Fundamental Data Types





3.1 Variable Declarations


Programs work with data. Users or computer operators feed numbers, letters and words to the computers and computers use programs to manipulate these data to provide the required results. Data in a computer program may be specified as constants or may be assigned to some variables. These constants and variables are used in formulae and expressions that form the basis of data manipulation operations in the computer programs. 





In C, all variables must be declared before they can be used. Consider the following program, 





#include <stdio.h>





int main(void)


{


	int   ANumber,BNumber,CNumber;              /* declaration */


	float AReal,BReal,CReal;                    /* declaration */


	printf("Enter two integer numbers : ");


	scanf("%d %d",&ANumber,&BNumber);


	printf("Enter two real numbers : ");


	scanf("%f %f",&AReal,&BReal);


	CNumber = ANumber + BNumber;


	CReal = AReal + BReal;


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


	printf("CReal   = %f\n",CReal);


	return(0);


}





Declarations serve two purposes. First, they tell the compiler to set aside an appropriate amount of space in the memory to hold values associated with variables, and second, they enable the compiler to instruct the machine to perform specified operations correctly. In the expression ANumber + Bnumber, the operator + is being applied to two variables of type int, which at the machine level is a different operation than + applied to the variables of type float, as occurs in the expression AReal + BReal. Of course, the programmer need not be concerned that the two + operations are mechanically different, but the C compiler has to recognise the difference and give the appropriate machine instructions.





3.2 Overview of the Fundamental Data Types


C provides several fundamental types. These are listed below,  





char				signed char				unsigned char


signed short int		signed int				signed long int


unsigned short int	unsigned int			unsigned long int


float				double				long double





Table 3-1 : Fundamental Data Types - Long Form





These are all keywords. These should not be used as names of variables. Of course, char stands for character and int stands for integer, but only char and int can be used as keywords. Other data types are derived from the fundamental types. 





Usually, the keyword signed is not used. For example, signed int is equivalent to int, and because shorter names are easier to type, int is typically used. Also, the keywords short int, long int and unsigned int may be, and usually are shortened to just short, long and unsigned respectively. The keyword signed by itself is equivalent to int, but is seldom used in this context. With all these convention, the list shown above may be modified as shown below,





char					signed char			unsigned char


short					int 				long


unsigned short			unsigned			unsigned long


float					double			long double





Table 3-2 : Fundamental Data Types - Short Form





The syntax of a declaration is shown below





	type identifier;





Here type represents any one of the fundamental data types given in the preceding table. Syntax for declaring several variables of the same data type is given below,





	type identifier1,identifier2,...identifiern;





The fundamental types can be grouped according to functionality. The integral types are those types that can be used to hold integer values whereas the floating point types are those that can be used to hold real values. They are all arithmetic types.





Integral types:	char			signed char		unsigned char


			short			int 			long


			unsigned short	unsigned		unsigned long


Floating types:	float			double		long double


Arithmetic types:	Integral types + Floating types





Table 3-3 : Functional Grouping of Fundamental Data Types





3.3 Characters and the Data Type char


In C, variables of any integral type can be used to represent characters. In particular, both char and int variables are used for this purpose. This is because a computer can only store a pattern of 1s and 0s. To handle characters, the computer uses a numerical code in which certain integers represent certain characters. The most common code is the ASCII (American Standard Code for Information Interchange). The standard ASCII code runs numerically from 0 to 127. This is small enough that 7 bits can hold the largest code value. The char type typically is defined as a 1 byte (or 8 bits) unit of memory, so it is more than large enough to encompass the standard ASCII code. Many systems, such as the IBM PC and the Apple Macintosh, offer extended ASCII codes (not the same for both systems) that still stay within an 8-bit limit. The following table illustrates the correspondence between some character and integer values in the ASCII table.





Observe that there is no particular relationship between the value of the character constant representing a digit and the digit’s intrinsic integer value. That is, the value of ‘2’ is not 2. The property that the value for ‘a’, ‘b’, ‘c’, and so on occur in order is important. It makes convenient for sorting of characters, words and lines into lexicographical order. In addition to representing characters, a variable of type char can be used to hold small integer values.





