Introduction to C




2.1 
Advantages of Programming in C

C is a small language with fewer keywords (or reserved words) than most other programming languages, yet is arguably a more powerful language. C gets its power by carefully including the right control structures and data types and allowing their uses to be nearly unrestricted where meaningfully used. This language can be readily learned as a consequence of its functional minimality.



C is the native language of UNIX which is a major interactive operating system on workstations, servers and mainframes. Also C is the standard development language for PCs. Much of MS-DOS and OS2 is written in C. Many windowing packages, database programs, graphics libraries and other large applications are written in C. 



C is portable. Code written on one machine can be moved to another machine. C provides the programmers with a standard library of functions that work the same on all machines. Also C has a built in preprocessor that helps the programmers isolate any system-dependent code.



C is terse. It has a powerful set of operators and some of these operators allow the programmers to access hardware at bit level. For many programmers, this is both elegant and efficient. Software productivity studies show that programmers produce, on average, only a small amount of working code each day. A language that is terse explicitly magnifies the underlying productivity of the programmer. 



C is modular. C allows developing programs as sets of interacting modules or functions. This not only increases the reusability of the code but also reduces the overall complexity significantly. 



C is the basis for C++. Many of the constructs and methodologies that are routinely used by C programmers are also used by C++ programmers. Thus learning C can be considered a first step in learning C++.



C is efficient on most machines. Because certain constructs in the language are machine dependent, C can be implemented in a manner that is natural with respect to a specific machine’s architecture. This makes compiled C code extremely efficient. Of course the programmers must be aware of any code that is machine dependent.



2.2 ANSI C

The acronym ANSI stands for American National Standards Institute. ANSI Committee X3J11 is responsible for setting standards for the C programming language. In the late 1980’s the committee created draft standards for ANSI C or standard C. By 1990, the committee had finished its work and the ISO (International Standards Organisation) approved the standard for ANSI C as well. Thus ANSI C or ANSI/ISO C is an internationally recognised standard. 



The standard specifies the form of programs written in C and establishes how these programs are to be interpreted. The purpose of the standard is to provide portability, reliability, maintainability and efficient execution of C language programs on a variety of computers. Almost all C compilers now follow the ANSI C standard.



2.3 A Simple Program in C

Consider the following program.



#include <stdio.h>



int main(void)

{

	printf("Welcome to C Programming Language\n");

	return(0);

}



The only function of this program is to print the message 



Welcome to C Programming Language



on the display. Following is a line by line analysis of the program.



#include <stdio.h>

A pre-processor is built into the C compiler. When the command is given to compile a program, the code is first pre-processed and then compiled. Lines that begin with a # communicate with the pre-processor. The #include line causes the pre-processor to include a copy of the header file stdio.h at this point in the code. This header file is provided by the C system. This file is included here as it contains information about the printf() function.



int main(void)

This is the first line of the function definition for main().int and void are keywords. They have special meaning to the compiler. Each program has a function main(). Program execution always starts with this function. The words inside the parenthesis specify the data that has to be sent into the function and the keyword preceding main() specifies the type of data returned once the function has finished execution. void specifies that the function should not be sent any data and int specifies that it returns an integer value. The word int stands for integer. The word integer itself cannot be used.



{} (braces) surround the body of a function definition. They are also used to group statements together. Each { has to be matched with a }.



printf("Welcome to C Programming Language\n");

This is a call to the printf() function. In a program, the name of the function followed by parenthesis causes the function to be called or invoked. If required, the parenthesis must contain arguments. The semi-colon in the end completes the statement. Many statements in C end with a semi-colon. The semi-colon tells the compiler where one statement ends and the next begins. 



printf() function is from the library used to provide input to the program from the keyboard and output from the program to the display. stdio.h provides essential information to the compiler for these functions and, therefore, is included in the program. 



"Welcome to C Programming Language\n" is a string constant. In C, a string constant is defined by a series of characters surrounded by double quotes. This string is an argument to the printf() function and controls what gets printed on the display. The two characters \n at the end of the string represent a single character called newline. It is a non-printing character. It advances the cursor on the screen to the beginning of the next line.



Here, when the printf() function is called, it prints its arguments, i.e., a string constant on the screen.



return(0);

This is a return statement. It causes the value 0 to be returned to the operating system. The operating system may, in turn, use the value in some way.  



