


;

The statement int x  ; gives a name to this variable (the declaration) and warns the compiler that 4 bytes will be required for this variable. One again, no memory space is actually allocated.
Only with an initialization such as x = 2 ; will memory be allocated.

Can we simply declare x without defining it, ie can we just give it a name?

Yes, by using the extern keyword.

extern int x;

extern also has the effect of making x available in other files.
If a variable is to be used globally ie in more than one file, it must be declared in each file but defined only once. 
· Modify these 2 files, build and run.
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x is then known in both files.
Effectively we have:


What if we wished to use the same variable name in each file but be independent?
· Use the word static. Change the files as shown below.





The variables x in each file are independent.

Effectively we have:




Inter-File Classes
Classes can also be split into separate files but with one major difference – the class definition must appear in every file in which it’s objects will be used. 

Recall that when we are defining a class, as in:

class part

{



definition

char s

;
 
}


;

we are both declaring and defining it.

Having to define a class in each file is not as bad as it seems. All we need to do is include the class definition in a header file and include this header file in every file in which the class needs to be defined.
For example this class below can be split into 3 files as shown overleaf:
#include <iostream>

using namespace std
;

class part

{

int i



;

public:

part(): i(0)


{



;}

part(int j): i(j)


{



;}

void display(void)

{

cout << i << endl

;}

}



;

int main(void)

{


part p1(3)

;


p1.display()
;


return 0

;

}

Preliminary: Rewrite the code above putting the display function outside  the class. ie use the scope resolution operator.

We then split this file into 3 as follows:










· Build and run:

Preprocessor Directives
Before the complier actually gets to convert the source code to object code, the preprocessor gets the chance to decide what will be compiled.

Preprocessor directives ie instructions to the compiler have a # in front (and then an optional space).
They can appear anywhere but usually before main().
eg #include <iostream> instructs the compiler to include this header code in the compilation.

· Try this:

#include <iostream>

using namespace std
;

#define ED 1

#if defined(ED)

#define JO 2 

#else
#define AL 3

#endif

int main(void)

{

cout <<  ED  << endl
;

cout <<  JO  << endl
;
//cout <<  AL  << endl;  //causes an errror - saying AL not declared.

return 0


;

}

We get this message:

C:\exp1\exp1.cpp(15) : error C2065: 'AL' : undeclared identifier


Now insert this #undef ED line after #define ED 1. You should find that JO is now also not defined. You will therefore need to comment out the lines as shown below.
#include <iostream>

using namespace std

;

#define ED 1

#undef ED

#if defined(ED)

#define JO 2 

#else
#define AL 3

#endif
int main(void)

{

//cout <<  ED    << endl
;

//cout <<  JO    << endl
;

cout <<  AL    << endl

;  
return 0



;

}
These preprocessor directives are now frequently used to conditionally include header files.
Recall:

1. That int i ; means define i as well as declare i.

2. In a multi-file program, a variable may be declared many times but defined only once.

This means that if a multifile program has int i
; in more than one file, an error will occur.

This could arise for example if int i ; occurred in a header file and this header file were include more than once.

Similarly, in our previous program (page 172) , if we…




· Try it.
We would get an error message like this:

c:\exp\exp.h(6) : error C2011: 'part' : 'class' type redefinition.
This is because it is illegal to define our class (take a look at the header file exp.h - also on page 172) more that once in the whole program.

· To prevent including a header file more than once we could enclose it in preprocessor directives as shown here. Try it.





You should find that this code builds and executes.


Just for the exercise, repeat the above preprocessor directive code in the same file.



This concept is of more realistic use when we wish for example, to prevent the inclusion of an include file which includes another include file – in which a definition may be repeated.
Namespace
Using namespaces helps resolve name conflicts.
If we know that two variables with the same name eg alpha exists in more than one file, we can prevent an imminent conflict by enclosing the definition with a namespace block as follows.

