Flow of Control



Statements in a program are normally executed one after the other. This is known as the sequential flow of control. Often it is desirable to alter the sequential flow of control to provide for a choice of action or a repetition of action. Programmers need to use suitable programming constructs provided by the language to alter program’s flow of control. These constructs use relational, equality and logical operators in expressions to determine how the flow of control should be altered.



4.1 Relational Operators and Expressions

Table 4-1 shows the relational operators provided by the C language.



Operator�Operation��<�less than��>�greater than��<=�less than or equal to��>=�greater than or equal to��

Table 4-1 : Relational Operators



All relational operators are binary. They each take two expressions as operands and return an integer value representing true or false depending upon the value of the expression. For example, consider the expression a<b. If the value of a is less than the value of b, then the expression returns an integer value representing true. Alternatively, it returns a value representing false. The precedence of relational operators is lower than the arithmetic operators (i.e., +, -, *, /, %) and they have the left to right associativity. Consider the examples shown in table 4-2.



�

Declarations and Initialisations��char            c = ‘w’;��int             i = 1, j = 2, k = -7;��double          x = 7e+33, y = 0.001;��Expression�Equivalent Expression�Substituting Values�Result��‘a’ + 1 < c�(‘a’ + 1) < c�‘b’ < ‘w’�true��-i-5*j>=k+1�((-i)-(5*j))>=(k+1)�-11 >= -6�false��3 < j < 5�(3 < j) < 5�0 < 5�true��-3.3333 <= x + y�(-3.3333) <= (x + y)�-3.3333 <= 7e33�true��x < x + y�x < (x + y)�7e33 < 7e33�false��

Table 4-2 : Use of Relational Operators



4.2 Equality Operators and Expressions

The equality operators == and != are binary operators acting on expressions. They yield either the int value 0 or the int value 1. Intuitively, an equality expression such as 

a == b is either true or false. An equivalent expression is a - b == 0 which is implemented at the machine level. If a equals b, then a - b has the value 0 and 0 == 0 is true. In this case the expression a == b will yield the int value corresponding to true. If a is not equal to b then, a == b will yield an int value corresponding to false. Equality operators have precedence lower than the relational operators and they associate from left to right.



The following table shows some examples of equality operators.



Declarations and Initialisations��int             i = 1, j = 2, k = 3;��Expression�Equivalent Expression�Result��i == j�j == i�false��i != j�j != i�true��i + j + k == -2 * -k�((i + j) + k) == ((-2) * (-k))�true��

Table 4-3 : Use of Equality Operator



Observe that the expression a != b is equivalent to the expression !(a == b). Also note that the two expressions, a == b and a = b are visually similar. They are close in form but are radically different in function. The expression a == b is a test for equality whereas a = b is an assignment expression.



4.3 Concept of Truth in C

Consider the following program,



#include <stdio.h>



int main(void)

{

	int TruthValue;

	TruthValue  = (10 < 5);

	printf("10 < 5 is false :: TruthValue = %d\n",TruthValue);

	TruthValue = (5 > 2);

	printf("5 > 2 is true :: TruthValue = %d\n",TruthValue);

	return(0);

}



In this example, the value of a relational expression is assigned to a variable TruthValue of type int. The value of TruthValue is then displayed to the user. An execution session of this program displays the following lines on the screen,



10 < 5 is false :: TruthValue = 0

5 > 2 is true :: TruthValue = 1



According to the results displayed by this program, truth for C is an integer value 1 and falsity is an integer value 0. In fact, all non-zero values are treated as true and only 0 is recognised as false.



4.4 Logical Operators and Expressions

Logical operators used in C are listed in table 4-4. The logical operator ! is unary and the logical operators && and || are binary. All of these operators when applied to expressions yield either the int value 0 or the int value 1. 



Logical negation can be applied to an arithmetic expression. If an expression has a zero value, then its negation will yield the int value 1. If the expression has a nonzero value, then its negation will yield the int value 0.



Operator�Symbol��(unary) negation�!��logical AND�&&��logical OR�||��

Table 4-4 : Logical Operator



The syntax for the negation operator is given below.



! expression



Table 4-5 is the truth table for the negation operator.