Character Constants		:		‘a’	‘b’	‘c’	...	‘z’


Corresponding Values	:		97	98	99	...	122


Character Constants		:		‘A’	‘B’	‘C’	...	‘Z’


Corresponding Values	:		65	66	67	...	90


Character Constants		:		‘0’	‘1’	‘2’	...	‘9’


Corresponding Values	:		48	49	50	...	57


Character Constants		:		‘&’	‘*’	‘+’


Corresponding Values	:		38	42	43





Table 3-4 : Some Character Constants and Their Integer Codes





Variables of type char are declared in the same manner as other variables. Following are some examples,





	char Acharacter;


	char Operator, UserChoice;





This program would create three variables of the type char, Acharacter, Operator and UserChoice. Some C implementations make char a signed type; this means it can hold values in the range -128 through +127. Other implementations make char an unsigned type. This provides a range from 0 through 255. Many newer implementations allow the programmers to use the keywords signed and unsigned with char. Then regardless of what char is, signed char would be signed and unsigned char would be unsigned.





There are two ways to initialise character variables. In the first case, the numerical ASCII code can be used as shown below,





	char grade = 65;





In this example, 65 is type int, but, since the value is smaller than the maximum size of variables of type char, it can be assigned to the variable grade without any problems. ASCII code 65 represents alphabet A.





Alternatively, the programmer can assign the character value A to the variable grade with the following initialisation statement





	char grade = ‘A’;





As mentioned earlier, a single letter contained between single quotes is a C character constant. When the compiler sees ‘A’, it converts it to the proper code value. This initialisation can be divided into the following two steps,





	char grade;


	grade = ‘A’;





If the programmer omits the single quotes, the compiler thinks that the letter after the assignment operator is the name of a variable.





	char grade;


	grade = A;	/* A is taken as variable */





printf and scanf functions use %c format specifier to indicate that a character should be printed or read from the keyboard respectively. Recall that a character is stored as an integer, therefore, %c informs printf function to convert the integer value to its corresponding character. Consider the following program,





#include <stdio.h>





int main(void)


{


	char ACharacter = 76;


	char BCharacter = 't';


	printf("ACharacter %c :: %d\n",ACharacter,ACharacter);


	printf("BCharacter %c :: %d\n",BCharacter,BCharacter);


	return(0);


}





The statement char ACharacter = 76; declares a variable ACharacter of the type char and initialises it with an integer value 76. The statement char BCharacter = 't'; declares a variable BCharacter of the type char and initialises it with a character constant 't'. 





The statement printf("ACharacter %c :: %d\n",ACharacter,ACharacter); prints the value of the variable ACharacter, first as a character and then as its integer ASCII code. Similarly the statement 


printf("BCharacter %c :: %d\n",BCharacter,BCharacter); prints the value of BCharacter as a character and then as an ASCII integer value. The output of this program is as follows,





ACharacter L :: 76


BCharacter t :: 116





Consider another program shown below,





#include <stdio.h>





int main(void)


{


	char Character1;


	printf("Enter a character : ");


	scanf("%c",&Character1);


	printf("%c has an integer value %d\n",Character1,Character1);


	return(0);


}





The statement char Character1; declares a variable Character1 of the type char. The statement printf("Enter a character : "); prompts the user to enter a character by printing the following message on the display,





Enter a character :





The statement scanf("%c",&Character1); waits for the user to enter a character from the keyboard. Once the user has typed the character and pressed the ENTER key, the character entered is stored in the variable Character1. The statement 


printf("%c has an integer value %d\n",Character1,Character1); prints the value of Character1 twice, first as a character (as specified by the %c format specifier) and then as a decimal integer (as specified by the %d format specifier). 





Some non-printing and hard to print characters require an escape sequence. The horizontal tab character, for example, is written as \t in character constants and in strings. Even though it is being described by the two characters \ and t, it represents a single character. The backslash character is called the escape character and is used to escape the usual meaning of the character that follows it. The following table contains some non-printing and hard to print characters.





Name of Character�
Written in C�
Integer Value�
�
Alert�
\a�
7�
�
Backslash�
\\�
92�
�
Backspace�
\b�
8�
�
Carriage Return�
\r�
13�
�
Double quote�
\”�
34�
�
Formfeed�
\f�
12�
�
Horizontal tab�
\t�
9�
�
Newline�
\n�
10�
�
Null character�
\0�
0�
�
Single quote�
\’�
39�
�
Vertical tab�
\v�
11�
�



Table 3-5 : Non Printing and Hard to Print Characters





In addition to scanf and printf functions, the standard C library provide few other functions that can be used to input characters from the keyboard and print them on the display. Programmers can use the getchar function to read one character from the keyboard into the executing program. The putchar function gets one character from the executing program and prints it on the display. Definitions for getchar and putchar are in stdio.h file.





Consider the following example,





#include <stdio.h>


int main(void)


{


	char ch;


	printf("Enter a character and then press <ENTER>\n");


	ch = getchar();


	putchar(ch);


	return(0);


}





The output of this program is as follows,





Enter a character and then press <ENTER>


r[ENTER]


r





[ENTER]represents the user’s action of pressing the enter key. Initially the system prints the message Enter a character and then press <ENTER>. The user then presses the character key r and then presses the enter key. The program prints the character entered by the user on the display.