· Place this in exp.h


· Place this in exp.cpp








using namespace two;
int main(void)

{


cout <<  one::alpha << endl
;


cout << calpha << endl
;


return 0

;

}

The result is identical:

typedef 

(Type definition)
typedef allows us to use an abbreviation or an alias for a data type.

eg 1

· Place this in exp.h. 

(Equally it could be placed in exp.cpp.)


· Place this in exp.cpp






eg 2
We could use typedef to specify a pointer:

typedef int* ptrInt
;
whereupon we could then declare a pointer type using

ptrInt p1

;    etc
Templates
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>



int main()

{

int i = 3


;

long l = 4L


;

float f = 6.4F

;

double d = 6.5

;


display(i)


;

display(l)


;

display(f)


;

display(d)


;

return 0


;

}
Four functions will effectively be created in this case respectively:


These functions are not actually created until they are called. eg display(i)  will create and call the void display(int n).
The templates function is just that – a template for producing code.

Templates and Classes – the need
First : Not using templates:

· Try this program. At present, the class shown below can cater only for integer data members when the constructor and member functions are called. 

#include <iostream>

using namespace std
;

class part

{

int a



;

public:

part():a(0)

{



;}

public:

part(int b):a(b)

{



;}

void display(void)

{cout << a << endl
;}

}



;

int main(void)

{

int x = 2


;

part p1(x)


;

p1.display()

;
cin.get()


;
return 0


;

}
What if we wished to be able to pass floats as well?  We need …….
Class Templates


#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()

;
cin.get()


;

return 0


;

}

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


If the function template is to be placed outside the class, then it needs to be qualified as shown below:


#include <iostream>

using namespace std
;




void display(void)
;

}



;

int main(void)

{

int x = 2


;

part  <int> p1(x)
;

p1.display()

;

float f = 2.3F

;

part  <float> p2(f)
;

p2.display()

;

cin.get()


;
return 0


;

}


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



 Not forgetting the function declaration.
T display(T)
;
Exceptions

Exceptions are errors that occur at run-time.

We are here trying to initialize the array element arr[2]which exceeds the array dimension.
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 or)

{sr = or


;}
}



;

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
;}

return 0


;

}



Standard Template Library
This library of classes has been incorporated with the Standard C++ library (which is used by Borland etc as well as Microsoft.)

One of the uses of the STL is to provide for shortcomings with using arrays for data storage.
For example “normal” arrays cannot be expanded.
eg if we define int arr[4] = {1,2,3,4}  ; , then we cannot add a fifth element.
Neither can we insert an element eg before the second element (the 2 in the example above) for example. Neither can we remove an element eg the element 3 (and then bunch up the rest of the elements).

Neither can we easily copy one array to another without using a loop.
With a vector, which is defined in the STL, all of these (and more!)  can be done.

· Define a vector, which holds 4 elements like so:


#include <iostream>

#include <vector>
using namespace std
;

int main(void)

{

vector<int> v
;

v.push_back(0)
;

v.push_back(1)
;

v.push_back(2)
;

v.push_back(3)
;

v.push_back(4)
;

return 0

;

}
v.push_back()adds another element to the end of the vector as above eg.
v.push_back(5)
; will add 5 to the end.
As it happens, we can still use the array notation to simply replace an element eg


v[0] = 6

;

To insert an element, use eg:

v.insert(v.begin(), 7)
;
To remove  the 3rd element, use:

v.erase(v.begin() + 2)
;
Having made the aforementioned modifications, you should now have:

#include <iostream>

#include <vector>

using namespace std
;

int main(void)

{

vector<int> v

;

v.push_back(1)

;

v.push_back(2)

;

v.push_back(3)

;

v.push_back(4)

;

v.push_back(5)

;

v[0] = 6


;

v.insert(v.begin() ,7)
;

v.erase(v.begin() + 2)
;

return 0


;

}
If we single-step use f10 rather than f11) we can view the memory and the variables window.