Value of expression�Value of !expression��zero�1��nonzero�0��

Table 4-5 : Truth Table for the Negation Operator



Consider the following program,



#include <stdio.h>



int main(void)

{

	int Num = 10;

	printf("Value of Num = %d\n\n",Num );

	printf("Value of Num-2 = %d :: Value of !(Num-2) = %d\n",

              Num-2,!(Num-2));

	printf("Value of Num-10 = %d :: Value of !(Num-10) = %d\n",Num-10,

	        !(Num-10));

	printf("Value of Num > 5 = %d :: Value of !(Num>5) = %d\n",

		(Num > 5), !(Num>5));

	return(0);

}



An execution session of this program prints the following on the display,



Value of Num = 10



Value of Num-2 = 8 :: Value of !(Num-2) = 0

Value of Num-10 = 0 :: Value of !(Num-10) = 1

Value of Num > 5 = 1 :: Value of !(Num>5) = 0



Although logical negation is a very simple operator, there is one subtlety. The operator ! in C is unlike the not operator in ordinary logic. If s is a logical statement, then 



not(not (s)) = s



whereas in C, the value of !!5, for example, is 1. This is because !!5 is equivalent to !(!5). Furthermore, !(!5) is equivalent to !(0) which has a value 1. 



The binary logical operators && and || also act on expressions and yield either the int value 0 or the int value 1. && is the logical AND operator and || is the logical OR operator. exp1 && exp2 is true only if both exp1 and exp2 are true. exp1 || exp2 is true if either or both of exp1 and exp2 are true. The truth table for these operators is shown below,



Exp 1�Exp 2�Exp 1 && Exp 2�Exp 1 || Exp 2��0�0�0�0��0�1�0�1��1�0�0�1��1�1�1�1��

Table 4-6 : Truth Table for Logical AND and Logical OR Operators



The following program automatically generates the truth table shown above.



#include <stdio.h>



int main(void)

{

	int exp1,exp2;

	int exp1_AND_exp2;

	int exp1_OR_exp2;

	printf("exp1   exp2   exp1&&exp2   exp1||exp2\n");

	exp1 = 0;

	exp2 = 0;

	exp1_AND_exp2 = exp1 && exp2;

	exp1_OR_exp2 = exp1 || exp2;

	printf("%2d %6d %9d %11d\n",exp1,exp2,exp1_AND_exp2,exp1_OR_exp2);

	exp1 = 0;

	exp2 = 1;

	exp1_AND_exp2 = exp1 && exp2;

	exp1_OR_exp2 = exp1 || exp2;

	printf("%2d %6d %9d %11d\n",exp1,exp2,exp1_AND_exp2,exp1_OR_exp2);

	exp1 = 1;

	exp2 = 0;

	exp1_AND_exp2 = exp1 && exp2;

	exp1_OR_exp2 = exp1 || exp2;

	printf("%2d %6d %9d %11d\n",exp1,exp2,exp1_AND_exp2,exp1_OR_exp2);

	exp1 = 1;

	exp2 = 1;

	exp1_AND_exp2 = exp1 && exp2;

	exp1_OR_exp2 = exp1 || exp2;

	printf("%2d %6d %9d %11d\n",exp1,exp2,exp1_AND_exp2,exp1_OR_exp2);

	return(0);

} 



Different values are assigned to the variables exp1 and exp2 in the program. Logical AND and OR operators are applied to these variables and the results of the AND and OR operations are assigned to variables exp1_AND_exp2 and exp1_OR_exp2 respectively. Results are then printed on the display. The output of this program is given below,



exp1   exp2   exp1&&exp2   exp1||exp2

 0      0         0           0

 0      1         0           1

 1      0         0           1

 1      1         1           1



It is important to note that in the evaluation of expressions that are the operands of && and ||, the evaluation process stops as soon as the outcome, true or false is known. This is called short circuit evaluation. It is an important property of these operators. Suppose that exp1 and exp2 are expressions and that exp1 has a zero value. In the evaluation of the logical expression exp1 && exp2 the evaluation of exp2 will not occur because the value of the logical expression as a whole is already determined to be 0. Similarly, if exp1 has a nonzero value, then in the evaluation of exp1||exp2, the evaluation of exp2 will not occur because the value of the logical expression as a whole is already determined to be 1. 





4.5 The Compound Statement

A compound statement is a series of declarations and statements surrounded by braces. The chief use of the compound statement is to group statements into an executable unit. When declarations are given at the beginning of a compound statement, that compound statement is also called a block. In C, wherever it is syntactically correct to place a statement, it is also syntactically correct to place a compound statement. A compound statement is itself a statement. Consider the following program,



#include <stdio.h>



int main(void)

{

	int ANumber, BNumber;

	{

		ANumber = 10;

		{

			printf("Enter BNumber :: ");

			scanf("%d",&BNumber);

			ANumber += BNumber;

		}

		printf("ANumber = %d ::: BNumber = %d\n",ANumber, BNumber);

	}

	return(0);

}



An execution cycle of this program is as follows,



Enter BNumber :: 12

ANumber = 22 ::: BNumber = 12



Note that in this example, there is a compound statement within a compound statement.



