Functions



5.1 Introduction

The design philosophy of C is based on using functions. The C system provides several functions to help the programmers perform several tasks. For example, printf, scanf, putchar and getchar are a part of the C system. All programmers, however, have to write the function main. Programs always start executing the instructions in main. After that, main can call other functions, like printf and scanf to perform the required tasks.



A function is a self-contained unit of program code designed to accomplish a particular task. A function in C plays the same role that functions, subroutines and procedures play in other languages, although the way these are implemented and invoked may differ for different languages. Some functions only cause an action to take place. For example, printf causes data to be printed in the display. Some functions find a value for the program to use. For example, atan tells the program the angle in radians corresponding to the value specified to it. In general, a function can both produce actions and provide values.



Following may be some of the reasons why programmers would want to write and use functions,



Code Reusability. Probably the original reason functions, subroutines or procedures were invented was to avoid having to write the same code over and over again. For instance, a programmer writes an application to perform statistical analysis of a manufacturing process. This program computes averages and variances of certain parameters of the process. If the programmer implements functions to calculate averages and variances of a set of numbers, these functions can be reused in an application to statistically analyse the performance of an automobile under different operating conditions. Moreover these functions are reused several times within the same program.

Program Organisation. This is all the early subroutines did. However, over the years it was found that using the subroutines made it easier not only to organise programs but also the complete development activity. If the complete functionality of the program could be divided into separate activities, and each activity placed in a separate subroutine, then each subroutine could be written and checked out more or less independently. Separating code into modular functions also made programs easier to design and understand. 

Independence. As this idea took hold, it became clear that there was an advantage in making subroutines as independent from the main program and from one another as possible. For instance, subroutines were invented that had their own private variables, i.e., variables that could not be accessed from the main program or the other subroutines. This meant that the programmer did not need to worry about accidentally using the same variable name in different subroutines. The variables in each subroutine were protected from inadvertent tampering by other subroutines. Thus it was easier to write large and complex programs.



5.2 Creating and Using Simple Function

The following program uses a simple function to print a header on a page on the screen.



#include <stdio.h>



void printHeader(void);



int main(void)

{

	printHeader();

	printf("This is the body of the page\n");

	printf("Does the header look OK to you?\n");

	return(0);

}



void printHeader(void)

{

	int i;

	for(i=0;i<80;i++)

	{

		printf("=");

	}

	printf("\nCRACKER'S COMPUTER Co.\n");

	for(i=0;i<80;i++)

	{

		printf("=");

	}

	printf("\n");

}



This program produces the following output on the display,



================================================================================

CRACKER'S COMPUTER Co.

================================================================================

This is the body of the page

Does the header look OK to you?



This program looks almost like two small programs, but actually each of these programs is a function. As mentioned earlier, main is one function and printHeader is the second function. The only special thing about main is that it is executed first. It does not even matter if main is the first function in the listing. 



In this example, main calls the function printHeader. Calls means to cause to be executed. Please note that there are three program elements involved in using a function, namely, function prototype, function call and function definition. These are explained in the following paragraphs,

Function Definition. The function itself, i.e., the code that describes what a function does is called a function definition. A function definition has the following general form,



return_type function_name(parameter_list)

{

	declarations

	statements

}



In the above mentioned example, the line,

void printHeader(void)

is the declarator. The first void (i.e., return_type) means that the function does not return anything. The second void (i.e., the parameter_list) means that it does not take any arguments. Note that the declarator does not end with a semicolon. It is not a program statement whose execution causes something to happen. Rather, it tells the compiler that a function is being defined. 



The function definition continues with the body of the function, i.e., the program statements that perform the task of the function. The body of the function is enclosed in braces. Following is the body of the function printHeader. 

{

	int i;

	for(i=0;i<80;i++)

	{

		printf("=");

	}

	printf("\nCRACKER'S COMPUTER Co.\n");

	for(i=0;i<80;i++)

	{

		printf("=");

	}

	printf("\n");

}



Function Call. To make a function perform its designated task, it has to be called from another function. The general forms of a function call are

variable_name = function_name(parameter_list); /* if the return_type

 								    & parameter_list are 

								    not void */

function_name(parameter_list); /* if the return_type is void but 

						parameter_list is not void */

function_name(); /* if the return_type and parameter_list both are 

			    void */

variable_name = function_name(); /* if the return_type is not 

						  void */



If a function returns a value at the end of its execution, that value may be assigned to a variable. If the function requires some data to perform its tasks, these may be provided as function arguments. Because a function call a statement in the calling function, it ends with a semicolon. A function call causes the control of program to be transferred to the code in the definition of the called function. The called function performs its tasks by executing statements in the body of the function. Once the called function ends its execution, the control is returned to the calling program, to the statement immediately following the function call.



