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Class / Sem I CSE, II Semester 
Subject Code  CS 6202 
Subject Programming and Data Structures I 
Prepared By T. Vithya 
Lesson Plan for Introduction to Programming Fundamentals 
Time: 45 Minutes 
Lesson. No 1/10 

1. Topics to be Covered:  Introduction to Programming Fundamentals 
2. Skills Addressed    : Listening 
3. Objectives of this Lesson Plan: 

To enable students to understand the fundamental concepts of C programming. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Draw the structure of C program. 
x Mention the features of C language. 
x List the operators available in C. 

5. Link Sheet:  
x Define Problem solving 
x What is the need for Algorithm? 
x List the advantages of Flowchart? 
x Define tokens? 
x How to declare a variable? 
x Draw the structure of C program. 

      6.Evocation: (5 Minutes) 
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6. Lecture Notes:  Enclosed here 
7. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 
2nd Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
8. Application 

Problem Solving Techniques 
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1.1 Introduction to Programming Fundamentals 
 
C is a general-purpose high level language that was originally developed by Dennis Ritchie 

for the Unix operating system. It was first implemented on the Digital Equipment Corporation 
PDP-11 computer in 1972. 

The Unix operating system and virtually all Unix applications are written in the C language. 
C has now become a widely used professional language for various reasons. 

x Easy to learn 
x Structured language 
x It produces efficient programs. 
x It can handle low-level activities. 
x It can be compiled on a variety of computers. 

Facts about C 
x C was invented to write an operating system called UNIX. 
x C is a successor of B language which was introduced around 1970 
x The language was formalized in 1988 by the American National Standard Institue 

(ANSI). 
x By 1973 UNIX OS almost totally written in C. 
x Today C is the most widely used System Programming Language. 
x Most of the state of the art software have been implemented using C 

Why to use C ? 
C was initially used for system development work, in particular the programs that make-up the 
operating system. C was adopted as a system development language because it produces code 
that runs nearly as fast as code written in assembly language. Some examples of the use of C 
might be: 

x Operating Systems 
x Language Compilers 
x Assemblers 
x Text Editors 
x Print Spoolers 
x Network Drivers 
x Modern Programs 
x Data Bases 
x Language Interpreters 
x Utilities 

C Program Structure 
A C program basically has the following form: 

x Preprocessor Commands 
x Functions 
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x Variables 
x Statements & Expressions 
x Comments 

#include <stdio.h> 
 
int main() 
{ 
   /* My first program */ 
   printf("Hello, World! \n"); 
    
   return 0; 
} 

Preprocessor Commands: These commands tells the compiler to do preprocessing before doing 
actual compilation. Like #include <stdio.h> is a preprocessor command which tells a C compiler 
to include stdio.h file before going to actual compilation.  

Functions: are main building blocks of any C Program. Every C Program will have one or more 
functions and there is one mandatory function which is called main() function. This function is 
prefixed with keyword int which means this function returns an integer value when it exits. This 
integer value is returned using return statement. The C Programming language provides a set of 
built-in functions. In the above example printf() is a C built-in function which is used to print 
anything on the screen.  

Variables: are used to hold numbers, strings and complex data for manipulation.  

Statements & Expressions : Expressions combine variables and constants to create new values. 
Statements are expressions, assignments, function calls, or control flow statements which make 
up C programs. 

Comments: are used to give additional useful information inside a C Program. All the comments 
will be put inside /*...*/ as given in the example above. A comment can span through multiple 
lines. 

C-Reserved Keywords 
The following names are reserved by the C language. Their meaning is already defined, and they 
cannot be re-defined to mean anything else. 

auto else long switch 

break enum register typedef 

case extern return union 

char float short unsigned 

const for signed void 

continue goto sizeof volatile 
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default if static while 

do int struct _Packed 

double    
 
C - Operator Types 

x Arithmetic Operators 
x Logical (or Relational) Operators 
x Bitwise Operators 
x Assignment Operators 
x Misc Operators 

Arithmetic Operators: 
Operator Description Example 

+ Adds two operands A + B will give 30 

- Subtracts second operand from the first A - B will give -10 

* Multiply both operands A * B will give 200 

/ Divide numerator by denominator B / A will give 2 

% Modulus Operator and remainder of after 
an integer division 

B % A will give 0 

++ Increment operator, increases integer 
value by one 

A++ will give 11 

-- Decrement operator, decreases integer 
value by one 

A-- will give 9 

Logical (or Relational) Operators: 
Operator Description Example 

== 
Checks if the value of two operands is 
equal or not, if yes then condition 
becomes true. 