4.6 The Empty Statement

The empty statement is written as a single semicolon. It is useful where a statement is needed syntactically, but no action is required semantically. Consider the following program,



#include <stdio.h>



int main(void)

{

	printf("This statement is printed before 3 empty statements\n");

	;

	;

	;

	printf("This statement is printed after 3 empty statements\n");

	return(0);

}



The three semicolons following the statement 

printf("This statement is printed before 3 empty statements\n");

are the three empty statements. The output of this program is as follows,



This statement is printed before 3 empty statements

This statement is printed after 3 empty statements



4.7 The if and the if-else Statements

The general form of an if statement is 



	if (expr)

		statement;



If expr is nonzero (true) then statement; is executed, otherwise statement; is skipped and control passes to next statement. Consider the following example,



#include <stdio.h>



int main(void)

{

	float Pay;

	float Tax = 0.0;

	float Net;

	printf ("Enter your pay ");

	scanf("%f",&Pay);

	if (Pay > 10000.0)

		Tax = Pay * 0.1;

	Net = Pay - Tax;

	printf("Pay = %.2f\n",Pay);

	printf("Tax = %.2f\n",Tax);

	printf("Net = %.2f\n",Net);

	return(0);

}



This program accepts a floating point input from the user and assigns it to the variable Pay of type float.  If the value of Pay is greater than 10000.0, tax is calculated as 10 percent of that value. The result is assigned to variable Tax of type float. This variable is initialised at declaration to 0.0. If the value of Pay is less than or equal to 10000.0, the statement Tax = Pay * 0.1; is not executed and the control is transferred to the statement Net = Pay - Tax;. An execution cycle of this program is shown below,



Enter your pay 5000.0

Pay = 5000.0

Tax = 0.00

Net = 5000.0



Consider another execution cycle where the user enters a value greater than 10000.0



Enter your pay 12000.0

Pay = 12000.0

Tax = 1200.00

Net = 10800.0



It is possible to execute a number of statements under the control of a single if expression. All such statements should be grouped into a single compound statement.



The if-else statement is closely related to the if statement. It has the general form,



	if (expression)

		statement1;

	else

		statement2;



If expression is nonzero, then statement1 is executed and statement2 is skipped. If expression is zero, then statement1 is skipped and statement2 is executed. In both cases control then passes to the next statement. The following program allows the user to enter a character. If the character entered is a lowercase alphabet, the program prints the message 



A lowercase alphabet was entered



If the character entered is not a lowercase alphabet then the program prints the message 



The character entered is not a lowercase alphabet 



Before the program terminates, the character entered by the user is printed on the screen.



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf ("Enter a character ");

	ch = getche();

	printf("\n");

	if ((ch >=97) && (ch<=122))

	{

		printf("A lowercase alphabet was entered\n");

	}

	else

	{

		printf("The character entered is not a lowercase alphabet\n");

	}

	printf("You entered '%c'\n",ch);

	return(0);

}



Because if and if-else statements are themselves statements, these can be used as the statement parts of other if and if-else statements. For example, 



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf("Enter a character ");

	ch = getche();

	printf("\n");

	if (((ch >= 'a') && (ch <= 'z')) || ((ch >= 'A') && (ch <= 'Z')))

	{

		printf("An alphabet is entered\n");

		if ((ch >= 'a') && (ch <= 'z'))

		{

			printf("It is a lowercase alphabet\n");

		}

		else

		{

			printf("It is an uppercase alphabet\n");

		}

	}

	else

	{

		if ((ch >= '0') && (ch <= '9'))

		{

			printf("The character entered is a numeric digit\n");

		}

		else

		{

			printf("The character entered is neither an alphabet ");

			printf("nor a numeric digit\n");

		}

	}

	printf("You entered %c\n",ch);

	return(0);

}



A few execution sessions of this program are given below,



Enter a character %

The character entered is neither an alphabet nor a numeric digit

You entered %



Enter a character e

An alphabet is entered 

It is a lowercase alphabet

You entered e



Enter a character T

An alphabet is entered 

It is an uppercase alphabet

You entered T



Enter a character 5

The character entered is a numeric digit 

You entered 5



It is generally considered to be a safe practice to use compound statements with the conditional statements even if one statement has to be executed. This is because the braces of compound statements clearly mark the boundaries of the statements that need to be executed once a specific condition is fulfilled.