The getchar function takes no arguments. It simply fetches the next character from the keyboard and makes it available to the program. It can be said that the function returns a value. The statement ch = getchar(); assigns the return value to ch. Thus, if the programmer types a letter r, the getchar function reads the character and makes it into a return value. And the assignment statement then assigns the return value to ch. 





The putchar function, on the other hand, takes an argument. The programmer must place between the parenthesis whatever single character that needs to be printed. The argument can be a single character or a variable or a function whose return value is a single character. The following example demonstrates the use of putchar,





#include <stdio.h>





int main(void)


{


	char ch;


	ch = 'u';


	putchar(ch);	/* Prints the value of ch, i.e., 'u' */


	putchar('\n');	/* Prints a newline character */


	putchar('W');	/* Prints 'W' */


	putchar(10);	/* Prints a newline character, 10 is the ASCII 


				   value of '\n' */


	putchar(99);	/* Prints 'c', 99 is the ASCII value for 'c' */


	return(0);


}





The output of this program is as follows,





u


W


c





getchar provides buffered input. In buffered input, the characters a user types are collected and stored in an area of temporary storage called a buffer. Pressing the enter key then causes the block of characters to be made available to the program. Alternatively, in unbuffered input (or direct input) the character a user types is made available to the waiting program immediately without waiting for the enter key. Consider another session of the previous program using getchar,





Enter a character and then press <ENTER>


Hello World[ENTER]


H





Here, the getchar function is called after the printf function has displayed the line


Enter a character and then press <ENTER>. The user can enter more than one character before pressing the enter key. All these characters are stored in the buffer. Once the user presses enter, these characters are made available to the program. As this program only has one getchar function call, the first character is read and its value assigned to the variable ch. 





Consider a modified version of the previous program,





#include <stdio.h>





int main(void)


{


	char ch1;


	char ch2;


	char ch3;


	char ch4;


	char ch5;


	printf("Enter characters now ");


	ch1 = getchar();


	putchar(ch1);


	ch2 = getchar();


	putchar(ch2);


	ch3 = getchar();


	putchar(ch3);


	ch4 = getchar();


	putchar(ch4);


	ch5 = getchar();


	putchar(ch5);





	return(0);


}





Now consider the following execution session,





Enter characters now Hello [ENTER]


Hello





In this case the user types in the whole word Hello and then presses the enter key. The state of the buffer is shown in figure 3-1.





�


Figure 3-1 : Buffer





The first getchar function call returns the character H, the second returns the character e, the third returns the character l, and so on. As there are only five getchar function calls, the buffer is only read until (and including) the character o. Consider another program execution session,





Enter characters now H[ENTER]


H


e[ENTER]


e


l[ENTER]


l





Here, the user attempts to type in the data, one character at a time and presses the enter key after each character. The state of the buffer is shown in figure 3-2





�


Figure 3-2 : Buffer





The first getchar function call returns the character H, the second getchar call returns the newline character, the third getchar function call returns the character e, the fourth getchar function call returns the newline character and the fifth getchar function call returns the character l.





C also provides functions for direct input. One such function is the getche function. get indicates that a value needs to be entered, ch indicates that the value is of the type character and e specifies that the value should be echoed on the output device. This means that whenever a program is awaiting input as a result of the getche function invocation, and the user presses a key, that getche function displays the character on the display before returning its value to the calling program. The prototype for this function is declared in the conio.h file. This file, therefore has to be included in a program using the getche function. Consider the following program, 





#include <stdio.h>


#include <conio.h>





int main(void)


{


	char ch;


	printf("Type a character : ");


	ch = getche();


	printf("\n");


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


	return(0);


}





An execution session of this program is shown below, 





Type a character : w


You typed w





Please note that after typing w, the user does not need to press the enter key, the getche function returns the character which is assigned to variable ch. The value of this variable is printed on the display by the printf function call.





Consider another program shown below, 





#include <stdio.h>


#include <conio.h>





int main(void)


{


	char ch1;


	char ch2;


	char ch3;


	char ch4;


	char ch5;


	printf("This program uses getche() function\n");


	printf("Enter characters now ");


	ch1 = getche();


	ch2 = getche();


	ch3 = getche();


	ch4 = getche();


	ch5 = getche();


	putchar('\n');


	putchar(ch1);


	putchar(ch2);


	putchar(ch3);


	putchar(ch4);


	putchar(ch5);


	return(0);


}





An execution session of this program is shown below,





This program uses getche() function


Enter characters now Hello


Hello





In this program, as the user types characters on the keyboard, the getche function calls return the values of these character which get assigned to the corresponding variables. The user does not need to press the enter key for the function to return the value of the character. Once five characters have been typed by the user, i.e., the last getche function call has been executed, a series of putchar function calls print these character values on the display.





