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FUNCTIONS
Why functions?

· Modularity
· Maintenability
· Code reusability

· They facilitate information hiding (Consider the standard math functions we studied; we used them without knowing how they are implemented)

(1) void functions with no arguments
· A function returning no value has return type void
· The value or values passed to a function when it is invoked are called actual arguments.

· If no value is passed to a function when it is invoked, the argument list is empty.

· The syntax of a void function that has no argument is any one of the following:

	void functionName(void){

    declarations if any;

    executable statements;

    return;  // optional

}
	void functionName( ){

    declarations if any;

    executable statements;

    return;  // optional

}


· If a function does not physically appear before the function calling it, it must be declared before any call to the function. That declaration is called the function prototype. 
· The syntax of the prototype for a void function that has no argument is anyone of the following:

	void functionName(void);
	void functionName( );


· A function prototype can be global (i.e., it can appear before and outside all functions) or it can be local (i.e., it can appear inside a calling function). If the prototype is global, the corresponding function can be invoked from all other functions. If the prototype is local, the corresponding function can only be invoked from the function containing the prototype.
· The call to a void function is a statement; it is not part of an expression. Its syntax is:

                functionName();

Examples:
	#include <stdio.h>

void displayMenu(void);
int main(void){

     int  choice;

     displayMenu();

     scanf("%d", &choice);

     // . . .

     return 0;

}

void displayMenu(void){

printf(" 1.  Addition\n");

printf("2. Subtraction\n");
printf("Enter the operation\n");
}
	#include <stdio.h>

int main(void){

int  choice;

void displayMenu(void);
 displayMenu();

 scanf("%d", &choice);

 // . . .

 return 0;

}
void displayMenu(void){

printf(" 1.  Addition\n");

printf("2. Subtraction\n");

printf("Enter the operation\n");

}


Note: The prototype is not required if the called function physically appears before the calling function:

#include <stdio.h>

void displayMenu(void){

printf(" 1.  Addition\n");

printf("2. Subtraction\n");

printf("Enter the operation\n");
}

int main(void){

     int  choice;

     displayMenu();

     scanf("%d", &choice);

     // . . .

     return 0;

   }

(2) void functions with arguments
· The syntax of a void function that has argument(s) is:

	void functionName(parameterList){

    declarations if any;

    executable statements;

    return;  // optional

}


     where parameterList is a comma separated list of variable declarations. Each variable is

    called a formal argument to the function.
· The syntax of the prototype for a void function that has  arguments is anyone of the following:

	void functionName(parameterList);
	void functionName(typeList);


· The call to a void function with arguments is a statement; it is not part of an expression. Its syntax is:

                functionName(expressionList);
where expressionList is a comma separated list of expressions. Each such expression is

     called an actual argument of the function.

· Examples:
     #include <stdio.h>
#include <stdlib.h>
int main(void){
    
  int length;
       char ch;
       void drawLine(int, char);
       printf("Enter line length: ");
       scanf("%d", &length);
       fflush(stdin);
       printf("\nEnter the drawing character: ");
       scanf("%c", &ch);
       drawLine(length, ch);
       printf("\n");
       drawLine(length*2 , ch);
       printf("\n");
       system("PAUSE");
       return 0;
  }
  void drawLine(int length, char ch){
    int k;
    for(k = 1; k <= length; k++)
       printf("%c", ch);
  }
     Note: 
· There must be a one-to-one correspondence between actual arguments and formal

         arguments in terms of number and compatible type.

· A variable actual argument may or may not have the same name as the corresponding

        formal argument (Note that even if the arguments have the same names, they are

        different variables).

· The scope of a formal argument is its function block.

· The scope of a local variable (i.e., a variable declared within a method, is from its point 

         of declaration to the end of the block; unless if it is re-declared inside a nested block.

(3) functions with arguments returning a single value
· The syntax of a function with arguments and returning a single value is:
      returnType functionName(parameterList){

    declarations if any;

    executable statements;

    return  expression; 
} 

Note: 
· The expression in the return statement must have a type that is compatible with the

      function's return type.

· It is possible for a function that has one or more selection structures to have more than one return statement; however only one such statement will be executed.

· The call to a function returning a single value is an expression; it can appear anywhere an expression is allowed.
· Examples:

 #include <stdio.h>
#include <stdlib.h>
int main(void){
    double w, z;
    double sumSquares(double, double);
    printf("Enter two numbers: ");
    scanf("%lf%lf", &w, &z);
    printf("\nw = %.2f , z = %.2f\n", w, z);
    printf("\nThe sum of squares of 3.0*w + 2.0 and z is %.2f\n",
              sumSquares(3.0*w + 2.0, z));
    system("PAUSE");
    return 0;
}
double sumSquares(double x, double y){
    return x * x + y * y;
}
#include <stdio.h>
#include <stdlib.h>
#define MAXCOUNT 4
int main(void){
    int count;
    double fahrenheit;
    double convert(double);
    for(count = 1; count <= MAXCOUNT; count++){
       printf("Enter fahrenheit temperature: ");
       scanf("%lf", &fahrenheit);
       printf("\n%.2f fahrenheit = %.2f celcius\n", fahrenheit,
             convert(fahrenheit));
    }
    system("PAUSE");
    return 0;
}
double convert(double temperature){
    return (5.0 / 9.0 ) * (temperature - 32.0);
}
#include <stdio.h>
#include <stdlib.h>
int main(void){
    int num1, num2, maxValue;
    int findMax(int, int);
    printf("Enter two integers: ");
    scanf("%d%d", &num1, &num2);
    maxValue = findMax(num1, num2);
    printf("\nThe maximum of %d and %d is %d\n", num1, num2,
         maxValue);
    system("PAUSE");
    return 0;
}
int findMax(int x, int y){
    int max;
    if(x >= y)
      max = x;
    else
      max = y;
    return max;
}
  /* Computes the factorial of a number  */