In the above mentioned example, the function printHeader does not return any value and does not require any data for its execution. Therefore the function call inside the function main is 

printHeader();



The empty parenthesis after the function name also help to distinguish function calls from variable names. Once this statement is executed, the control is transferred to the definition of the function printHeader. The body of printHeader function is executed. Once the execution of function printHeader ends, the control is returned to function main, to the statement immediately following the function call printHeader();, i.e.,

printf("This is the body of the page\n");



Function Prototypes. Functions should be declared before they are used. ANSI C provides for a new function declaration syntax called the function prototype. A function prototype tells the compiler the number and type of arguments that are to be passed to the function and the type of the value that is to be returned by the function. The general form of a function prototype is 

return_type function_name(parameter_type_list);



The parameter_type_list is typically a comma-separated list of types. Identifiers are optional and do not affect the prototype. For instance, the function prototype

int aFunction(float FirstVariable, char SecondVariable); is equivalent

int aFunction(float, char); The identifiers such as FirstVariable and SecondVariable that occur in the parameter type lists in function prototypes are not used by the compiler. Their purpose is to provide documentation to the programmer and other readers of the code. The keyword int before the function name, aFunction, indicates that the function returns an integer value after its execution ends. The key thing to remember about the prototype is that the data type of the return value must agree with that of the declarator in the function definition and the number of arguments and their data types must agree with those in the function definition. 



In the above mentioned example, the prototype of the function printHeader is 

void printHeader(void);



Here the parameter type list is void, indicating that the function is not to be passed any data by the calling function. Moreover, the return type is also void, again indicating that the function does not return any data back to the calling function. The function prototype is written before the function main. This causes the prototype to be visible to all the functions in the program.



5.3 Local Variables

The variables declared inside a function are visible only to the code inside that particular function and not to any other function. These variables are known as local variables or automatic variables because they are automatically created when a function is called and destroyed when the function returns. 



In the above mentioned example, the variable i in function printHeader is visible to that function only and not to function main.



5.4 Passing Data into a Function

Several functions need to be provided information which they require for their operation. For instance, the sqrt function requires a double precision floating point value be passed to it. The code inside the function then calculates the square root of the value passed to it and returns the result of the square root operation to the calling program.



The example developed in the last section to draw a page header is an extremely inflexible program as it can only generate headers of one fixed design for an 80 column printer. If the size of the paper varies or the user requires a separate design, the program needs to be modified and recompiled and the modified version has to be supplied to the user. Following is a modified version of the program. This program allows the users to print headers of variable widths.



#include <stdio.h>



void printHeaderLine(int);

void printHeader(int);



int main(void)

{

	int Width;

	printf("Enter the width of the header ");

	scanf("%d",&Width);

	printHeader(Width);

	printf("This is the body of the page\n");

	printf("Does the header look OK to you?\n");

	return(0);

}



void printHeaderLine(int W)

{

	int i;

	for(i=0;i<W;i++)

	{

		printf("=");

	}

	printf("\n");

}



void printHeader(int Wid)

{

	printHeaderLine(Wid);

	printf("CRACKER'S COMPUTER Co.\n");

	printHeaderLine(Wid);

}



This program differs from the previous example in two ways. Firstly, printHeader function calls the printHeaderLine function twice to draw the header lines above and below the message CRACKER'S COMPUTER Co. Secondly, both these functions are passed a value corresponding to the user’s choice of the width of the header. 



In the definition for the function printHeader, the line void printHeader(int Wid) specifies that the function uses an argument Wid of type int. Such arguments are known as formal arguments. The compiler uses this information to create a new variable named Wid of the type int which is local to the function printHeader. Similarly, in the definition for the function printHeaderLine, the line void printHeaderLine(int W) specifies that the function uses an argument W of the type int. As with function printHeader, the compiler uses this information to create a new variable named W of type int which is local to the function printHeaderLine.   