The getch function has the same functionality as the getche function, except that the getch function does not echo the typed character on the display. The prototype for this function is also declared in conio.h file. Consider the following program,





#include <stdio.h>


#include <conio.h>





int main(void)


{


	char ch;


	printf("Type a character : ");


	ch = getch();


	printf("\n");


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


	return(0);


}





An execution cycle of this program is given below,





Type a character : 


You typed w





Note that not only does getch provide direct input, but it also does not echo the character entered on the display.





3.4 Integer Data Type, int, long and short


The data type int is the principal working type of the C language. This type, along with the other integral types such as char, short and long, is designed for working with the integer values that are representable on the machine. 





In mathematics, the natural numbers are 0, 1, 2,..., and these numbers, along with their negatives comprise the integers. On a machine, only a finite portion of  these integers are representable for a given integral type. Typically, an int is stored in a machine word. Some computers use a machine word of 2 bytes (16 bits), others use a machine word of 4 bytes (32 bits). There are other possibilities, but many machines fall into these two categories. Examples of machines with two byte words are the personal computers. Examples of machines with four byte words are the high end personal computers, workstations made by Apollo, Hewlet-Packard, Next, Silicon Graphics, Sun etc. Because the word size varies from one machine to another, the number of distinct values that an int can hold is machine dependent. 





So for a computer with a word size of 4 bytes, a variable of type int can have 232 distinct states. Half of these states are used to represent negative integers and half are used to represent positive integers. Similarly, if the word size of a computer is 2 bytes, then a variable of type int can take on only 216 distinct states. Again, half of these states are used to represent negative integers and half are used to represent positive integers. 





The keyword int is used to declare variables of that type. A typical declaration is shown below,





int AnIntegerNumber;





To declare more than one variable, each variable can be declared separately or these can be declared in the same statement as shown below,





int IntegerNumber, IntegerNumber2, IntegerNumber3;





In the above statement, storage space for three integer variables is arranged and a name is associated with each one of them. 





Integer variables can be initialised when they are declared. This is accomplished by following the variable name with an equals sign and the value that variable should have. For example,





int Age = 32;


int Packets = 12, DataBytesPerPacket = 1500;


int InterfaceCards, PortsPerCard = 2;





In the last line, only PortsPerCard is initialised. A quick reading might lead one to think that InterfaceCards is also initialised to 2. It is, therefore, best to avoid putting initialised and non-initialised variables in the same declaration statement.





The various integer values in the last example (i.e., 32, 12, 1500 and 2) are integer constants. A number written without a decimal point or an exponent is recognised by C as an integer. C treats most integer constants as numbers of type int. Very large values may be treated differently, as will be shown later. 





Normally C assumes that the integer constants written by the programmer are decimal numbers, i.e., in the base 10 number system. However, octal (base 8) and hexadecimal (base 16) numbers are popular with many programmers. Because, 8 and 16 are powers of 2 and 10 is not, these number systems are more natural for computers. To write numbers in octal and hexadecimal notations, programmers have to use correct prefixes so that C will know which number system the programmer is using. A 0 (zero) prefix means that the number is to be treated as an octal number. For example, the decimal 16 is written as 020 in C octal. Similarly, a prefix of 0x or 0X (zero-exe) means that the programmer is writing a hexadecimal number. Therefore, 16 is written as 0x10 or 0X10 in hexadecimal. 





One important point to realise, however, is that this option of using different number systems is provided as a service for programmers’ convenience. It does not affect how the number is stored. This means that 16, 020 or 0x10 are all stored exactly the same way, i.e., in the binary code used internally by the computers. 





C offers three adjective keywords to modify the basic data type int. These are unsigned, long and short. The type short int, or more briefly, short may use less storage than int, thus saving space when only small numbers are needed. The type long int, or long may use more storage than int, thus allowing larger integers to be used. The keyword unsigned shifts the range of numbers that can be stored. For example, a 2-byte unsigned int allows a range from 0 to 65535 in value instead of from -32768 to +32767. C also recognises unsigned long int, or unsigned long, and unsigned short int or unsigned short as valid types. 