4.8 Multiple Choices with switch and break

The if-else construction makes it easy to write programs that choose between two alternatives. Sometimes, however, a program needs to choose one of several alternatives. This can be achieved by using several if-else constructs, but in many cases it is more convenient to use the switch statement provided by C.



switch is a multiway conditional statement generalising the if-else statement. The syntax of this statement is shown below.



switch (integral expression)

{

	case value1:

		statement1;

		break; /* Optional */

	case value2:

		statement2;

		break; /* Optional */

	case value3:

		statement3;

		break; /* Optional */

	case value4:

		statement4;

		break; /* Optional */

	default:	 /* This entire section is optional */

		statement5;

}



The expression in parenthesis following the keyword switch is the controlling variable as the value of this expression determines the statements that must be executed and the statements that must be skipped. This expression is evaluated and the flow of control is transferred to the line with the case label having a constant value that matches the value of the expression. If a match is not found, the flow of control is transferred to the line with the default label. If there is no line with the default label, the switch statement is terminated and the flow of control is transferred to the statement immediately after the switch statement. 



The switch statement is also terminated when a break statement is encountered. If there is no break statement, all the statements in the switch construct from the matched label to the end of the switch would be processed. 



The case labels in a switch statement must be integer type (including characters) constants or constant expressions (expressions containing only constants). A variable cannot be used for a label. Similarly, the expression in the parenthesis should be one with an integer value.



Consider the following example. It prints a happy birthday message once the user presses b on the keyboard, a Christmas greeting if the user presses c on the keyboard and a hello message once the user presses h on the keyboard. 



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf("Enter a character : ");

	ch = getche();

	printf("\n");

	switch(ch)

	{

		case 'b':

			printf("Happy Birthday\n");

			break;

		case 'c':

			printf("Merry Christmas\n");

			break;

		case 'h':

			printf("Hello how do you do\n");

			break;

		default:

			printf("The character entered has not been recognised\n");

	}

	printf("End of program\n");

	return(0);

}



Some execution sessions of this program are shown below,



Enter a character : g

The character entered has not been recognised

End of program



Enter a character : c

Merry Christmas

End of program



Enter a character : b

Happy Birthday

End of program



Several real world applications want the same response to a number of different requests. This is accomplished with the help of the switch statement by using case labels without statements. This provides the same response for a number of labels. A modified version of the program shown above is as follows. This program prints a hello if h or H are entered, Christmas greetings if c or C are entered and happy birthday if b or B are entered.



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf("Enter a character : ");

	ch = getche();

	printf("\n");

	switch(ch)

	{

		case 'B':

		case 'b':

			printf("Happy Birthday\n");

			break;

		case 'C':

		case 'c':

			printf("Merry Christmas\n");

			break;

		case 'H':

		case 'h':

			printf("Hello how do you do\n");

			break;

		default:

			printf("The character entered has not been recognised\n");

	}

	printf("End of program\n");

	return(0);

}



If the user presses H, the program jumps to case 'H': .As there is no statement (not even break), the program proceeds until it encounters a break statement. Thus it has to execute the printf("Hello how do you do\n"); statement after the case 'h': label. Some execution cycles of this program are given below,



Enter a character : C

Merry Christmas

End of program



Enter a character : b

Happy Birthday

End of program



Enter a character : Z

The character entered has not been recognised 

End of program



Enter a character : B

Happy Birthday

End of program



Enter a character : c

Merry Christmas

End of program



Consider the following program. 



#include <stdio.h>



int main(void)

{

	int ResultValid = 1;

	float Operand1, Operand2;

	char Operator;

	float Result;

	printf("Type OPERAND1 OPERATOR OPERAND2 and then press ENTER ");

	scanf("%f %c %f",&Operand1,&Operator,&Operand2);

	switch(Operator)

	{

		case '+':

			Result = Operand1 + Operand2;

			break;

		case '-':

			Result = Operand1 - Operand2;

			break;

		case '*':

			Result = Operand1 * Operand2;

			break;

		case '/':

			if (Operand2 == 0.0)

			{

				ResultValid = 0;

				printf("DENOMINATOR IS A ZERO\n");

			}

			else

			{

				Result = Operand1/Operand2;

			}

			break;

		default:

			printf("UNRECOGNISED OPERATOR\n");

			ResultValid = 0;

	}

	if (ResultValid)

	{

		printf("%f %c %f = %f\n",Operand1,Operator,Operand2,Result);

	}

	printf("End of Program\n");

	return(0);