In function main, the statement printHeader(Width); is a call to the function printHeader. The value of the variable Width, inside the parenthesis, is assigned to the variable Wid declared in the function definition. The argument in the function call (Width in this case) is a particular value that is assigned to the variable that is the formal argument in the function definition (Wid in this case). Such arguments are known as actual arguments. Actual arguments can be variables, constant values, function calls or expressions that provide a value of the required type. 



Once this program is executed, the operating system invokes function main. Variable Width of type int is declared. The statement 

printf("Enter the width of the header "); prints the prompt for the user to enter data. The statement scanf("%d",&Width); allows the user to enter an integer number from the keyboard. The value entered is stored in the variable Width. The function printHeader is then called and Width is specified in the parenthesis as an actual argument. Once the function printHeader is invoked, a new variable Wid is declared and the value of Width is stored in the formal argument Wid.   



The first statement of the printHeader function is a function call to the function printHeaderLine. In this function call, the variable Wid is specified as the actual argument. Once the function printHeaderLine is invoked, a new variable W is declared and the value of Wid (which is equal to the value of Width declared in function main) is stored in the formal argument W. Inside the function printHeaderLine, the loop

for(i=0;i<W;i++) prints the symbol = for number of times equal to the value of W. 



Once the function printHeaderLine terminates, the control is transferred back to the calling program, i.e., printHeader function. The next statement, i.e.,

printf("CRACKER'S COMPUTER Co.\n"); is executed. This prints the message 

CRACKER'S COMPUTER Co. on the display. The next statement is again a call to the printHeaderLine function. Finally, when the function printHeader terminates execution, the control is transferred to the main function where subsequent statements are executed. 



The outputs of two execution sessions of this program are given below,



Enter the width of the header 30

==============================

CRACKER’S COMPUTER Co.

==============================

This is the body of the page

Does the header look OK to you?



Enter the width of the header 70

======================================================================

CRACKER’S COMPUTER Co.

======================================================================

This is the body of the page

Does the header look OK to you?



Therefore, by passing the information related to the width of the header into the function that print the header, the size of the header can be varied. However, the basic design remains the same and the user cannot vary either the title or the symbol used in the lines above and below the title.



The following program is another modified version of the initial example. This program not only allows printing headers of variable widths but the user can also specify the symbol to be used for the lines above and below the title.



#include <stdio.h>



void printHeaderLine(int,char);

void printHeader(int,char);



int main(void)

{

	int Width;

	char Symbol;

	printf("Enter the width of the header ");

	scanf("%d",&Width);

	getchar();

	printf("Enter the symbol to be used for lines ");

	scanf("%c",&Symbol);

	printHeader(Width,Symbol);

	printf("This is the body of the page\n");

	printf("Does the header look OK to you?\n");

	return(0);

}



void printHeaderLine(int W,char S)

{

	int i;

	for(i=0;i<W;i++)

	{

		putchar(S);

	}

	printf("\n");

}



void printHeader(int Wid,char Sym)

{

	printHeaderLine(Wid,Sym);

	printf("CRACKER'S COMPUTER Co.\n");

	printHeaderLine(Wid,Sym);

}



The function prototypes 

void printHeaderLine(int,char);

void printHeader(int,char);



specify that the function printHeader and printHeaderLine require two arguments, first of which is an integer value whereas the second one is a character value. The function call printHeader(Width,Symbol); in function main also take two actual arguments, i.e., Width and Symbol. Width is a variable of type int and Symbol is of type char. The declarator void printHeader(int Wid,char Sym) in the function definition also specifies two formal arguments, the first one being of type int and the second one being of the type char. So when the function printHeader is called, the value of the first actual argument is copied into the first formal argument. Similarly, the value of the second actual argument is copied into the second formal argument.



Typical execution sessions of this program are as follows,



Enter the width of the header 40

Enter the symbol to be used for lines *

****************************************

CRACKER’S COMPUTER Co.

****************************************

This is the body of the page

Does the header look OK to you?



Enter the width of the header 65

Enter the symbol to be used for lines ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CRACKER’S COMPUTER Co.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This is the body of the page

Does the header look OK to you?



5.5 Returning a Value from a Function

Functions can also return the results of processing, they are required to perform, to the calling function. The value is returned to the calling function by placing the value or the variable name between the parenthesis following the return keyword. The return statement has two purposes. First, executing it immediately transfers control from the called function back to the calling function. Second, whatever is inside the parenthesis following return keyword is returned as a value to the calling program.



Consider the following program. It uses a function getSign which takes in a floating point number and returns an integer number. The value of the integer number is 1 if the floating point number passed to the function was a negative number. Otherwise it is 0.



