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Header Files

· In a big programming project, related functions are usually grouped in the same source file and their prototypes are put in a header file with the same file name and extension .h.

· Files which make use of those functions include the header files.

· Individual source files are compiled to generate object codes which are linked with library codes by the linker to generate the executables.  (If you are using a PC compiler such as MSVC++ or Borland C++, this is usually done by adding individual file names into the project files.  Refer to your compiler Manual about the details.)

Default Parameters 

· C++ supports default parameters.

· Default parameters are usually supplied in the first occurrence of the function’s prototype.

Example:

/* print a line of length len using char ch */

void printline(char ch=’-’, int len = 20);

· Default parameters cannot be re-declared once they are supplied in a function declaration.

· A function call printline() will print a line of 20 ‘-‘ in the above example.

· A function call printline(‘*’) will print a line of 20 ‘*’.

· printline(‘%’, 15) will print a line of 15 ‘%’.

· Only the last default parameters can be omitted in a function call. ( printline(14) does not print a line of 14 ‘-‘.

Inline functions

· Function calls involve parameter passing overhead as a penalty to the program performance.

· Using macros can avoid the overhead.  However, macros behave differently from functions and macro parameters may be evaluated multiple times.

· C++ provides inline functions which solves the above two problems.

· Inline functions are expanded as they are compiled so that there is no parameter passing penalty.

· The code will run faster but the compiled program size will usually be bigger because of inlining.

· Inline functions are defined by prefixing the function definition with the keyword inline in front of the return type specifier.

Example:

inline int min(int x, int y)

{


return (x<y) ? x : y;

}

· The keyword inline only advises the compiler to expand the function inline.  Long functions are usually not expanded inline even though it is defined as inline.  The actual implementation is compiler dependent.

Reference Data Types in C++

· Reference variables are aliases to other variables.

· Reference variables are declared with an & prefix in the identifier and they MUST be initialized to a non-reference variable.

Examples:


int 

ix, iy;


int

&ix_ref = ix;

// ix_ref == ix


int

&iy_ref;

// error, no initialization

· ix_ref is an alias to ix.  Writing ix_ref = 5 is equivalent to writing ix = 5.

Call by Reference

· Call by reference is available in C++

· The swap function that we have seen before can be written using reference types instead of pointers as:

// interchange the values of x and y

void swap(int &x, int &y)

{


int temp;


temp = x;


x = y;


y = temp;

}

· A call to the swap function may look like:

int a, b;

...

swap(a, b);

...

· Since x and y are aliases to a and b, changing the values of x and y is the same as changing the values of a and b.

· Reference types can also be return types which is usually seen in operator functions to return an lvalue which can be modified, e.g. array indexing.

Overloading Functions and Operators

· Overloading enables similar operations on different data types to use the same function name or operator.

· We have been quietly taking advantages of overloaded operators defined by the compiler such as +, -, *, /.  These are overloaded for different numeric data types such as int, char, float, double, etc.

· Overloaded functions share the same function name but different argument lists.

Example:

int max(int, int);

int max(const int*, int);
//overloaded function


...

int ix, iy, iz, i_array[20];


...

ix = max(iy, iz);
// int max(int, int)

ix = max(i_array, 20); // int max(const int* int)

· Overloaded functions are distinguished by their input argument list, also called signatures.

· Because overloaded functions are resolved by parameter matching of the actual parameter types to the formal parameters, functions cannot be overloaded by having the same signature but different return types.

int max(int, int);

double max(int, int); 
// error, cannot overload

· Implicit type conversion may be applied on function calls if exact match cannot be found.  Overloaded functions may cause ambiguity which can be solved by explicit casting.

Example:


void print(char );


void print(short );


print(‘c’); 


//ok, print(char)


print((short) 25);
//ok, print(short)


print(84);



//ambiguous


print((char)84);

//ok, print(char)


The last call is ambiguous since int can be converted to both short and char with equal priority by the compiler.

· Ambiguity is a complicated subject in function and operator overloading and template classes and template functions.  (Ref.: C++ Primer, Ch. 4, S. Lippman, Addison-Wesley).

Template Functions

· Instead of writing an overloaded function for each different data type, if the only difference between versions of overloaded functions is the data types,  C++ provides the template facilities which enable us to substitute the formal parameters by the data type of the actual parameters in a function call (or instantiation in this case).

Example: template swap function

// forward declaration

template <class T> void swap(T, T);

template <class T>
// T is called formal parameter

void swap(T &u, T &v)

{


T temp;


temp = u;


v = u;


v = temp;

}

int main( void )

{


int  ix, iy;


double dx, dy;


swap(ix, iy);
// instantiate swap(int, int)


swap(dx, dy);
// instantiate swap(double, double)

}

· The actual function is generated (instantiated) only when it is called with actual parameters.  The formal parameters after the keyword class in the template definition are replaced by the types of the actual parameters.

· The keyword class must appear in front of all the formal parameters.

· A formal parameter name can be reused across different template definitions but not in the same template definition.

template <class U, class V>

U ff1(U ux, V vy);
//ok

template <class U>

void swap(U &ux, U &uy);

//ok to reuse U across definition

template <class U, class U> V ff2(U ux); // error

· As with overloaded functions, template functions can cause ambiguities if not handled with care.  Refer to Ch.4 of Lippman for details.

Scope Operator ::

· Local variables will shield global variables with the same name.

· In C++, the global variable can be accessed using the scope operator :: in front of the variable name.

Example:


int x;

// global variable declaration


void ff(int u, double v)


{



int x;


//local  variable declaration



...



x = u * v; 

// local x;



x = u * ::x;
// second x is the global x



...

}

Storage Classes

1. register
· As mentioned in the introduction chapter, registers are the fastest memory in a computer.

· If a variable is declared with the register keyword, the compiler will try to allocate memory for the variable from the register instead of the regular RAM.

· Register variables are usually used for critical variables which will affect the performance a lot, e.g. loop control variables which are accessed every time a loop is executed.

Example:


register int ireg;


for(ireg = 0; ireg < 1000; ireg++) { ... }

· Taking the address of a register variable such as &ireg is illegal.

2. static
· Static has two folded meanings when used in different contexts.

· A global variable declared with the static keyword is only visible within the same file.  It is not accessible by codes from a different file.

· When static is used with a local variable definition in a function, the local variable declared is not dynamically created and destroyed when the function is called and exits.  A static variable remains in scope as long as the program runs.  It is not handled by the parameter stack.

Example:

void ff(void)

{


static int count = 1;


cout << “Function ff has been called “ << count



  << “ times.” <<endl;


count++;


return;

}

· count is initialized by the compiler when the program is compiled.  It is incremented by one each time the function ff is called and stays in scope as long as the program runs.

3. extern
· Variables declared with the extern keyword do not cause memory allocation.  It is usually used to refer to variables declared in a different file and used in the current file.

Example:

The following is declared in file1.cpp


doubel pi;

If file2.cpp wants to access the same variable pi, then pi is declared in file2.cpp as:



extern double pi;
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