(Beware that the values in memory can rapidly relocate in the press of a button (F10).)
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There is no simple way to initialize a vector in one go! It is convenient for these exercises to initialize an array and copy the values to the vector! 
We could therefore initialize our vector using:

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


;


vector<int> v(arr,arr+4)

;
The v(arr,arr+4) calls a 2-argument constructor. The arguments passed are the address of the start of the array and the address of the end plus one. 

v.begin() is a pointer. It contains the address of the start of the array. 
The insert()and  erase() both expect pointer arguments as we have seen in the previous code.

Pointers, when used with containers such as vector are called iterators.
 As we will, see they have extra properties – smart-pointers!

· To define an iterator for the vector container, use:

vector<int>::iterator it ; where it is an iterator variable pointing to type int.

This modified program performs identically to the previous program:
#include <iostream>

#include <vector>

using namespace std

;

int main(void)

{

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

;





vector<int> v(arr,arr+4)
;

vector<int>::iterator  it
;

v.push_back(5)


;

v[0] = 6



;


it = v.begin()


;

v.insert(it,7)


;

it = v.begin()


;

v.erase(it + 2)


;

return 0



;

}
insert(), begin() etc are member functions of the vector class.

For a list of other vector member functions and very useful examples, visit

http://www.cppreference.com/cppvector/
Algorithms  are functions which simplify operations on containers – one liners! These as special general purpose functions which can apply to many container classes (as well as arrays!) are known as algorithms.
find() and sort()
#include <iostream>

#include <vector>

#include <algorithm>
using namespace std

;

int main(void)

{

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

;
vector<int> v(arr,arr+4)
;

vector<int>::iterator  it
;


 it = find(v.begin(),v.end(),4);


sort(v.begin(),v.end())

;


return 0



;

}






To output the relative position of the 4 in the original – again  before sorting vector, we could subtract the absolute address of the first element of the vector using:
cout << (it - v.begin()) << endl  ; 



(Note that after the sort has been applied, the actual integer values have been sorted – rather than the pointers.) 

for each()

The for_each algorithm is similar to the for.
The for_each algorithm has the additional capability to carte blanche do something to every item in the container.

The notation may appear a little obscure.

For example, to square every element in our vector:

#include <iostream>

#include <vector>

#include <algorithm>
using namespace std


;

int main(void)

{

void square(int )



;
int arr[4] = {1,2,3,4}


;


vector<int> v(arr,arr+4)

;

for_each(v.begin(),v.end(),square);


return 0




;

}

void square(int i)

{

i = i * i




;

}

To output our vector we could use a cout in the square function like so:.
void square(int i)

{

i = i * i



;

cout << i << endl


;

}
The code on page 742 places these squares into a new array.

 To print out we could also use:

for_each(v.begin(),v.end(),print);

void print(int i)

{

cout << i << endl



;

}

Don’t forget the prototype.

As previously mentioned, many of these algorithms apply to arrays. See pages 735 to 738 of the text.

Other containers:

See:

http://www.cppreference.com/cppstl.html
For example a linked list is much more efficient at inserting and removing elements since we simply need to change the pointers contained in the individual elements.

It is with a linked list that we see that iterators are smart pointers.

it++ used with a linked list would not simply mean increment the pointer to the address of the next data element. The iterator would need to consult the pointers of the individual element to calculate to determine the address of the next element in the list.

The Map Container
Recall that an array can only be accessed by index number.

A map allows us to use one element to access another, for example one string to access another string. The element used to access the other element is known as the key.

#include <iostream>

#include <string>

#include <map>

using namespace std

 ;

int main(void)

{

string names[] = {"ed","jo","al"}
; 
string progs[] = {"C++","java","VB"};

map<string,string> mapProgs
 ;


for(int i = 0; i< 3 ; i++)

mapProgs[names[i]] = progs[i]
 ;

cout << mapProgs["ed"] << endl ; // could also use mapProgs[names[0]]
cin.get()






;

return 0



 ;


}
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We need to define two arrays.