#include <stdio.h>

#include <math.h>



int getSign(float);



int main(void)

{

	float InNumber;

	int SignOfNumber;

	printf("Enter a floating point number ");

	scanf("%f",&InNumber);

	SignOfNumber = getSign(InNumber);

	if (SignOfNumber)

	{

		printf("%f is a negative number\n",InNumber);

	}

	else

	{

		printf("%f is a positive number\n",InNumber);

	}

	return(0);

}



int getSign(float ANumber)

{

	float AbsValue;

	int SignOfNumber;

	AbsValue = fabs(ANumber);

	if (fabs(AbsValue - ANumber) <= 1e-6)

	{

		SignOfNumber = 0;

	}

	else

	{

		SignOfNumber = 1;

	}

	return(SignOfNumber);

}



The function prototype int getSign(float); suggests that the getSign function takes in a floating point value and returns an integer. The main function declares two variables, InNumber and SignOfNumber of types float and int respectively. The statement

printf("Enter a floating point number ");

prompts the user to enter a floating point number by printing the statement 

Enter a floating point number . The statement scanf("%f",&InNumber); accepts the data from the keyboard and assigns it to the variable InNumber. 



The statement SignOfNumber = getSign(InNumber); is a function call to the function getSign. The actual argument to the function is the value of the variable  InNumber. As the function is expected to return a value of type int, it must be assigned to an appropriate variable or otherwise it will be lost. In this statement, the value returned is assigned to the variable SignOfNumber. 



When the function getSign is invoked the value of the actual argument is copied to the formal argument ANumber. The statement AbsValue = fabs(ANumber); determines the absolute value of the variable ANumber which is assigned to the variable AbsValue. Then the following if-else statement is executed 



	if (fabs(AbsValue - ANumber) <= 1e-6)

	{

		SignOfNumber = 0;

	}

	else

	{

		SignOfNumber = 1;

	}



The expression fabs(AbsValue - ANumber) calculates the absolute value of the difference between AbsValue and ANumber. If the absolute value of the difference is less than or equal to 1e-6 then the statement SignOfNumber = 0; is executed. Alternatively, the statement SignOfNumber = 1; is executed. Please note that the variable SignOfNumber in function getSign is local to function getSign. 



In the end, the statement return(SignOfNumber); is executed which returns the value of SignOfNumber to the calling function, which in this case is function main. Additionally the control of program is also transferred to function main, which executes the statement immediately after the function call. The statement after the function call is an if-else statement. The statement checks the value of SignOfNumber and if the value is non-zero, the following statement is executed, 

printf("%f is a negative number\n",InNumber);. Alternatively, the following statement is executed,

printf("%f is a positive number\n",InNumber);



Following are a few sessions of the program



Enter a floating point number 53.523

53.52300 is a positive number



Enter a floating point number -10.215

-10.21500 is a negative number



Enter a floating point number 77

77.00001 is a positive number



5.6 Finding Addresses : The & Operator

The & operator provides the address at which a variable is stored. If IntValue is the name of the variable, then &IntValue is the address of the variable. This address is the location in memory where the value assigned to the variable is stored. So if IntValue = 24 and the address where IntValue is stored is 12126, then 

printf (“%d :: %u\n”,IntValue, &IntValue);

will produce 

24 :: 12126



5.7 Altering Variables in the Calling Program

Consider a situation where one function is to be used to make changes in the variables of a different function. For example, a function is used to swap the values of two variables x, y. If the following program is used



/*	noptr.c	Demo of pointers	*/



#include <stdio.h>



void interchange(int a,int b);



int main(void)

{

	int x = 10;

	int y = 12;

	printf("Original :: x = %d :: y = %d\n",x,y);

	interchange(x,y);

	printf("New      :: x = %d :: y = %d\n",x,y);

	return(0);

}



void interchange(int a,int b)

{

	int temp;

	printf("Original :: a = %d :: b = %d\n",a,b);

	temp = a;

	a = b;

	b = temp;

	printf("New      :: a = %d :: b = %d\n",a,b);



}



The output of this program will be



Original :: x = 10 :: y = 12

Original :: a = 10 :: b = 12

New      :: a = 12 :: b = 10

New      :: x = 10 :: y = 12



So these values did not get swapped in function main even when swapping did occur inside the function interchange. This problem is solved if two values could be passed back, instead of one, from the interchange function. This is not possible using the return statement. To return more than one value from a function, pointers are used.