2.4 A Sample Program with Variables

Consider the following program



#include <stdio.h>



int main(void)

{

	int ANumber;

	int Result;

	ANumber = 25;

	Result = ANumber * 4;

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

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

	return(0);

}



The statements int ANumber; int Result; are declarations. A declaration specifies two aspects of a variable, its name and its type. In the case of these statements, ANumber and Result are the names of the variables and int specifies their type, i.e., integer. Declarations and statements end with a semi-colon. In C all variables must be declared. This means that the programmer has to provide a list of the all the variables that are to be used in the program and must also specify their types. Programmers must choose meaningful names for their variables. The number of characters that a programmer can use will vary among implementations and in most modern compilers is a maximum of 32 characters. 



The statement ANumber = 25; is an assignment statement. It is one of the most basic operations. This particular statement means give the variable ANumber the value of 25.



The statement Result = ANumber * 4; is also an assignment statement. The value of the expression on the right side of the assignment operator is assigned to the variable Result. The expression ANumber * 4 is evaluated by multiplying the value of variable ANumber by 4. 



The statement printf("ANumber = %d\n",ANumber); calls or invokes the printf() function. This function can be passed a variable number of arguments. The first argument is always a string and is called the control string. The control string in this statement is 

"ANumber = %d\n". %d is known as the format specifier. A format specifier tells the printf() function where to put a value in the string and what format to use in printing the value. In this particular case, the %d tells the printf() function to print the value of  ANumber as a decimal integer.  



The effect of the following two statements,



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

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



can be achieved from a single statement as shown below



	printf("ANumber = %d\nResult  = %d\n",ANumber,Result);



In this statement, the first %d corresponds to the variable ANumber and the second %d corresponds to the variable Result.  Thus there is a one to one correspondence between the format specifiers in the control string and the variables in the order these variables are listed after the control string.



2.5 Entering Data in Programs

In the previous program, the variable ANumber was assigned a value in the program. Once this program has been compiled and linked, the value assigned to the variable cannot be changed and the executable version of the program uses that value whenever it is executed. This makes the program extremely inflexible. Moreover, the program’s source code requires an update whenever the user wishes to use a new value for ANumber. This situation can be remedied by making provisions in the program that would allow the user to enter values that can be assigned to the variables at run time.



Consider the following program. This is an interactive version of the previous program



#include <stdio.h>



int main(void)

{

	int ANumber;

	int Result;

	printf("Enter an integer value : ");

	scanf("%d",&ANumber);

	Result = ANumber * 4;

	printf("ANumber = %d\nResult  = %d\n",ANumber,Result);

	return(0);

}



The printf("Enter an integer value : "); prints the following on the display  



	Enter an integer value : 



prompting the user to type in an integer number.



The statement scanf("%d",&ANumber); invokes the scanf() function. This function is analogous to the  printf() function but is used for input rather than output. Its first argument is a control string having formats that correspond to the various ways the data entered from the keyboard are to be interpreted. The other arguments to the scanf() function are addresses.



In the statement scanf("%d",&ANumber); the format specifier %d is matched with the expression &ANumber causing scanf() to interpret data arriving from the keyboard as a decimal integer and to store the result at the address of ANumber. The symbol & is known as the address operator and is used with the name of the variable to determine its address. Thus the expression &ANumber is evaluated to the address of the memory location storing the value of the variable ANumber. 



Additionally, scanf() function can accept input to several variables at once. For instance, consider the following program.



#include <stdio.h>



int main(void)

{

	int ANumber;

	int BNumber;

	int Result;

	printf("Enter two integer number to be multiplied seperated by a space : ");

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

	Result = ANumber * BNumber;

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

	return(0);

}



This program prompts the user to enter two decimal integer number
s
 seperated by a space, and prints out the product of these two numbers. The output of this program is as follows,



Enter two integer number to be multiplied seperated by a space : 15 5

15 * 5 = 75



As the user types the two input values, 15 and 5, the space that separates these values at the input is matched by the scanf() function with the corresponding space between the format specifiers in the control string "%d %d". This space serves as a delimiter. Actually, with a space in the control string separating the format specifier, any whitespace character can be used to delimit the input (i.e., new line, tab, etc.). For example, consider the following execution cycle of the same program,



Enter two integer number to be multiplied seperated by a space : 12

6

12 * 6 = 72



Any character can be used as a delimiter if it has been specified in the control string of the scanf() function. For instance, following is a version of the program that uses a colon as a delimiter.