#include <iostream>


using namespace std		;


int times (int)			;





#include "exp.h"


int main()


{


cout << times(2) << endl	;


cin.get()				;


return 0				;


}





int times (int i)


{


return i * i 			;


}





Different x’s.





exp.h





exp.cpp





expF.cpp





Note that if a function such as times() is used in a file, it must be declared, which it will be since this line int times(int); is effectively included because exp.h is included.





#include "exp.h" effectively cuts and pastes the text from the header file into this file. (Recall that the quote marks means “look in the current directory for this include file”.








After the find, try cout << *it << endl;    -> 4;    








Note that this time, two compiled object  files are produced: expF.obj and exp.obj. These are then linked by the linker to produce exp.exe (All behind the scenes!)





W don’t need to use T, we could used Tmp for example.





Definition. This warns the compiler how many bytes of memory space will be required to store objects of this type. It does not actually assign any memory space.





Declaration. (Not actually necessary here.) This simply gives a name to this particular class.





int x = 3				;


int times(int i)


{


return i * x 			;


}





#include "exp.h"


extern int x			;


int main()


{


cout << x * times(2)  << endl	;


cin.get()				;


return 0				;


}





expF.cpp





exp.cpp





extern only declares x. Try it without extern.





x is declared and defined (and initialized).





  x * (i * x) = 3 * (2 * 3)= 18.





static int x = 3			;


int times(int i)


{


return i * x 			;


}





#include "exp.h"


static int x = 4			;


int main()


{


cout << x * times(2)  << endl	;


cin.get();


return 0				;


}





expF.cpp





exp.cpp





… include exp.h.





Save these three files.





  x * (i * x) = 4 * (2 * 3) = 24.





(We can put the above #’s in the header file and cout << ED; in expF.cpp to show that it is project-wide.)





#include "exp.h"


void part::display(void)


{


cout << i << endl		;


}





#include "exp.h"	


int main(void)


{


	part p1(3)		;


	p1.display()	;


	cin.get()		;


	return 0		;


}








#include <iostream>


using namespace std	;


class part


{


int i				;


public:


part(): i(0)	


{				;}


part(int j): i(j)	


{				;}


void display(void)	;


}				;





exp.h





exp.cpp





expF.cpp





#include "exp.h" here…





…and here.





(No semicolons.)





Now uncomment this line.








ED is now not defined!





#include "exp.h"


#include "exp.h"





int main(void)


{


	part p1(3)		;


	p1.display()	;


	return 0		;


}





… mistakenly include our header file more than once…





exp.cpp





#if !defined(EXP_H)


#define EXP_H


#include "exp.h"


#endif


	


int main(void)


{


	part p1(3)		;


	p1.display()	;


	return 0		;


}





exp.cpp





If EXP_H is not defined…





#if !defined(EXP_H)


#define EXP_H


#include "exp.h"


#endif





#if !defined(EXP_H)


#define EXP_H


#include "exp.h"


#endif





	


int main(void)


{


	part p1(3)		;


	p1.display()	;


	return 0		;


}





exp.h will not be included a second time since EXP_H is defined.





A class declaration would be class part;





The definition of a class is not to be confused with the definition of and object. eg


part p1 ;








namespace two


{


int alpha = 2;


}





#include <iostream>


using namespace std			;





#include "exp.h"





namespace one


{


int alpha = 1;


}


int main(void)


{


	cout << one::alpha << endl	;


	cout << two::alpha << endl	;


	cin.get()				;


	return 0				;


}





(More practically, this namespace code would be placed in a separate header file.). 





We now need to qualify our variables with the respective namespace names using the scope resolution operator.





Now include this using directive line in the exp.cpp code above. (This must be placed after any #includes.)





Now we don’t need to qualify this particular alpha variable.





using namespace is more useful of course when we have a large number of variables from a particular header file.





typedef unsigned int unsit	;





#include <iostream>


using namespace std;





#include "exp.h"





unsit i = 1		;








int main(void)


{


cout << i << endl	;


cin.get()		;


return 0		;


}





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





An unsigned int can only assume positive integer values.