(A == B) is not true.  

!= 
Checks if the value of two operands is 
equal or not, if values are not equal then 
condition becomes true. 

(A != B) is true.  

www.studentsfocus.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 7 
 

> 
Checks if the value of left operand is 
greater than the value of right operand, if 
yes then condition becomes true. 

(A > B) is not true.  

< 
Checks if the value of left operand is less 
than the value of right operand, if yes 
then condition becomes true. 

(A < B) is true.  

>= 
Checks if the value of left operand is 
greater than or equal to the value of right 
operand, if yes then condition becomes 
true. 

(A >= B) is not true.  

<= 
Checks if the value of left operand is less 
than or equal to the value of right 
operand, if yes then condition becomes 
true. 

(A <= B) is true.  

&& 
Called Logical AND operator. If both the 
operands are non zero then condition 
becomes true. 

(A && B) is true.  

|| 
Called Logical OR Operator. If any of 
the two operands is non zero then 
condition becomes true. 

(A || B) is true.  

! 
Called Logical NOT Operator. Use to 
reverses the logical state of its operand. If 
a condition is true then Logical NOT 
operator will make false. 

!(A && B) is false.  

Bitwise Operators: 
Operator Description Example 

& Binary AND Operator copies a bit to the 
result if it exists in both operands.  

(A & B) will give 12 which is 0000 1100 

| Binary OR Operator copies a bit if it 
exists in either operand.  

(A | B) will give 61 which is 0011 1101 

^ Binary XOR Operator copies the bit if it 
is set in one operand but not both.  

(A ^ B) will give 49 which is 0011 0001 
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~ Binary Ones Complement Operator is 
unary and has the effect of 'flipping' bits.  

(~A ) will give -60 which is 1100 0011 

<< 
Binary Left Shift Operator. The left 
operands value is moved left by the 
number of bits specified by the right 
operand.  

A << 2 will give 240 which is 1111 0000 

>> 
Binary Right Shift Operator. The left 
operands value is moved right by the 
number of bits specified by the right 
operand.  

A >> 2 will give 15 which is 0000 1111 

Assignment Operators: 
Operator Description Example 

= 
Simple assignment operator, 
Assigns values from right side 
operands to left side operand 

C = A + B will assign value of A + B into C 

+= 
Add AND assignment operator, It 
adds right operand to the left 
operand and assign the result to left 
operand 

C += A is equivalent to C = C + A 

-= 
Subtract AND assignment operator, 
It subtracts right operand from the 
left operand and assign the result to 
left operand 

C -= A is equivalent to C = C - A 

*= 
Multiply AND assignment operator, 
It multiplies right operand with the 
left operand and assign the result to 
left operand 

C *= A is equivalent to C = C * A 

/= 
Divide AND assignment operator, It 
divides left operand with the right 
operand and assign the result to left 
operand 

C /= A is equivalent to C = C / A 

%= 
Modulus AND assignment operator, 
It takes modulus using two operands 
and assign the result to left operand 

C %= A is equivalent to C = C % A 
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<<= Left shift AND assignment operator  C <<= 2 is same as C = C << 2 

>>= 
Right shift AND assignment 
operator  

C >>= 2 is same as C = C >> 2 

&= Bitwise AND assignment operator C &= 2 is same as C = C & 2 

^= Bitwise exclusive OR and 
assignment operator 

C ^= 2 is same as C = C ^ 2 

|= Bitwise inclusive OR and 
assignment operator 

C |= 2 is same as C = C | 2 

Misc Operators 

There are few other operators supported by C Language. 