5.8 Pointers

A pointer is a symbolic representation of an address. So the address operator (&) with the name of the variable is known as the pointer to that variable. Thus &x is the pointer to x. The actual address is a number and pointer to the variable is a pointer constant (as the variable does not change its memory location as the program executes). If ptr is the name of a pointer variable, the statement ptr = &IntValue assigns IntValue’s address to ptr. Note that ptr is a variable and &IntValue is a constant.



5.9 The Indirection Operator : *

If there is a particular pointer, ptr, to a variable, the value stored in the memory location being pointed at by ptr can be found by using the indirection operator (*).



val = *ptr;



Thus if ptr is a pointer to IntValue and IntValue = 27, then after executing this statement val = 27.



5.10 Declaring Pointers

Declaration of a pointer variable is associated with the type of data stored in that specific memory location. This is because different variable types have different storage requirements and some pointer operations require knowledge of the storage size of the data type. Also, the program may need to know what kind of data is stored at that address. For example, a long and a float may use the same amount of storage but they store the numbers quite differently. Pointer variables are, therefore, declared as follows;



int *pi;		/*pointer to an integer*/

char *pc;		/*pointer to a char variable*/

float *pf;		/*pointer to a floating point variable*/



The type specification identifies the type of the variable pointed to and the asterisk identifies the variable itself as a pointer. So int *pi states that pi is a pointer and that *pi is of type int.



5.11 Using Pointers to Communicate Between Functions

The following example is a modified version of the previous example and uses pointers



/*	ptr1.c	Demo of pointers	*/



#include <stdio.h>



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



int main(void)

{

	int x = 10;

	int y = 12;

	printf("Original :: x = %d :: y = %d\n",x,y);

	interchange(&x,&y);

	printf("New      :: x = %d :: y = %d\n",x,y);

	return(0);

}



void interchange(int *a,int *b)

{

	int temp;

	printf("Original :: a = %d :: b = %d\n",*a,*b);

	temp = *a;

	*a = *b;

	*b = temp;

	printf("New      :: a = %d :: b = %d\n",*a,*b);



}



Now the output of this program is 



Original :: x = 10 :: y = 12

Original :: a = 10 :: b = 12

New      :: a = 12 :: b = 10

New      :: x = 12 :: y = 10



This program managed to function as desired because the function call interchange(&x,&y) transmitted the addresses of x and y instead of their values. Thus a and b in interchange(int *a, int *b) are actually addresses of x and y. Therefore a and b are pointers to x and y.



Now as a==&x and b==&y, *a==x and *b==y, so temp = *a; actually assigns temp the value of x. Similarly, *a=*b; actually assigns x the value of y and *b=temp; assigns y the value of temp which was the original value of x.



5.12 Example

The following example uses a function, calculate, to perform the addition, subtraction, multiplication and division operations on the values assigned to two variables.



/*	calc.c	Demo of pointers	*/



#include <stdio.h>



void calculate(float x,float y,float *sum,float *diff,float *product,

 	     float *division);



int main(void)

{

	float x, y, sum, difference, product, division;

	x = 7.5;

	y = 0.5;

	calculate(x,y,&sum,&difference,&product,&division);

	printf("%5.2f + %5.2f = %5.2f\n",x,y,sum);

	printf("%5.2f - %5.2f = %5.2f\n",x,y,difference);

	printf("%5.2f * %5.2f = %5.2f\n",x,y,product);

	printf("%5.2f / %5.2f = %5.2f\n",x,y,division);

	return(0);

}



void calculate(float x,float y,float *sum,float *diff,float *product,

 	     	   float *division)

{

	*sum = x + y;

	*diff = x - y;

	*product = x * y;

	*division = x / y;

}



5.13 Storage Classes

In addition to having a type, each variable has a storage class. There are four keywords used to describe storage classes; extern (for external), auto (for automatic), static and register. The storage class of a variable is determined by where it is defined and by what keyword. The storage class determines two things. First, it controls which functions have access to a variable. The extent to which a variable is available is called its scope. Second, the storage class determines how long the variable persists in memory.



Following paragraphs describe the properties of each class



5.13.1 Automatic Variables

By default, variables declared in a function are automatic. One can, however, explicitly declare the variables as being automatic by using the keyword auto. Consider the following example,



void AFunction(void)

{

	auto int AVar = 0;

	AVar +=3;

	printf("In Function AVar = %d\n",AVar);

}



Here, the variable AVar has been explicitly declared as an automatic variable of type int. Such declarations are generally used by programmers to show that they have intentionally overridden an external definition.