This line effectively reads as unsigned int unsit = 1	;





void display(float n)


{


cout << n << endl		;


}





void display(int n)


{


cout << n << endl		;


}





Include this line template <class T> to indicate that the following class definition is a template





void display(double n)


{


cout << n << endl		;


}





void display(long l)


{


cout << n << endl		;


}





Now the data must be qualified by the template type.





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





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





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.)








Recall that arr[2] means that only elements arr[0] and arr[1]can be initialized.





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).





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





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





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





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





3 … constructor is called whenever….





We have here returned the name of the function which caused the error. It would also be possible for example to return the value of integer i - this case with a value of 2 which caused the offence : cout << i << endl; before the throw.








Follow the code using the single step but “F10” this line. 





v.begin()is the address of this first element. 





This will insert 7 at position 0  ie before  the first element and shunt all of the other elements along to the right. 








To print out the values of a vector


for(int i = 0; i < v1.size(); i++)


{


	cout << v1[i] << endl;


}


�






This will erase the 3rd element and bunch up!.





Include the appropriate header file from the STL.





Use the template notation to instantiate an STL container (in this case a vector). Our vector in this case holds ints, but could hold doubles for example by using


vector<double> v	   ;


The functions used with the STL needs to operate on different data types and hence the need for library to be a template library – hence “Standard Template Library”. 





The iterator is defined and…





… initialized.





The iterator is used as an argument to the insert function.





An excellent reference site for all STL containers-  not just vectors.





For an excellent list of algorithms and examples, see:





� HYPERLINK "http://www.cppreference.com/cppalgorithm/" ��http://www.cppreference.com/cppalgorithm/�





Take a look at:


copy


( note how we initialize an empty array using the notation vector<int> v(4)	; )


merge


reverse


swap


count


accumulate


search


transform





Use f10 when stepping.





We are searching the whole vector for the element 4.





If we press F10 at his line, … 





… we can see that the iterator it points to the absolute position of the 4 in memory.





int i here effectively declares (and defines) our integer variable so that it can be used by the STL.





(Note the commas rather than semi-colons in the for_each.)





The square function is automatically called for each iteration. This is an unusual way to call a function – from inside another function. (square in this context is actually the address of our particular function which is passed to the for_each function in the STL. Such functions are called function objects – they allow us to call a function using the address of the function.





Include the map header of the STL.





(Historically, #define was used to assign values to constants, 


eg  #define ED 2 would ensure that the value of ED was 2 throughout the rest of the program, but now we would use const int ED = 2 instead.


The major problem with using #define ED 2 was that we could not type check the value (ie the 2 could be int , float etc  - we can’t tell. (Nor can the debugger be used on preprocessor directives.), so its use is discouraged in this context.)





Find the program language associated with “ed”. C++ .





Iterate through the map to associate the respective array values.





1   6   7   7


2   2   6   6


3   3   2   3


4   4   3   4


5   5   4   5


          5





The elements are then sorted in numerical order.





ie  the third element. (The first element is element number 0.)





Class template differ from function templates in the way that they are instantiated.





To create an actual function from a function template, you call it using arguments of a specific type eg. display(i)			;





 Classes however were instantiated by defining an object using the template argument eg. part  <float> p3;





Try unsit i = -1  ;





Strangely an error wont be flagged but a wrong value will be output.





Compare


T n 


to


int n, float n


etc.





Note when using a class template (as distinct from a function template) we must specify the type in this case float.





template <class T>


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





template <class T>





Single-step but use F10 when throw is encountered.





When we use #define , we don’t have to give it a value eg:


#define ED








void display(T n)


{


cout << n << endl		;


}





template <class T>


void part<T>::display(void)


{cout << a << endl	;}





class part


{


private:


T a				;


public:


part():a(0)


{				;}


public:


part(T b):a(b)


{				;}





Originally:











Finally.
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