}



This program performs the operation of a simple arithmetic calculator. The user has to enter two operands and an operator, and depending upon the operator, the program performs appropriate arithmetic operations on the operands. If the operator is /, i.e. division, then the program checks if the operand in the denominator is zero. If the operand in the denominator is zero, an error message, DENOMINATOR IS A ZERO, is printed and a flag, ResultValid, is reset which indicates that the results should not be printed. Similarly, if the user enters an operator which is not recognised, the program prints another error message, UNRECOGNISED OPERATOR, and resets ResultValid. Some execution cycles of this program are given below,



Type OPERAND1 OPERATOR OPERAND2 and then press ENTER 7.2 / 3

7.200000 / 3.000000 = 2.400000

End of Program



Type OPERAND1 OPERATOR OPERAND2 and then press ENTER 3.5 * 5

3.500000 * 5.000000 = 17.500000

End of Program



Type OPERAND1 OPERATOR OPERAND2 and then press ENTER 3.5 / 0.0

DENOMINATOR IS A ZERO

End of Program



Type OPERAND1 OPERATOR OPERAND2 and then press ENTER 0.01 & 55.3

UNRECOGNISED OPERATOR

End of Program



switch cannot be used if the choice is based on evaluating a floating point variable or expression. Nor can switch be conveniently used if a variable must fall into a certain range. For instance, to implement if(i < 1000 && i > 2) with switch would involve setting up case labels for each integer from 3 to 999. However, in situations where switch can be employed, its use results in efficient execution of the program.



4.9 The while Loop

while loops are the basic pre-entry condition loops in C. The general form of the while loop is shown below



	while (expression)

		statement1;

	statement2;



If the expression is true (or, more generally, nonzero), statement1 is executed once, and then the expression is tested again. This cycle of test and execution is repeated until the expression becomes false (or, more generally
,
 zero). Each cycle is called an iteration. The statement (i.e., statement1) part can be a simple statement with a terminating semicolon or it can be a compound statement enclosed in braces.



The structure is very similar to that of an if statement. The chief difference is that in an if statement, the test and (possibly) the execution are done only once; but in the while loop, the test and execution may be repeated several times. 



Consider the following program,



#include <stdio.h>



int main(void)

{

	float Number;

	float Sum = 0.0;

	float Avg;

	int Count = 0;

	printf("Enter number[%d] : ",Count);

	scanf("%f",&Number);

	while(Number >= 0.0)

	{

		Sum += Number;

		Count++;

		printf("Enter number[%d] : ",Count);

		scanf("%f",&Number);

	}

	Avg = Sum/Count;

	printf ("%d numbers entered\n",Count);

	printf ("Sum = %.2f\n",Sum);

	printf ("Average = %.2f\n",Avg);

	return(0);

} 



This program allows the user to enter floating point numbers into variable Number. The while loop continues to execute as long as the user continues to enter positive numbers because the expression Number >= 0.0 is true. These floating point numbers are added to the variable Sum, which was initialised to 0.0 at declaration. The Count variable counts the number of floating point numbers entered by the user. As soon as the user enters a negative number, the expression Number >= 0.0 becomes false and the loop is not executed. The control is transferred to the statement immediately after the while loop, i.e., Avg = Sum/Count;. An execution cycle of this program is shown below.



Enter number[0] : 5.5

Enter number[1] : 4.5

Enter number[2] : 6.0

Enter number[3] : -2.0

3 numbers entered

Sum = 16.00

Average = 5.33



Please note that the first prompt to enter the data is performed by the statements before the while loop. This data entry operation initialises the value of the variable Number. The user may enter the first number as a negative number, as a result the Number >= 0.0 is false even for the first iteration of the loop. The loop is, therefore, not executed.



Consider another example,



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf("Enter '*' to exit\n\n");

	ch = getch();

	while(ch != '*')

	{

		if((ch >= 'a') && (ch <= 'z'))

		{

			ch -= 32;

		}

		putchar(ch);

		ch = getch();

	}

	printf("\nEnd of program");

	return(0);

}



This program allows the user to enter characters as long as the user does not press the character *. Once the user presses the character *, the condition ch != '*' becomes false and the while loop terminates. Within the body of the loop, the statement 

if((ch >= 'a') && (ch <= 'z')) checks if the character entered is a lowercase alphabet. All lowercase alphabets are converted to uppercase alphabets before they are printed on the display. 