#include <stdio.h>



int main(void)

{

	int ANumber;

	int BNumber;

	int Result;

	printf("Enter two integer number to be multiplied seperated by a space : ");

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

	Result = ANumber * BNumber;

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

	return(0);

}



Notice the colon in the control string for the function call 



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

   

Consider the following execution cycle of this program



Enter two integer number to be multiplied seperated by a space : 12:3

12 * 3 = 36



Please note that in the program shown above, no other character except colon can act as a delimiter for the input.



2.6 Tokens

Tokens represent the basic vocabulary of the C language. In ANSI C, there are 6 kinds of tokens, namely, keywords, identifiers, constants, string constants, operators and punctuation. The compiler checks that the tokens can be formed into legal strings according to the syntax of the language. Syntax is defined as the rules for combining the alphanumeric characters and other symbols to make legal or correct programs. If there is an error, the compiler will print an error message and stop. If there are no errors, then the source code is legal and the compiler translates it into object code, which in turn gets used by the linker 
to produce an executable file.



2.6.1	Keywords

Keywords are explicitly reserved words that have a strict meaning as individual tokens in C. These cannot be redefined or used in other contexts. int, void and return are some of the keywords in C.



C has less than 40 keywords. This is a relatively small number compared to other major programming languages. Ada, for example, has 62 keywords. It is a characteristic of C that it does a lot with relatively few special symbols and keywords.



2.6.2 Identifiers

An identifier is a token that is composed of a sequence of letters, digits and the special character _ known as the underscore. A letter or underscore must be the first character of an identifier. In most implementations of C, uppercase and lowercase letters are treated as distinct. It is a good programming practice to choose identifiers that have mnemonic significance so that they contribute to the readability and documentation of the program.  



Some examples of identifiers are



b

_oneidentifier

anotheridentifier

yet_another_identifier



Following are not identifiers



not#me	/* special character # is not allowed */

2nd_number	/* must not start with a numeric digit */

-my_name	/* do not mistake - for _ */



Identifiers are created to give unique names to various objects in a program. Keywords can be thought of as identifiers that are reserved to have special meaning in the C language. Identifiers such as printf and scanf are already known to the C system as input/output functions in the standard library. These names would not normally be redefined. The identifier main is special, in that C programs always begin execution at the function called main.



In ANSI C, at least the first 31 characters of an identifier are discriminated, i.e., the first 31 characters of an identifier must be 
a 
unique combination. Good programming style requires the programmer to choose name
s
 that are meaningful. If one were to write a program to figure out price of fuel at a petrol station, identifiers such as fuel_dispensed, price_per_litre and total_price may be used so that the statement



total_price = fuel_dispensed * price_per_litre;



would have an obvious meaning. The underscore is used to create a single identifier from what would normally be a string of words seperated by spaces. Meaningfulness and avoiding confusion go hand in hand with readability to constitute the main guidelines for a good programming style. 



Programmers should exercise caution while using identifier that begin with an underscore. Such identifiers can conflict with system names. Only systems programmers should use such identifiers. For example the identifier _iob is often defined as the name of an array of structures in stdio.h. If a programmer tries to use _iob for some other purpose, the compiler may complain or the program may misbehave. Application programmers are best advised to use identifiers that do not begin with an underscore.



2.6.3 Constants

C manipulates various kinds of values. Numbers such as 0 and 17 are examples of integer constants and numbers such as 1.0 and 3.14159 are examples of floating constants. Like most languages, C treats integers and floating constants differently. There are also character constants in C, such as ‘a’, ‘b’ and ‘*’. Character constants are written between single quotes and are closely related to integers. Some character constants are special, such as the newline character, written as ‘\n’. The backslash is the escape character. ‘\n’ can be, therefore, be referred to as escaping the usual meaning of n. Even though \n is written as two characters \ and n, it represents a single character.



All constants are collected by the compiler as tokens. Because of implementation limits, constants that are syntactically expressible may not be available on a particular machine. For instance, an integer may be too large to be stored in a machine word.



Decimal integers are finite strings of decimal digits. Because C provides octal and hexadecimal integers as well as decimal integers, one has to be careful to distinguish between the different kinds of integers. For example, 17 is a decimal integer constant, 017 is an octal integer constant and 0x17 is a hexadecimal integer constant. Moreover, negative integers such as -33 are considered as constant expressions. 