Operator Description Example 

sizeof() Returns the size of a variable. sizeof(a), where a is integer, will return 4. 

& Returns the address of a variable. &a; will give actual address of the variable. 

* Pointer to a variable. *a; will pointer to a variable. 

? : Conditional Expression If Condition is true ? Then value X : 
Otherwise value Y 
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Sri Vidya College of Engineering and 
Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 
Subject Code  CS 6202 
Subject Programming and Data Structures I 
Prepared By T. Vithya 
Lesson Plan for Conditional Statements 
Time: 45 Minutes 
Lesson. No 2/10 

1. Topics to be covered: Conditional Statements  
2. Skills Addressed    : Understanding 
3. Objectives of this Lesson Plan: 

To enable students to understand the decision making or conditional statements. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Write the syntax for conditional statements. 
x Write program using if statements. 

5. Link Sheet:  
x Explain in detail about if statement, if-else, nested if-else statement. 
x In details explain about switch statement with an example. 
x Difference between break and continue statement. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 
2nd Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
9. Application 

Decision making 
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1.2 Conditional Statements 

C language provides the following conditional (decision making) statements 
x if statement 
x if…..else statement 
x nested if …..else statement 
x if….else ladder 
x switch statement 

1. The if statement 
 The if statement is a decision making statement. It is used to control the flow of execution 
of the statements and also used to test logically whether the condition is true or false. This 
statement is used when a question requires answer. 
Syntax : 
if (condition is true) 
{ 
 True statements; 
} 

 
 

 If the condition is true, then the True statements are executed. The „True Statements‟ may 
be a single statement or group of statements.  

Example: 
#include<stdio.h> 
main() 
{ 
int a,b; 
printf(“Enter a, b values:”); 
scanf(“%d %d”,&a,&b); 
if(a>b) 
printf(“\n a is greater than b”); 
} 
Output: 
Enter a, b values:20 
10 
a is greater than b 
 

 

www.studentsfocus.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 13 
 

2. The if…else statement 
It is basically two way decision making statement and always used in conjunction with 

condition. It is used to control the flow of execution and also used to carry out the logical test 
and pickup one of the two possible actions depending on the logical test. 
 
Syntax: 
if(condition) 
{ 

Statement1; 
..... 
Statement n; 

} 
else 
{ 

Statement1; 
..... 
Statement n; 

} 
 

Example: 
#include<stdio.h> 
main() 
{ 
int a,b; 
printf(“Enter a,b values:”); 
scanf(“%d %d”,&a,&b); 
if(a>b) 
printf(“\n a is greater than b”); 
else 
printf(“\nb is greater than b”); 
} 

OUTPUT: 
Enter a,b values:10 
20 
b is greater than a 

3. Nested if…else statement 

 When a series of if….else statements are occurred in a program, we can write an entire 
if…else statement in another if…else statement called nesting, and the statement is called nested 
if. 
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Syntax: 
if(condition 1) 
{ 

if(condition 2) 
{ 

True statement 2; 
} 
else 
{ 

False statement 2; 
 } 
} 
else 
{ 

False statement 1; 
} 

 

 

Example: 

#include <stdio.h> 
main() 
{  

int numb1, numb2;  
printf("Enter two integers to check".\n);  
scanf("%d %d",&numb1,&numb2);  
if(numb1==numb2) //checking whether two integers are equal.  

printf("Result: %d=%d",numb1,numb2);  
else  
{ 

if(numb1>numb2) //checking whether numb1 is greater than numb2.  
printf("Result: %d>%d",numb1,numb2);  

else  
printf("Result: %d>%d",numb2,numb1);  

}  
} 
Output: 
Enter two integers to check.  
5  
3  
Result: 5>3 
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4. The if..else ladder 

 Nested if statements can become quite complex. If there are more than three alternatives 
and indentation is not consistent, it may be different for you to determine the logic structure of 
the if statement. In such situations we can use the if…..else ladder 

Syntax: 
if(condition 1) 
{ 
 Statement 1; 
} 
else if (condition 2) 
{ 
 Statement 2; 
} 
else if (condition 3) 
{ 
 Statement 3; 
} 
else 
{ 
 Default Statements; 
} 

 
 

 
5. The Switch Statement 

A switch statement allows a variable to be tested for equality against a list of values. 
Each value is called a case, and the variable being switched on is checked for each switch case. 