Variables that appear in the test expression of the while loops are termed as loop control variables, as these determine whether the body of the loop should be executed for the next iteration or not. It is important that the value of the loop control variable changes in the body of a loop so that the test expression eventually becomes false. Otherwise the loop will never terminate. Consider the following example,



#include <stdio.h>



int main(void)

{

	int i = 0;

	printf ("Program to print Good Morning 5 times\n");

	while(i < 5)

	{

		printf("Good Morning\n");

	}

	return(0);

}



This program continuously prints the message Good Morning as the value of the loop control variable, i, is never changed within the body of the loop. The expression i < 5 is, therefore, always true. Consider another example,



#include <stdio.h>



int main(void)

{

	int i = 0;

	while (i < 5)

	{

		printf("Hello World\n");

		i--;

	}

	return(0);

}



Here, the value of the loop control variable changes within the body of the loop, but in the wrong direction. However, this version will eventually terminate when the value of i drops below the most negative number the system can handle.



As mentioned earlier, if the initial value of the loop control variable is such that the test expression is false even when the while statement is executed the first time, the body of the loop is never executed. Consider the following example,



#include <stdio.h>



int main(void)

{

	int i = 10;

	while (i < 5)

	{

		printf("Hello World\n");

	}

	printf("End of loop\n");

	return(0);

}

  

The output of an execution cycle of this program is given below,



End of loop



As the condition i < 5 is false to start with, the body of the loop is never entered. If the initial value of the loop control variable, i, is set less than 5, the body of the loop is executed.



4.10 The for Loop

for loops are used to perform a set of operations a fixed number of times. The basic structure of a for loop is shown below,



	for(initialisation expression ; test expression ; update expression)

	{

		statement1;

	}

	statement2;



The parenthesis following the keyword contains the loop expression. The loop expression is divided by semicolons into three separate expressions, i.e., the initialise expression, the test expression and the update expression. Consider the following example,



#include <stdio.h>



int main(void)

{

	int i;

	printf("Program to print the first 10 integer numbers\n\n");

	for (i=0;i<10;i++)

	{

		printf("%d\n",i);

	}

	printf("End of the program\n");

	return(0);

}



An execution session of this program produces the following output,



Program to print the first 10 integer numbers



0

1

2

3

4

5

6

7

8

9

End of the program



The variable i occupies a key role in this for loop. In conjunction with the three parts of the loop expression, i is used to control the operation of the loop. Specifically, it keeps a track of how many times the loop has been executed. Thus i is the loop control variable.



The initialise expression is used to initialise the loop control variable. The initialisation expression is always executed once only as soon as the loop is entered. The loop control variable may be initialised to any value. In the example shown above, the expression i=0 is the initialisation expression in for(i=0;i<10;i++)



The second expression is the test expression. This expression is evaluated each time the body of the loop has to be executed. If the value of this expression if true, then the body of the loop is executed. If the expression is false, the loop is terminated and the control is passed to the statement following the loop. For example, in the above mentioned program, the expression i<10 is the test expression in 
for(i=0;i<10;i++)
.
 Each time
 the body of the loop has to be executed, this expression is evaluated. If the value of this expression is true, the body of the loop, i.e.,  



	{

		printf("%d\n",i);

	}



is executed. When the value of this expression becomes false, the loop is terminated and the control is transferred to the printf("End of the program\n"); statement after the loop.



The third expression is the update expression. It updates the value of the loop control variable each time the loop is executed. In this example i++ is the update expression. The value i 
is 
incremented with each iteration. The value of the loop control variable can also be decreased, or changed by some other number or expression. 



The statement (single or compound) following the keyword for and the loop expression is the body of the loop which is executed in each iteration.



In the above mentioned program, when the for loop is executed, the initialisation expression is evaluated first. This initialises the value of i to 0. Then the test expression is evaluated and if the value of the test expression is true, the body of the loop is executed. Once the body of the loop has been executed, the update expression is evaluated and the value of i is incremented. Then the next iteration has to be performed, but the test expression has to be evaluated again before entering the body of the loop. If the value of the test expression is false, the loop is terminated and the control is passed to the statement immediately after the loop.



Consider the following program,



#include <stdio.h>



int main(void)

{

	char Alphabet;

	printf("Program to print alphabets from 'z' to 'a'\n\n");

	for (Alphabet = 'z'; Alphabet >= 'a' ; Alphabet--)

	{

		printf("%c,",Alphabet);

	}

	printf("\nI have printed all the characters\n\n");

	return(0);

}



This program uses a for loop to print lower case alphabets from z to a. It declares a variable Alphabet of type char. Then it executes the statement 

printf("Program to print alphabets from 'z' to 'a'\n\n"); which prints the message Program to print alphabets from 'z' to 'a' on the screen. Then the program executes the for loop. The initialisation expression, Alphabet = 'z’, is executed first. The test expression, Alphabet >= 'a’, is executed then. As the value of Alphabet is greater than ‘a’, the body of the loop is executed, i.e., the value of the variable Alphabet is printed. At the end of the loop, the update expression, Alphabet--, is executed. The program then prepares to execute the next iteration. The test expression is evaluated, and as the value of variable Alphabet is still greater than ‘a’, the body of the loop is executed again. This process is repeated until the value of the variable Alphabet does not become less than ‘a’. Once the value of the variable Alphabet is less than ‘a’, the loop is terminated and the statement 

printf("\nI have printed all the characters\n\n"); is executed. This prints the message I have printed all the characters on the display. An execution session of this program produces the following results,