Following are some example of decimal integers,



0

27

564332233	/*	too large for the machine	*/



Following are not decimal integers



0432		/*	an octal integer	*/

-87		/*	a constant expression	*/

325.0		/*	a floating constant	*/ 



2.6.4 String Constants

A sequence of characters enclosed in a pair of double quote marks, such as “abc”, is a string constant or a string literal. It is collected by the compiler as a single token. String constants are stored by the compiler as an array of characters and hence are treated differently from character constants. For example, “a” and ‘a’ are not the same.



Note that the double quote mark “ is just one character, not two. If the character “ itself is to occur in a string constant, it must be preceded by a backslash character \. If the character \ is to occur in a string constant, it too must be preceded by a backslash  



Some examples of string constants are given below,



“a string of text”

“”				/* the null string */

“     “			/* a string of blanks */

“ a = b + c; “		/* not a statement but a string constant */

“ /* This is not a comment */ “

“ a string with double quotes \” within “

“ a single backslash \\ is in this string “



but following are not string constants



/* “this is not a string “ */

“ and

 neither is this “



Character sequences that would have meaning if outside a string constant are just a sequence of characters when surrounded by double quotes. In the previous examples, one string contains what appears to be the statement a = b + c; but since it occurs surrounded  by double quotes, it is explicitly this sequence of characters. 



2.6.5 Operators and Punctuation

In C, there are special characters with particular meanings. Examples include the arithmetic operators,



+	-	*	/	%



which stands for the usual arithmetic operations of addition, subtraction, multiplication, division and modulus respectively. Recall that in mathematics, the value of a modulus b is obtained by taking the remainder after dividing a by b. Thus, for example, 5%3 has the value 2, and 7%2 has the value 1.



Some symbols have meanings that depend on the context . As an example of this, consider the % symbol in the two statements printf(“%d”, a); and a = b%7;



The first % symbol is the start of a conversion specifier or format, whereas the second % symbol represents the modulus operator. 



Examples of punctuators include parenthesis, braces, commas and semicolons. Consider the following code,



int main(void)

{

	int a,b,c;

	a = 17 * (b+c);

	...

}



The parentheses immediately following main are treated as an operator. They tell the compiler that main is the name of a function. After this, the symbols { , ; ( ) are punctuators. Both operators and punctuators are collected by the compiler as tokens and, along with white spaces, they serve to separate language elements.



Some special characters are used in many different contexts, and the context itself can determine which use is intended. For example, parenthesis are sometimes used to indicate a function name; at other times they are used as punctuators. 



2.6.5.1 Operator Precedence and Associativity

Operators have rules of precedence and associativity that determine precisely how expressions are evaluated. *, / and % have a higher precedence than + and -. This means that the former are evaluated before the latter. Expressions within parenthesis are evaluated first. Parenthesis can, therefore, be used to clarify or change the order in which operators are performed.



Consider the expression



1 + 2 * 3



As the operator * has a higher precedence than +, multiplication is performed before addition. Hence the value of the expression is 7. An equivalent expression is 



1 + (2 * 3)



On the other hand, because expressions inside parenthesis are evaluated first, the expression 



(1 + 2) * 3



is different; its value is 9.



Table 2-1 summerises the rules for these operators. Notice that the two uses of the minus sign have different priorities. The associativity column indicates how an operator associates with its operands. For example, the unary minus sign associates with the quantity to its right, and in division, the left operand is divided by the right.



Operators�Associativity��()�left to right��- (unary)�right to left��* / %�left to right��+ - (subtraction)�left to right��=�right to left��

Table 2-1 : Operators in Decreasing Order of Precedence



Consider the expression 1 + 2 - 3 + 4. Because the binary operators + and - have the same precedence, the associativity rule left to right is used to determine how it is evaluated. The left to right rule means that the operations are performed from left to right. Thus (((1 + 2) -3) + 4) -5 is an equivalent expression. 



Similarly, consider the expression, -a * b - c. The first minus sign is unary and the second is binary. Using the rules of precedence, this expression can be transformed into 

((-a) * b) - c .



2.6.5.2 Increment and Decrement Operators

The increment ++ and decrement -- operators are unary operators with the same precedence as the unary minus. Both ++ and -- can be applied to variables, but not to constants or ordinary expressions. Moreover, the operators can occur in either prefix and postfix position and different effects may occur. Some examples are



++i

cnt--



but not



753++		/* constants cannot be incremented	*/

++(a - b)	/* ordinary expressions cannot be incremented	*/



Each of the expressions ++i and i++ has a value. Moreover, each causes the stored value of i in memory to be incremented by 1. The expression ++i causes the stored value of i to be incremented first, with the expression then taking as its value the new stored value of i. In contrast, the expression i++ has as its 
value the current value of i, then the expression causes the stored value of i to be incremented. The following program illustrates this phenomenon.