#include <stdio.h>

int factorial(int n);

int main(void) {

   int num, fact;

   printf("Enter an integer between 0 and 7: ");

   scanf("%d", &num);

   if(num < 0) {

      printf("Factorial not defined for negative numbers\n");

   } else if (num <= 7) {

      fact = factorial(num);

      printf("The factorial of %d is %d\n", num, fact);

   } else
      printf("Number out of range: %d\n", num);

   system("pause");

   return 0;

}

int factorial(int n){

      int i, product = 1;

      for(i = n;  i > 1;  --i)
          product *= i;
      return product;

}
· Logical functions
In C, logical functions (functions that return true or false) are declared to be of int type: A function that returns 0, returns false, and a function that returns non-zero value, returns true.
Example:

 #include <stdio.h>
#include <stdlib.h>
int main(void){
    int num;
    int isEven(int);
    printf("Enter an integer: ");
    scanf("%d", &num);
    if(isEven(num))
      printf("\n%d is even\n", num);
    else
      printf("\n%d is odd\n", num);
    system("PAUSE");
    return 0;
}
int isEven(int b){
    return b % 2 == 0;
}
· Call by value
· If a function has a variable formal parameter, the corresponding actual argument value is passed to the formal parameter by copying. Changing the value of the actual argument within the function has no effect on the actual argument. 
        Example:

 #include <stdio.h>
#include <stdlib.h>
int main(void){
    void test1(int, int);
    int a = 10, b = 16;
    printf("a = %d, b = %d\n", a, b);
    test1(a, b);
    printf("a = %d, b = %d\n", a, b);
    system("PAUSE");
    return 0;
}
void test1(int a, int b){
    a = 5;
    b = 24;
}
 Output:
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(4) functions returning more than one result

· Functions returning more than one value have pointer variables as their formal parameters. 

    These formal parameters are called output parameters. The corresponding actual arguments

    are addresses.
· A pointer variable is a variable that can be used to store the constant NULL or the starting address of a variable of a specific type.

· Declaring pointer variables
· The syntax for declaring a pointer variable is either:

type  *variableName;

     or

            type*     variableName;
      Example:

               int*  ptr;        // declares a pointer variable ptr of int*  type that can store the start

                                      //address of an int variable

               double*  dblptr;   // declares a pointer variable dblptr of double* type that can

                                            // store the start address of a variable of tpe double
· Initializing pointer variables
· By using the address operator & we can initialize a pointer variable, and if it is initialized, we can use the deferencing operator * to access the variable it is pointing to. 
Example:
	int n = 84, m;

int* ptr;

ptr = &n;

printf("%p", ptr);        //  1024

printf("%d",  *ptr);       //  84
printf("%d",  &ptr);       //  2061
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	m = 2 * *ptr + 5;

printf("%d", m);            // 173
*ptr = 2;

printf("%d", n);             //2                       
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Thus in the above example, the variable *ptr is equivalent to the variable n
· Examples: Write a C program that uses a function to compute the area and the circumference of a circle, given its radius:
 #include <stdio.h>
#include <stdlib.h>
void area_circum (double radius, double *area, double *circum);
int main(void) {
     double radius, area, circum ;
     printf("Enter the radius of the circle > ") ;
     scanf("%lf", &radius) ;
     area_circum(radius, &area, &circum) ; 
     printf ("The area = %.2f sq cm, Circumference = %.2f cm\n",
       area, circum) ;

     system("pause");
     return 0;
}
void area_circum (double radius, double* area, double* circum) {
     *area = 3.14 * radius * radius ;

     *circum = 2 * 3.14 * radius ; 

}
· Call by reference
· If a function has a pointer variable formal parameter, the address of the corresponding actual argument is passed to the formal parameter. Changing the value of the actual argument within the function will also change the actual argument. 

· Example1
#include <stdio.h>
#include <stdlib.h>
int main(void){
    void test2(int *, int *);
    int a = 10, b = 16;
    printf("a = %d, b = %d\n", a, b);
    test2(&a, &b);
    printf("a = %d, b = %d\n", a, b);
    system("PAUSE");
    return 0;
}
void test2(int *m, int *n){
    *m = 5;
    *n = 24;
}
Output:
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· Example2:
      /* swaps the values between 2 integer variables */

#include <stdio.h>

void readint(int *a, int* b);

void swap(int *a, int *b);

int main (void) {

    int num1, num2;

    readint(&num1, &num2);

    printf("before swapping num1 = %d,  num2 = %d\n",num1, num2);

    swap(&num1, &num2);

    printf("after swapping num1 = %d, num2 = %d\n",num1, num2);

    system("pause");

    return 0;

}

void readint(int *a, int *b) {

    printf("enter first integer: ");

    scanf("%d",a);     // note a and b are pointer variables, no &
    printf("enter second integer: ");

    scanf("%d",b);

}

void swap (int *a, int*b) {

    int temp;

    temp = *a;

    *a = *b;

    *b = temp;

}

       Sample Output:
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