It should be noted that C only guarantees that short is no longer than int and that long is no shorter than int. The idea is to fit the types to the machine. On IBM PC AT and below, for example, an int and a short are both 16 bits, while a long is 32 bits. On a VAX computer, however, a short is 16 bits, while both int and long are 32 bits. The natural word size on a VAX is 32 bits. Since this allows integer values in excess of 2 billion, the implementors of C on the VAX did not see a necessity for anything larger. Thus long is kept of the same size as the int. But for many applications, integers of that size are not needed, so a space saving short was created. The IBM PC AT, on the other hand, has only a 16 bit word, which means that a larger long was needed. The most common practice today is to set up long as 32 bits, short as 16 bits and int to either 16 bits or 32 bits, depending upon the machine’s natural word size.





unsigned types are generally used in counting applications as negative numbers are not needed and the unsigned types allow higher positive numbers than the signed types. The long type is used if values used in the application cannot be handled by int. However, on systems for which long is bigger than int, using long may slow down calculations. long may, therefore, not be used if it is not essential. If the code is being written on a machine for which int and long are synonymous, and if the application does require 32 bit integers, long may be used instead of int so that the program may function as per specifications if ported to a 16 bit machine. short is used to save storage space, i.e., when 16 bit values are required by the application on a 32 bit machine. Saving storage space is usually important only if the program uses large arrays of integers. 





Variables of other integer types are declared in the same manner as those of the int type. The following list shows several examples,





long int ALongInteger;


long AnotherLongInteger;


short int AShortInteger;


short AnotherShortInteger;


unsigned int AnUnsignedInt;


unsigned long AnUnsignedLong;


unsigned short AnUnsignedShort;





Normally, a number like 2345 in a program is stored as an int type. However large numbers like 100000 are stored as type long on machines on which int cannot hold such a large number. Sometimes a programmer may need to store a small number as a long integer. To cause a constant value to be stored as type long, the programmer can add an L as a suffix. Thus on a system with a 16-bit int and a 32-bit long, the integer 7 is stored in 2 bytes, and the integer 7L in 4 bytes. The suffix L can also be used with octal and hexadecimal numbers.





During runtime, an integer variable may be assigned an incorrect value, i.e., a value greater than it can hold. For instance, assigning a value 76000 to a variable of type int. Integer overflow is said to occur here. Consider the following program,





#include<stdio.h>


int main(void)


{


	int i = 32760;


	printf("%d :: %d :: %d\n",i,i+10,i+20);


	return(0);


}





The output of this program is given below,





32760 :: -32766 :: -32756





The integer i is acting like a car’s odometer. When it reaches its maximum value, it starts over at the beginning. The main difference is that an odometer begins at 0, while integer variables of the type int begin at -32768. It is important to note that when an integer overflow occurs, the program continues to execute, but provides logically incorrect results. For this reason, the programmer must strive at all times to keep the values of integer expressions within the proper range.





Various format specifiers used with integral types to display data as decimal numbers are given in the following table,





Format Specifier�
Type�
�
%d�
int�
�
%ld�
long�
�
%u�
unsigned int�
�
%lu�
unsigned long�
�



Table 3-6 : Format Specifier for Integral Types





Additionally, a digit can be used between the % and the first letter (e.g., d) to specify the minimum field width, e.g., %4d. A wider field will be used if the printed number or string does not fit in the field. A minus (-) specifies that the item will be printed beginning at the left of its field width. Normally, the item is printed so that it ends at the right of its field, e.g., %-10d. Consider the following example, 





#include <stdio.h>


int main(void)


{


	int i;


	i = 45;


	printf("%4d:\n",i);


	printf("%-4d:\n",i);


	i = 12345;


	printf("%4d:\n",i);


	printf("%-4d:\n",i);


	return(0);


}





The output of this program is given below,





  45:


45  :


12345:


12345:





The first line shows that the 2-digit value is  printed in a 4-digit field aligned to the right. The second line shows that the 2-digit value is printed in a 4-digit field aligned to the left. The last two lines show that a 5-digit value is being printed in a 4-digit field. It can be seen that the system automatically selects a field width suitable for the value as the 4 digits originally specified are insufficient for displaying a 5-digit value.





3.5 Floating Point Numbers, float and double


The various integer types serve well for most software development projects. However, mathematically oriented programs often make use of floating point numbers. In C, such numbers are stored in variables of type float. This type allows the representation of a much greater range of numbers, including decimal fractions. Floating point numbers are analogous to scientific notation, a system used by scientists to express very large and small numbers. 





In scientific notation, numbers are represented as decimal numbers times powers of ten. Some examples are given in the table 3-7. The first column shows the usual notation, the second column scientific notation and the third column exponential notation. Exponential notation is the way scientific notation is usually written for and by computers, with the e followed by the power of ten.