Syntax: 
switch(expression){ 
    case constant-expression  : 
        statement(s); 
        break; /* optional */ 
    case constant-expression  : 
        statement(s); 
        break; /* optional */ 
  . 
   
    default : /* Optional */ 
       statement(s); 
} 
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Example: 
#include <stdio.h> 
 int main () 
{ 
   /* local variable definition */ 
   char grade = 'B'; 
   switch(grade) 
   { 
    case 'A' : 
        printf("Excellent!\n" ); 
       break; 
    case 'B' : 
    case 'C' : 
        printf("Well done\n" ); 
        break; 
    case 'D' : 
        printf("You passed\n" ); 
        break; 
    case 'F' : 
        printf("Better try again\n" ); 
        break; 
    default : 
        printf("Invalid grade\n" ); 
   } 
   printf("Your grade is  %c\n", grade ); 
   return 0; 
} 
Output 
Well done 
Your grade is B 
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Sri Vidya College of Engineering and 
Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 
Subject Code  CS 6202 
Subject Programming and Data Structures I 
Prepared By T. Vithya 
Lesson Plan for Control Statements 
Time: 45 Minutes 
Lesson. No 3/10 

1. Topics to be covered: Control Statements  
2. Skills Addressed    : Listening, Remembering 
3. Objectives of this Lesson Plan: 

To enable students to understand the control statements. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Write the syntax for looping structures. 
x Write programs using looping statements. 
x Define the use of break and continue statements. 

5. Link Sheet:  
x Difference between while and do-while statement. 
x With an example explain about for, while and do-while statement. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 
2nd Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
9. Application 

Decision making 
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1.3 Control Statements 

C language provides 4 general categories of control structure: 
1. Sequential Structure 
2. Selection Structure 
3. Iteration Structure 
4. Encapsulation Structure 
In some situations there is a need to repeat a set of instructions in specified manner of times 

or until a particular condition is being satisfied. This can be performed through a loop control 
structure. 

Any looping statement would include the following steps: 
1. Initialization of a condition variable 
2. Test the control statement 
3. Executing the body of the loop depending on the condition 
4. Updating the condition variable. 

The following are the loop structures available in „C‟ 
while… 
do…while 
for… 
The while loop 
A while loop statement in C programming language repeatedly executes a target statement as 
long as a given condition is true. 
Syntax: 
while(condition) 
{ 
   statement(s); 
} 
 
 

 

 
Example:  
#include <stdio.h> 
 int main () 
{ 
   /* local variable definition */ 
   int a = 10; 
   /* while loop execution */ 
   while( a < 20 ) 
   { 
      printf("value of a: %d\n", a); 
      a++; 
   } 
    return 0; 
} 
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Output: 
value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 

The do…while loop 
A do...while loop is similar to a while loop, except that a do...while loop is guaranteed to execute 
at least one time. 

Syntax: 
do 
{ 
   statement(s); 
}while( condition ); 
 

 

Example 

#include <stdio.h> 
  
int main () 
{ 
   /* local variable definition */ 
   int a = 10; 
 
   /* do loop execution */ 
   do 
   { 
       printf("value of a: %d\n", a); 
       a = a + 1; 
   }while( a < 20 ); 
    return 0; 
} 

 

Output: 
value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
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value of a: 15 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 

The for… loop 

A for loop is a repetition control structure that allows you to efficiently write a loop that needs to 
execute a specific number of times. 

Syntax: 
for ( init; condition; increment ) 
{ 
   statement(s); 
} 
Here is the flow of control in a for loop: 

1. The init step is executed first, and only once. This step allows you to declare and 
initialize any loop control variables. You are not required to put a statement here, as long 
as a semicolon appears. 