An automatic variable has local scope within a block, i.e., the pair of braces in which the variable is declared. It is considered a good programming practice to declare automatic variables at the beginning of a function definition. Only the function in which the variable is defined knows the variable. Of course, arguments can be used to communicate the value and the address of the variable to another function, but that is partial and indirect knowledge. Other functions can use variables with the same name, but they will be independent variables stored in different memory locations.



An automatic variable comes into existence when the function that contains it is called. When the function finishes its task and returns control to its caller, the automatic variable disappears. The memory location can now be used for something else. Thus, the values of these variables are also lost. If the function is invoked again, the system once again allocates memory, but the previous values are unknown. 



5.13.2 External Variables

A variable defined outside a function is external. An external variable can also be declared in a function that uses it with the extern keyword. For instance, consider the following example,



#include <stdio.h>



int GlobalVar;



void change(void);



int main(void)

{

	extern int GlobalVar;

	GlobalVar = 0;

	printf("Before function GlobalVar = %d\n",GlobalVar);

	change();

	printf("After function GlobalVar = %d\n",GlobalVar);

	return(0);

}



void change(void)

{

	extern int GlobalVar;

	printf("In function, before change GlobalVar = %d\n",GlobalVar);

	GlobalVar += 3;

	printf("In function, after change GlobalVar = %d\n",GlobalVar);

}



Here, the declarations extern int GlobalVar; in functions main and change indicate that the variable GlobalVar being used in these functions has been declared elsewhere, i.e., outside these functions. Please note that both these functions use the same variable GlobalVar. Thus this variable is considered to be global to all functions declared after it, and upon exit from the block or function, the external variable remains in existence. An execution session of this program produces the following output,



Before function GlobalVar = 0

In function, before change GlobalVar = 0

In function, after change GlobalVar = 3

After function GlobalVar = 3



Program code can be divided into different source code files which are compiled separately. Thus, if an external variable declared in one source code file is required in another source code file, it needs to be declared with the extern keyword. Thus use of this keyword tells the compiler that the variable has been defined elsewhere, either in the same source code file or a different source code file. However, the complete declaration with the extern keyword may be omitted entirely if the original definitions occur in the same file and before the function that uses them. For instance, consider another version of the program shown above.



#include <stdio.h>



int GlobalVar;



void change(void);



int main(void)

{

	GlobalVar = 0;

	printf("Before function GlobalVar = %d\n",GlobalVar);

	change();

	printf("After function GlobalVar = %d\n",GlobalVar);

	return(0);

}



void change(void)

{

	printf("In function, before change GlobalVar = %d\n",GlobalVar);

	GlobalVar += 3;

	printf("In function, after change GlobalVar = %d\n",GlobalVar);

}



Unlike the program mentioned above, this program does not contain the declarations extern int GlobalVar; in the functions change and main. However, as the variable GlobalVar is originally declared in the same source code file outside all the functions, it is by default visible to all the functions defined after its declaration. Hence the output of an execution session of this program is the same as that for the previous program.



However, if just the extern keyword would have been omitted from the declaration in the function, then a separate automatic variable is setup by that name for that function. For instance consider the following program,



#include <stdio.h>



int GlobalVar;



void change(void);



int main(void)

{

	GlobalVar = 0;

	printf("Before function GlobalVar = %d\n",GlobalVar);

	change();

	printf("After function GlobalVar = %d\n",GlobalVar);

	return(0);

}



void change(void)

{

	int GlobalVar = 1;

	printf("In function, before change GlobalVar = %d\n",GlobalVar);

	GlobalVar += 3;

	printf("In function, after change GlobalVar = %d\n",GlobalVar);

}



In this program, the statement int GlobalVar = 1; inside function change declares a local variable with the same name as that of the external variable, i.e., GlobalVar and initialises it to the value 1. Thus all operations on GlobalVar inside function change affect only its local variable GlobalVar and not the global variable GlobalVar. An execution session of the above mentioned program produces the following output.  



Before function GlobalVar = 0

In function, before change GlobalVar = 1

In function, after change GlobalVar = 4

After function GlobalVar = 0



External variables never disappear. Because they exist throughout the execution life of the program, they can be used to transmit values across functions. However, passing information to functions by the use of the parameter mechanism is a preferred method. It tends to improve the modularity of the code and it reduces the possibility of undesirable side effects. 