Number�
Scientific Notation�
Exponential Notation�
�
1,000,000,000�
= 1.0 ( 109�
= 1.0e9�
�
123,000�
= 1.23 ( 105�
= 1.23e5�
�
322.56�
= 3.2256 ( 102�
= 3.2256e2�
�
0.000056�
= 5.6 ( 10-5�
= 5.6e-5�
�



Table 3-7 : Scientific and Exponential Notations





The possible values that a floating type can be assigned are described in terms of attributes called precision and range. Precision describes the number of significant decimal places that a floating value carries. Range describes the limits of the largest and smallest positive floating values that can be represented in a variable of that type.





Usually 32 bits are used to store a floating point number. Eight bits are used to give the exponent its value and sign, and 24 bits are used to represent the non-exponent part. This produces a precision of six decimal places and a range of ((10-38 to 10+38).





Many systems also support the type double for double precision  floating point numbers. Typically, a C compiler will provide more storage for a variable of type double than for one of type float, although it is not required to do so. On most machines, a variable of type double is stored in twice as many bits as a variable of type float, i.e., 64 bits. Thus a variable of type double, on most machines, has an approximate precision of 15 significant figures and an approximate range of ((10-308 to 10+308).





To declare variables of types float and double, name of the variable should follow the keyword float or double respectively. To declare several variables in one declaration statement, the list of variable names should follow the keyword float or double. Variable names in the list should be separated by commas. Some examples are shown below,





float AFloatingPointNumber;


double MassOfEarth, MassOfMoon, Distance;





Variables of type float and double can be initialised as shown below,


float PlancksConstant = 6.63e-34;





The basic form of a floating point constant is a signed series of digits including the decimal point, then an e or E, then a signed exponent indicating the power of 10 used. However, decimal notation can also be used to represent floating point constants. Some examples of valid floating point constants are given below,





-.157e+12	2.55E-4	3.141		.2	100	4e16	





It should be noted that these is no space within the floating point constant number. Floating point constants are taken to be double precision floating point numbers. Consider the following program segment,





float some;


some = 4.0 * 2.0;





Here, the variable some is of the type float. However, 2.0 and 4.0 are stored as type double, using (typically) 64 bits for each. The product (8.0) is calculated using double precision arithmetic, and only then is the answer trimmed down to regular size for the type float. This ensures maximum precision for calculations.





Format specifiers %f and %e are used to print floating point numbers. %f is used to print the floating point numbers in the decimal notation whereas %e is used to print the floating point numbers in the exponential notation. Additionally, field width specifiers are also used with the format specifiers to print the floating point numbers. Field width specifiers for the floating point numbers are written as real numbers between the characters % and f. The number following the decimal point in the field width specifier controls how many characters will be printed following the decimal point. The digits preceding the decimal point in the field width specifier controls the width of the space to be used to contain the number when it is printed. Moreover, a minus sign preceding the field width specifier will put the output on the left side of the field instead of the right. Consider the following program, 





#include <stdio.h>





int main(void)


{


	float ANumber;


	ANumber = 314.5615;


	printf("Printing the number in decimal notation           :: %f\n",


		  ANumber);


	printf("Printing the number in exponential notation       :: %e\n",


		  ANumber);


	printf("Printing the number in decimal notation (9.2)     :: %9.2f\n",


		  ANumber);


	printf("Printing the number in exponential notation (9.2) :: %9.2e\n",


		  ANumber);


	printf("Printing the number in decimal notation    (-9.2) :: %-9.2f\n",


		  ANumber);


	printf("Printing the number in exponential notation (-9.2):: %-9.2e\n",


		  ANumber);


	printf("Printing the number in decimal notation (9.3)     :: %9.3f\n",


		  ANumber);


	printf("Printing the number in exponential notation (9.3) :: %9.3e\n",


		  ANumber);


	return(0);


}





The output of this program is as follows,





Printing the number in decimal notation           :: 314.561493


Printing the number in exponential notation       :: 3.145615e+02


Printing the number in decimal notation (9.2)     ::    314.56


Printing the number in exponential notation (9.2) ::  3.15e+02


Printing the number in decimal notation    (-9.2) :: 314.56   


Printing the number in exponential notation (-9.2):: 3.15e+02 


Printing the number in decimal notation (9.3)     ::   314.561


Printing the number in exponential notation (9.3) :: 3.146e+02





Thus the digit 9 in %9.2f or %9.2e specifies the total number of characters of the number to be printed. The .2 specifies the number of digits after the decimal place that should be printed. 