2. Next, the condition is evaluated. If it is true, the body of the loop is executed. If it is 
false, the body of the loop does not execute and flow of control jumps to the next 
statement just after the for loop. 

3. After the body of the for loop executes, the flow of control jumps back up to the 
increment statement. This statement allows you to update any loop control variables. 
This statement can be left blank, as long as a semicolon appears after the condition. 

4. The condition is now evaluated again. If it is true, the loop executes and the process 
repeats itself (body of loop, then increment step, and then again condition). After the 
condition becomes false, the for loop terminates. 

 
Flow Diagram: 

 

 

Example: 
#include <stdio.h> 
int main () 
{ 
   /* for loop execution */ 
   for( int a = 10; a < 20; a = a + 1 ) 
   { 
      printf("value of a: %d\n", a); 
   } 
   return 0; 
} 
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Output 
value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19

Loop Control Statements: 
Loop control statements change execution from its normal sequence. When execution 

leaves a scope, all automatic objects that were created in that scope are destroyed. 
C supports the following control statements 

x break statement 
x continue statement 
x goto statement 

The break statement  
The break statement in C programming language has the following two usages: 

1. When the break statement is encountered inside a loop, the loop is immediately 
terminated and program control resumes at the next statement following the loop. 

2. It can be used to terminate a case in the switch statement (covered in the next chapter). 

Syntax: 
break; 
Flow Diagram: 

 

 

Example: 
#include <stdio.h> 
int main () 
{ 
   /* local variable definition */ 
   int a = 10; 
   /* while loop execution */ 
   while( a < 20 ) 
   { 
      printf("value of a:%d\n", a); 
      a++; 
      if( a > 15) 
      { 
         /* terminate the loop using break 
statement */ 
          break; 
      } 
   } 
   return 0; 
} 
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Output: 
value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 15 
 
The continue statement 
The continue statement in C programming language works somewhat like the break statement. 
Instead of forcing termination, however, continue forces the next iteration of the loop to take 
place, skipping any code in between. 

Syntax: 
continue; 

Flow Diagram: 

 

Example 
#include <stdio.h> 
int main () 
{ 
   /* local variable definition */ 
   int a = 10; 
 
   /* do loop execution */ 
   do 
   { 
      if( a == 15) 
      { 
         /* skip the iteration */ 
         a = a + 1; 
         continue; 
      } 
      printf("value of a: %d\n", a); 
      a++; 
      
   }while( a < 20 ); 
   return 0; 
} 

Output: 
value of a: 10 
value of a: 11 
value of a: 12 
value of a: 13 
value of a: 14 
value of a: 16 
value of a: 17 
value of a: 18 
value of a: 19 
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Sri Vidya College of Engineering and 
Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 
Subject Code  CS 6202 
Subject Programming and Data Structures I 
Prepared By T. Vithya 
Lesson Plan for Functions 
Time: 45 Minutes 
Lesson. No 4/10 

1. Topics to be covered: Functions 
2.    Skills Addressed    : Listening, Understanding 
3. Objectives of this Lesson Plan: 

To enable students to understand the concepts of functions in C. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Declare a function. 
x Write a c program using functions. 
x Define arguments and parameters of a function. 

5. Link Sheet:  
x Define functions. 
x How to declare a function? 
x What are the two types of functions? 
x Explain about parameter passing methods in function. 

6. Evocation: (5 Minutes) 
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7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 
Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
9. Application 

Modular Programming. 
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1.4 Functions 

A function is a group of statements that together perform a task. Every C program has at least 
one function, which is main(), and all the most trivial programs can define additional functions. 

You can divide up your code into separate functions. How you divide up your code among 
different functions is up to you, but logically the division usually is so each function performs a 
specific task. 

A function declaration tells the compiler about a function's name, return type, and parameters. A 
function definition provides the actual body of the function. 

A function is known with various names like a method or a sub-routine or a procedure, etc. 