Program to print alphabets from 'z' to 'a'



z,y,x,w,v,u,t,s,r,q,p,o,n,m,l,k,j,i,h,g,f,e,d,c,b,a,

I have printed all the characters



4.11 The Comma Operator

The comma operator extends the functionality of the for loop by allowing the programmer to include more than one initialisation or update expressions in a for loop specification. For example, consider the following program,



#include <stdio.h>



int main(void)

{

	int x;

	int y;

	for (x = 0, y = 1 ; (x+y) < 10 ; x++, y += 2)

	{

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

	}

	return(0);

}



This program produces the following output,



0 :: 1 

1 :: 3 

2 :: 5



The initialisation expression of the for loop has 
two expressions separated by
 a comma, i.e., x = 0, y = 1. Here the expression x = 0 is evaluated first and then the expression y = 1 is evaluated. So the variable x is initialised to integer value 0 and the variable y is initialised to integer value 1 in the beginning of the execution of the loop. As mentioned earlier, the initialisation expression is only evaluated once in the beginning of the loop, so these values are assigned only once before the first iteration of the loop.



Similarly the update expression of the for loop has two expressions separated by a comma, i.e., x++, y += 2. As mentioned above, the expression x++ is evaluated first and then the expression y += 2 is evaluated. Both these expressions are evaluated at the end of each iteration.



The comma operator is not restricted to 
for
 loops, but that is where it is most often used. In C, comma is also used as separator. Thus the commas in 

printf("%d :: %d \n",x,y);  are separators and not comma operators.



4.12 The do - while Loops

The while and the for loop are both pre-entry condition loops. The test condition is checked before each iteration of the loop. C also has a post entry condition loop in which the condition is checked after each iteration of the loop. This construct is known as the do-while loop and has the following syntax



	do

	{

		statement1;

	}

	while (test_expression);

	statement2;



First statement1 is executed and test_expression is evaluated. If the value of test_expression is nonzero (true), then the control passes back to the beginning of the do statement and the process repeats itself. When the value of test_expression is zero (false), then the control passes to statement2.



Consider the following example. This program allows the user to enter characters from the keyboard. If the characters entered are uppercase alphabets, these are converted to lowercase and are printed on the display. This process is repeated until the user enters period (.) .



#include <stdio.h>

#include <conio.h>



int main(void)

{

	char ch;

	printf("This program allows you to enter characters till \n");

	printf("the time you press '.'. Each uppercase character is converted \n");

	printf("to a lowercase character\n");

	do

	{

		ch = getch();

		if ((ch >= 'A') && (ch <= 'Z'))

		{

			ch += 32;

		}

		putchar(ch);

	}

	while(ch != '.');

	return(0);

}



A do-while loop is executed at least once, since the test is made after the body of the loop 
has been
 executed. Alternatively, a for loop or a while loop may be executed zero times, since the test is made before execution
 of the body of the loop
.



Consider another example.



#include <stdio.h>



int main(void)

{

	int Number;

	int Sum = 0;

	do

	{

		printf("Enter a positive integer number to add ");

		scanf("%d",&Number);

		if (Number >= 0)

		{

			Sum += Number;

		}

	}

	while(Number >= 0);

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

	return(0);

}



This program allows the user to enter integer numbers till the time the user enters a negative number. All numbers entered up to the negative number are added and the sum is displayed to the user. Following is the output of an execution cycle of this program,



Enter a positive integer number to add 13

Enter a positive integer number to add 9

Enter a positive integer number to add 8

Enter a positive integer number to add -1

Sum = 30



4.13 Choice of Loops

Pre-entry condition loops are the most widely used loops where as the post entry condition loops are about 5% of all the loop used in C programs (source : The C Programming Language, by Kernighan & Ritchie, Englewood Cliffs : Prentice-Hall, 1978). There are several reasons why computer scientists consider a pre-entry condition loop superior. One is the general principle that pre-entry condition loops result in safer programs as the body of the loop is never executed once it is not supposed to be executed. Secondly, its easier to read and understand programs if the loop test is found at the beginning of the loop. Finally, in many applications, it is important that the loop is skipped entirely if the test is not initially met. 