The main points that one must be aware of while using floating point numbers are 


not all real numbers are representable,


floating point arithmetic operations, unlike the integer arithmetic operations, need not be exact.





The latter is usually of not much concern for small computations. For very large computations, such as numerically solving a large system of ordinary differential equations, a good understanding of rounding effects, scaling, etc., may be necessary.





3.6 The #define Preprocessor Directive


The #define preprocessor directive, like all preprocessor directives, begins with a # symbol in the far left column. Note that the ANSI Standard permits the # symbol to be proceeded by a space or a tab. It can appear anywhere in the source code, and the definitions hold from its place of appearance to the end of the file. It is mainly used for defining symbolic constants. Here it is used to assign names (DAYS_IN_YEAR or PI, for instance) to constant values (such as 365 or 3.14159). 





Consider the following program, it calculates the area and circumference of a circle.





#include <stdio.h>


#define PI 3.14159





int main(void)


{


	float Radius;


	float Area;


	float Circumference;


	printf("Enter the radius of the circle ");


	scanf("%f", &Radius);


	Circumference = 2 * PI * Radius;


	Area = PI * Radius * Radius;


	printf("Circumference = %7.2f\n",Circumference);


	printf("Area          = %7.2f\n",Area);


	return(0);


}





A typical execution session of this program produces the following output on the display,





Enter the radius of the circle 56


Circumference =  351.86


Area          = 9852.03





In this program, the preprocessor first looks for all program lines beginning with the hash sign (#). When it sees the #define directive, it goes through the entire program, and at every place it finds PI it substitutes the phrase 3.14159. This is a mechanical process, i.e., simply substituting one group of characters 3.14159 for another one PI. The structure of a #define directive is shown below.


�





The phrase on the left (PI), which will be searched for, is called the identifier. The phrase on the right (3.14159), which will be substituted for is called the text. A space separates the identifier from the text. By convention, the identifier (in this case, PI) is written in uppercase letters. This makes it easy when looking at the listing to tell which parts of the program will be altered by the #define directive.





Using the #define directive has two main advantages over simply writing the constant values at the required locations within the source code. Firstly, it improves the readability of the code. If a constant is given a suitable symbolic identifier within a program, its easier for the readers to read and understand the meaning and the use of the symbolic identifiers at various locations within the program. Secondly, if a constant has to be used at several places within a program, and at some later stage the value of the constant needs to be modified, the programmer will have to go through the entire source code and manually modify each occurrence of the constant. However, if the constant has been defined as a symbolic identifier in a #define directive, the programmer is only required to make one change, i.e., in the #define directive itself. The change will be made automatically to all occurrences of the constant before compilation begins.





It is also possible for the programmers to declare variables of appropriate types, provide them suitable names and permit one change to effect many occurrences of the constant. However, #define directives allow the programmers to produce more efficient and compact code for constants than it can for variables. Moreover, it is possible that the value of a variable being used as a constant gets changed inadvertently during program execution. This may cause the program to give incorrect results.





3.7 The Use of typedef 


The typedef declaration causes the compiler to recognise a different name for a variable type. Thus, typedef feature lets the programmers create their own names for a type. In that respect, it is a lot like #define but with the following three differences,


Unlike #define, typedef is limited to giving symbolic names to data types only.


The typedef function is performed by the compiler, not the preprocessor.


Within its limits, typedef is more flexible than #define.





Consider the following program,





#include <stdio.h>





typedef unsigned char BYTE;





int main(void)


{


	BYTE x;


	x = 250;


	printf("%d, ",x);


	x += 5;


	printf("%d, ",x);


	x += 5;


	printf("%d, ",x);


	x += 5;


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


	return(0);


}





It is assumed here that variable x will be used in a context in which declaring them to be of type BYTE is more meaningful than declaring them to be of the type unsigned char. For instance, it might be used to represent values in a microprocessor’s registers. Uppercase letters are often used to make it clear that a renamed data type is being used.  





An execution cycle of this program gives the following output on the display,





250, 255, 4, 9





The scope of this definition depends on the location of the typedef statement. If the definition is inside a function, the scope is local to that function. If the definition is outside a function, then the scope is global.





In addition to choosing suitable names for data types, typedef can also be used to abbreviate the names for data types. Thus, when used properly, typedef can help to clarify the source code.





3.8 The sizeof Operator


C provides the unary operator sizeof to find the number of bytes needed to store an object. It has the same precedence and associativity as all the other unary operators. An expression of the form sizeof(object) returns an integer that represents the number of bytes needed to store the object in memory. An object can be a type such as int or float, or it can be an expression such as a + b, or it can be an array or structure type.