Defining a Function: 

The general form of a function definition in C programming language is as follows: 

return_type function_name( parameter list ) 
{ 
   body of the function 
} 
 

 

A function definition in C programming language consists of a function header and a function 
body. Here are all the parts of a function: 

x Return Type: A function may return a value. The return_type is the data type of the 
value the function returns. Some functions perform the desired operations without 
returning a value. In this case, the return_type is the keyword void. 

x Function Name: This is the actual name of the function. The function name and the 
parameter list together constitute the function signature. 

x Parameters: A parameter is like a placeholder. When a function is invoked, you pass a 
value to the parameter. This value is referred to as actual parameter or argument. The 
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parameter list refers to the type, order, and number of the parameters of a function. 
Parameters are optional; that is, a function may contain no parameters. 

x Function Body: The function body contains a collection of statements that define what 
the function does. 

Example: 
Following is the source code for a function called max(). This function takes two parameters 
num1 and num2 and returns the maximum between the two: 

/* function returning the max between two numbers */ 
int max(int num1, int num2)  
{ 
   /* local variable declaration */ 
   int result; 
    if (num1 > num2) 
      result = num1; 
   else 
      result = num2; 
  
   return result;  
} 

Function Declarations: 

A function declaration tells the compiler about a function name and how to call the function. 
The actual body of the function can be defined separately. 

A function declaration has the following parts: 

 return_type function_name( parameter list ); 

For the above defined function max(), following is the function declaration: 

 int max(int num1, int num2); 

Parameter names are not important in function declaration only their type is required, so 
following is also valid declaration: 

 int max(int, int); 

Function declaration is required when you define a function in one source file and you call that 
function in another file. In such case you should declare the function at the top of the file calling 
the function. 

Calling a Function: 
While creating a C function, you give a definition of what the function has to do. To use a 
function, you will have to call that function to perform the defined task. 
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When a program calls a function, program control is transferred to the called function. A called 
function performs defined task and when its return statement is executed or when its function-
ending closing brace is reached, it returns program control back to the main program. 
To call a function, you simply need to pass the required parameters along with function name, 
and if function returns a value, then you can store returned value. For example: 

#include <stdio.h> 
 /* function declaration */ 
int max(int num1, int num2); 
int main () 
{ 
   /* local variable definition */ 
   int a = 100; 
   int b = 200; 
   int ret; 
   /* calling a function to get max value */ 
   ret = max(a, b); 
   printf( "Max value is : %d\n", ret ); 
    return 0; 
} 
  
/* function returning the max between two numbers */ 
int max(int num1, int num2)  
{ 
   /* local variable declaration */ 
   int result; 
    if (num1 > num2) 
      result = num1; 
   else 
      result = num2; 
   return result;  
} 
Output: 
Max value is : 200 

Function Arguments: 

If a function is to use arguments, it must declare variables that accept the values of the 
arguments. These variables are called the formal parameters of the function. 

The formal parameters behave like other local variables inside the function and are created upon 
entry into the function and destroyed upon exit. 
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While calling a function, there are two ways that arguments can be passed to a function: 

Call Type Description 

Call by value 

This method copies the actual value of an argument into the formal 
parameter of the function. In this case, changes made to the 
parameter inside the function have no effect on the argument.  

Call by reference 

This method copies the address of an argument into the formal 
parameter. Inside the function, the address is used to access the 
actual argument used in the call. This means that changes made to 
the parameter affect the argument. 

By default, C uses call by value to pass arguments. In general, this means that code within a 
function cannot alter the arguments used to call the function and above mentioned example while 
calling max() function used the same method. 
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Lesson Plan for Arrays 
Time: 45 Minutes 
Lesson. No 5/10 

1. Topics to be covered: Arrays  
2.    Skills Addressed    : Remembering 
3. Objectives of this Lesson Plan: 

To enable students to understand the array concepts. 
4. Outcome (s): 

At the end of the lesson the students will be able to: 
x Define array. 
x Mention the types of arrays. 
x Declare and initialize arrays. 

5. Link Sheet: 
x Write the syntax for array and define it. 
x How to declare an array? 
x Explain about the types of arrays. 