#include <stdio.h>



int main(void)

{

	int i = 0;

	int j,k;

	printf("Original value of i = %d\n\n",i);

	j = i++;

	printf ("j = i++ performed\nj = %d :: i = %d\n",j,i);

	k = ++i;

	printf("k = ++i performed\nk = %d :: i = %d\n",k,i);

	return(0);

}



The output of this program is given below



Original value of i = 0



j = i++ performed

j = 0 :: i = 1

k = ++i performed

k = 2 :: i = 2



In the similar fashion, --i causes the stored value of i in memory to be decremented by 1 first, with the expression then taking this new stored value as its value. With i-- the value of the expression is the current value of i; then the expression causes the stored value of i in memory to be decremented by 1.



Note carefully that ++ and -- cause the value of a variable in memory to be changed. Other operators do not do this. For example, an expression such as a + b leaves the values of the variables a and b unchanged. These ideas are expressed by saying that the operators ++ and -- have a side effect, not only do these operators yield a value, they also change the stored value of a variable in memory.



In some cases ++ or -- can be used in either prefix or postfix position, with both uses producing equivalent results. For example, each of the two statements i++; and ++i; is equivalent to i = i + 1;.



In simple situations, these operators can be considered to provide concise notation for the incrementing and decrementing of a variable. In other situations, careful attention must paid as to whether prefix or postfix position is desired.



2.6.5.3	Assignment Operators

Assignment operator (=) are used to change the value of a variable. Its precedence is lower than all other operators and its associativity is right to left. To understand = as an operator, consider + for the sake of comparison. The binary operator + takes two operands, as in the expression a + b. The value of the expression is the sum of the values of a and b. By comparison, a simple assignment expression is of the form 



variable = right_side



where right_side is itself an expression. Notice that a semicolon placed at the end would have made this an assignment statement. The assignment operator = has the two operands variable and right_side. The value of right_side is assigned to variable, and that value becomes the value of the assignment expression as a whole. 



In addition to =, there are other assignment operators, such as += and -=. An expression such as k = k + 2 will add 2 to the old value of k and assign the result to k, and the expression as a whole will have that value. The expression k += 2 accomplishes the same task. The following list contains the most commonly used assignment operators. 



=  +=  -=  *=  /=  %=



Consider the following demonstration program



#include <stdio.h>



int main(void)

{

	int Original, Surrogate;

	Original = 15;

	Surrogate = Original;

	Original += 7;

	printf("Original = %d :: Original += 7 = %d\n",Surrogate, 

		  Original);

	Original = Surrogate;

	Original -= 7;

	printf("Original = %d :: Original -= 7 = %d\n",Surrogate, 

		  Original);

	Original = Surrogate;

	Original *= 7;

	printf("Original = %d :: Original *= 7 = %d\n",Surrogate, 

		  Original);

	Original = Surrogate;

	Original /= 7;

	printf("Original = %d :: Original /= 7 = %d\n",Surrogate, 

		  Original);

	Original = Surrogate;

	Original %= 7;

	printf("Original = %d :: Original MOD= 7 = %d\n",Surrogate, 

		  Original);

	return(0);

}



The output of this program is as follows



Original = 15 :: Original += 7 = 22

Original = 15 :: Original -= 7 = 8

Original = 15 :: Original *= 7 = 105

Original = 15 :: Original /= 7 = 2

Original = 15 :: Original MOD= 7 = 1



2.7 Comments

Comments are arbitrary strings of symbols placed between delimiters /* and */. Comments are not tokens. The compiler changes each comment into a single blank character. Thus comments are not part of the executable program. Following are some examples of comments



/* This is a comment */		/*** another comment ***/	 /*******/



/*	

	A comment can be written in such a fashion

	to set it off from the surrounding code

*/



Comments are used by programmers as a documentation aid. The aim of documentation is to explain clearly how the program works and how it is to be used. Sometimes a comment contains an informal argument demonstrating the correctness of the program.



Comments should be written simultaneously with program text. Although some programmers insert comments as a last step, there are two problems with this approach. The first is that once the final implementation version of the program has been developed, the tendency is to either abbreviate or omit the comments. The second is that ideally the comments should serve as running commentary, indicating program structure and contributing to program clarity and correctness. They cannot serve this purpose if they are inserted after coding has finished. 
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