The following program uses the sizeof operator to print the information about the storage requirements for the fundamental data types on a given machine. 





#include <stdio.h>





int main(void)


{


	printf("Size of char                      :: %d\n",sizeof(char));


	printf("Size of int                       :: %d\n",sizeof(int));


	printf("Size of short                     :: %d\n",sizeof(short));


	printf("Size of long                      :: %d\n",sizeof(long));


	printf("Size of float                     :: %d\n",sizeof(float));


	printf("Size of double                    :: %d\n",


		  sizeof(double));





	return(0);


}





Output of an execution cycle of this program is as follows,





Size of char                      :: 1


Size of int                       :: 2


Size of short                     :: 2


Size of long                      :: 4


Size of float                     :: 4


Size of double                    :: 8





3.9 Mathematical Functions


There are no built in mathematical functions in C. Functions such as 





sqrt()	pow()		exp()		log()		sin()		cos()	





are available in the mathematics library, which is conceptually part of the standard library. All of these functions, except the power function pow(), take a single argument of type double and return a value of the type double. The power function takes two arguments of type double and returns a value of type double. math.h file contains the prototypes for the functions in the mathematics library. It therefore needs to be included before function main with the help of the #include preprocessor directive.





Consider the following program. It accepts a floating point number. First it prints out the square root of the number. Then it asks the user to enter another number and raises the former to the power of the latter. 





#include <stdio.h>


#include <math.h>





int main(void)


{


	float InNumber,Power;


	float SquareRoot, RaisedNumber;


	printf("Enter number :: ");


	scanf("%f",&InNumber);


	SquareRoot = sqrt(InNumber);


	printf("Square Root of %7.2f = %7.2f\n",InNumber,SquareRoot);


	printf("Enter power :: ");


	scanf("%f",&Power);


	RaisedNumber = pow(InNumber,Power);


	printf("%7.2f raised to %7.2f = %7.2f\n",InNumber,Power,


		  RaisedNumber);


	return(0);


}





Following lines show an execution session of this program,





Enter number :: 9.00


Square Root of    9.00 =    3.00


Enter power :: 2.00


   9.00 raised to    2.00 =    81.00





In many languages, the function abs() returns the absolute value of its real argument. In this respect C is different. In C, the function abs() takes an argument of type int and returns its absolute value as an int. Its function prototype is in stdlib.h. For real numbers (i.e., of the types float and double), the C programmers should use fabs(), which takes an argument of type double and returns its absolute value as double. Its function prototype is in math.h.The name fabs stands for floating absolute value.





3.10 Type Conversions and Type Casting


Statements and expressions should normally use variables and constants of just one type. If, however, data of different types needs to be mixed in expressions and statements, C uses a set of rules to make type conversion automatically. This can be a convenience, but it can also be a danger, especially if types are mixed inadvertently.





Type conversion rules used in C are given below,





In any operation involving two types, both values are converted to the higher ranking of the two types. This process is called promotion.


The ranking of types, from highest to lowest, is double, float, long, int , short and char.


In an assignment statement, the final result of the calculations is converted to the type of the variable that is being assigned a value. This process can result in  promotion, as described in rule 1, or demotion, in which a value is converted to a lower ranking type.





Promotion is usually a smooth and an uneventful process, but demotion may lead to problems. This is because the lower-ranking type may not be big enough to hold the complete number. For example, a variable of type char can hold an integer value 101, but not the integer value 22334.





This process of conversion takes place automatically and is, therefore, also known as automatic conversion, implicit conversion, coercion, promotion and demotion.





In addition to implicit conversions, which can occur across assignments and in mixed expressions, there are explicit conversions call casts. Casting consists of preceding the quantity with the name of the desired type in parenthesis. The parenthesis and the type name together constitute a cast operator. The cast operator is represented as (type) where the actual type desired is substituted for the word type.





Consider the following program, 





#include <stdio.h>





int main(void)


{


	int AnInteger;


	int AnotherInteger;


	AnInteger = 1.6 + 1.7;


	AnotherInteger = (int) 1.6 + (int) 1.7;


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


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


	return(0);


}





In the statement, AnInteger = 1.6 + 1.7; automatic conversion takes place. First 1.6 and 1.7 are added to yield 3.3. This number is then converted through truncation to the integer 3 in order to match the variable AnInteger of type int. In the statement AnotherInteger = (int) 1.6 + (int) 1.7; 1.6 and 1.7 are converted to integer values 1 before addition so that the variable AnotherInteger of type int is assigned the value 2.





The output from an execution session of this program is given below,





AnInteger = 3


AnotherInteger = 2
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