If it is decided that the programmer should use a pre-entry condition loop, which one from the 
for
 and 
while
 loops should be selected. Both 
for
 and 
while
 loops can be used to perform the same operation. To make a 
while
 loop look like a 
for
 loop, preface it with an initialisation statement and include suitable update statements at the end of the body of the loop.



	initialise;

	while (test_expression)

	{

		body;

		update;

	}



is the same as 



	for (initialise; test_expression; update)

	{

		body;

	}



4.14 Nested Loops

A nested loop is a loop which is inside another loop. Consider the following program. This program prints prime numbers from the first 50 integer numbers. The for loop is the outer most loop and is used to count from 3 to 50. The value of the counter (i.e. variable Number of the type int) is checked to determine if it is a prime number or not. This check is performed by dividing the value of Number by integer numbers from 2 till one less than the value of Number (i.e., to determine if the value of Number is divisible by 1 or itself). If the number is divisible by any number other than 1 or 
the value of Number, then the value of Number is not a prime number. The program raises a flag NotPrime. This terminates the while loop as a true for NotPrime results in a false value for the expression

(! NotPrime) && (i < Number). Alternatively, if NotPrime remains false, the while loop is terminated once the value of variable i becomes equal to the value of Number. If the value of Number is a prime number, i.e., the while loop has ended and the flag NotPrime was not set to true, the value of Number is displayed as a prime number.



#include <stdio.h>



int main(void)

{

	int Number;

	int i;

	int NotPrime;

	printf("Printing prime numbers from the first 50 integers\n\n");

	printf("%d ",2);

	for (Number = 3 ; Number <= 50 ; Number++)

	{

		NotPrime = 0;

		i = 2;

		while ((! NotPrime) && (i < Number))

		{

			if ((Number % i) == 0)

			{

				NotPrime = 1;

			}

			else

			{

				i++;

			}

		}

		if (! NotPrime)

		{

			printf("%d ",Number);

		}

	}

	return(0);

}



An execution session of this program is given below,



Printing prime numbers from the first 50 integers



2 3 5 7 11 13 17 19 23 29 31 37 41 43 47



4.15 break and continue Statements

The break statement causes an exit from the innermost enclosing loop or switch statement. Consider the following example. This program allows the user to enter a positive integer number. The program, with the help of an infinite while loop (a loop that never ends), decrements the number till it becomes less than zero. When the value of the integer number becomes less than zero, the program uses a break statement to terminate the loop.



#include <stdio.h>



int main(void)

{

	int i;

	printf("Enter a positive integer ");

	scanf("%d",&i);

	while(1)		/* While True : An Infinite Loop	*/

	{

		if (i < 0)

		{

			break;

		}

		else

		{

			printf("%d ",i);

			i--;

		}

	}

	return(0);

}



A typical execution session of this program is as follows,



Enter a positive integer 7

7 6 5 4 3 2 1 0



The continue statement causes the current iteration of a loop to stop and causes the next iteration of the loop to begin immediately. This statement can only be used with the three loops but not with a switch. Like break, it interrupts the flow of a program. However, instead of terminating the whole loop, 
continue
 causes the rest of an iteration to be skipped and the next iteration to be started.



Consider the following example. This program allows the user to enter an integer number and then prints all even numbers up to the number entered.



#include <stdio.h>



int main(void)

{

	int i,max;

	printf("Enter a positive number ");

	scanf("%d",&max);

	printf("All even numbers up to %d are \n",max);

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

	{

		if ((i % 2) != 0)

		{

			continue;

		}

		printf("%d ",i);

	}

	return(0);

}



Once the user has typed in the integer number at the prompt Enter a positive number

the value is assigned to the variable max of type 
int
. The for(i=0;i<=max;i++) is then executed. The if ((i % 2) != 0) statement checks if the value of  variable i is divisible by 2. If the value of the expression (i % 2) != 0 is true, then the value of i is an odd integer and should not be printed. Thus continue; statement is executed to skip the remaining part of the loop for that iteration and begin the next iteration. Alternatively, if the value of the expression (i % 2) != 0  is false, the continue; is not executed and the program proceeds with the 
remaining 
part of the loop. 



A typical execution session of this program is as follows,



Enter a positive number 12

All even numbers up to 12 are

0 2 4 6 8 10 12



The use of 
break
 and 
continue
 in loops is not a good programming practice as these statements cause alterations in the execution of loops in a manner not prescribed in the test expressions with the 
while
 and 
for
 loops. This may cause the programs to be less readable and may result in bugs in the code.
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