One form of side effect occurs when a function changes a global variable from within its body rather than through its parameter list. Such a construction is error prone. Correct practice is to effect changes to global variables through the parameter and return mechanisms, or by the use of pointers. Adhering to this practice improves modularity and readability, and because changes are localised, programs are typically easier to write and maintain.



5.13.3 Static Variables

Static declarations allow a local variable to retain its previous value when the block is reentered. This is in contrast to ordinary automatic variables which lose their values upon block exit and have to be reinitialised. Consider the following program,



#include <stdio.h>



void check(void);



int main(void)

{

	printf("First call\n");

	check();

	printf("Second call\n");

	check();

	printf("Third call\n");

	check();

	return(0);

}



void check(void)

{

	int Volatile = 0;

	static int NonVolatile = 0;

	Volatile++;

	NonVolatile++;

	printf("Volatile    = %d\n",Volatile);

	printf("NonVolatile = %d\n",NonVolatile);

}



When the function check is invoked for the first time, the variable NonVolatile is initialised to 0 and the variable Volatile is also initialised to 0. On function exit, the variable Volatile is destroyed whereas the value of variable NonVolatile is preserved in memory. Whenever the function is invoked again the value of NonVolatile is not reinitialised whereas the value of Volatile is reinitialised. NonVolatile retains its previous value from the last time the function was called. The declaration of this NonVolatile as static int inside the body of check keeps it private to check. If it were declared outside check, other functions could access it too.



An execution session of this program produces the following output,



First call

Volatile    = 1

NonVolatile = 1

Second call

Volatile    = 1

NonVolatile = 2

Third call

Volatile    = 1

NonVolatile = 3



5.13.4 Register Variables

Variables are normally stored in computer memory. It may be possible to store some variables in CPU registers where they can be accessed and manipulated more rapidly than in memory. In other respects, register variables are the same as automatic variables. A register variable may be declared as shown in the following statement



register int RegVar;



Declaring a variable as register class is more a request than a direct command. The compiler has to weigh the request against the number of registers that are available. If enough registers are not available, the variable is created as an ordinary automatic variable.



5.13.5 External Static Variables

A static variable can be declared outside any function. This creates an external static variable. The difference between an ordinary external variable and external static variable lies in the scope. The ordinary external variable can be used by functions in any source code file, while the external static variable can be used only by functions in the same file and below the variable declaration. 



5.14 Modular Programming

Modular programming allows the programmers to increase their productivity through improved planning at early stages of system development. It aims at decomposing the entire software into small modules, each of which performs a single limited function. Ideally modules can be designed, implemented and tested independently from other modules.



A modular program consists of a main module. This main module invokes other sub-modules appropriately to achieve the overall objective of the system (Figure 5-1). As a module is invoked , the control is transferred from the main module to the invoked sub-module. This sub-module performs its task and returns control to the main module upon completion of the task. If the task assigned to a sub-module is too complex, it must be broken down into other sub-sub-modules (Figure 5-2). The sub-module then acts as a main module for the sub-sub-modules and invokes them appropriately to perform the desired tasks.
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Figure 5-1 : Main Module and Sub-Module Interaction in a Modular Program
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Figure 5-2 : Decomposition of a Sub-Module



Significant advantages can be achieved by developing modular software. Several modules, for instance mathematical functions, used in a program may be of use in other programs. In such cases, these functions and modules are implemented as libraries of code. A program that requires functions from a specific library need only call the required function and the appropriate library need only be linked to the program at compile time. Thus modular programs enhance software reusability (Figure 5-3). Moreover a function required at different places within the program need only be called at those points.



Modular program development facilitates employment of a team of programmers and software engineers on a big project. In such cases, once the initial design has been prepared, different programmers will be tasked to develop different parts of the project. As an ideal software module can be designed, implemented and tested independently of other parts of the main system, modular development can enhance the efficiency of the development team significantly. Additionally modular programming allows incremental development of the system. For instance, a skeleton program (or the initial mock-up) of the system can be developed quite quickly to demonstrate how the completed system would operate. This is usually accomplished by writing trace messages within the modules. Once the designers are satisfied with the functionality of the system at that level of design, trace messages within these modules are replaced with actual code.
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Figure 5-3 : Software Reusability
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