6. Evocation: (5 Minutes) 

 
 
7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 
Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 
Matrix multiplication 

1.5 Arrays 

C programming language provides a data structure called the array, which can store a fixed-size 
sequential collection of elements of the same type. An array is used to store a collection of data, 
but it is often more useful to think of an array as a collection of variables of the same type. 

Instead of declaring individual variables, such as number0, number1, ..., and number99, you 
declare one array variable such as numbers and use numbers[0], numbers[1], and ..., 
numbers[99] to represent individual variables. A specific element in an array is accessed by an 
index.  

All arrays consist of contiguous memory locations. The lowest address corresponds to the first 
element and the highest address to the last element. 

 

Declaring Arrays 

To declare an array in C, a programmer specifies the type of the elements and the number of 
elements required by an array as follows: 

type arrayName [arraySize]; 

This is called a single-dimensional array. The arraySize must be an integer constant greater than 
zero and type can be any valid C data type. For example, to declare a 10-element array called 
balance of type double, use this statement: 

double balance[10]; 

Now balance is available array which is sufficient to hold upto 10 double numbers. 

Initializing Arrays 

You can initialize array in C either one by one or using a single statement as follows: 

double balance[5] = {1000.0, 2.0, 3.4, 17.0, 50.0}; 
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The number of values between braces { } cannot be larger than the number of elements that we 
declare for the array between square brackets [ ]. Following is an example to assign a single 
element of the array: 

If you omit the size of the array, an array just big enough to hold the initialization is created. 
Therefore, if you write: 

double balance[] = {1000.0, 2.0, 3.4, 17.0, 50.0}; 

You will create exactly the same array as you did in the previous example. 

balance[4] = 50.0; 

The above statement assigns element number 5th in the array a value of 50.0. Array with 4th 
index will be 5th ie. last element because all arrays have 0 as the index of their first element 
which is also called base index. Following is the pictorial representation of the same array we 
discussed above: 

 

Accessing Array Elements 
An element is accessed by indexing the array name. This is done by placing the index of the 
element within square brackets after the name of the array. For example: 

double salary = balance[9]; 

The above statement will take 10th element from the array and assign the value to salary 
variable. Following is an example which will use all the above mentioned three concepts viz. 
declaration, assignment and accessing arrays: 

#include<stdio.h> 
int main () 
{ 
   int n[10]; /*n is an array of 10 integers*/ 
   int i,j; 
   /*initialize elements of array n to 0*/          
   for(i=0;i<10;i++) 
   { 
      n[i]=i+100; /*set element at location i to i+100*/ 
   } 
   /*output each array element's value*/ 
   for(j=0;j<10;j++) 
   { 
      printf("Element[%d]=%d\n",j,n[j]); 
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   } 
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 

Element[0] = 100 
Element[1] = 101 
Element[2] = 102 
Element[3] = 103 
Element[4] = 104 
Element[5] = 105 
Element[6] = 106 
Element[7] = 107 
Element[8] = 108 
Element[9] = 109 

Two-Dimensional Arrays: 

The simplest form of the multidimensional array is the two-dimensional array. A two-
dimensional array is, in essence, a list of one-dimensional arrays. To declare a two-dimensional 
integer array of size x,y you would write something as follows: 

type arrayName [ x ][ y ]; 

Where type can be any valid C data type and arrayName will be a valid C identifier. A two-
dimensional array can be think as a table which will have x number of rows and y number of 
columns. A 2-dimensional array a, which contains three rows and four columns can be shown as 
below: 

 

Thus, every element in array a is identified by an element name of the form a[i][j], where a is the 
name of the array, and i and j are the subscripts that uniquely identify each element in a. 

Initializing Two-Dimensional Arrays: 

Multidimensional arrays may be initialized by specifying bracketed values for each row. 
Following is an array with 3 rows and each row has 4 columns. 

int a[3][4] = {   
 {0, 1, 2, 3} ,   /*  initializers for row indexed by 0 */ 
 {4, 5, 6, 7} ,   /*  initializers for row indexed by 1 */ 
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 {8, 9, 10, 11}   /*  initializers for row indexed by 2 */ 
}; 

The nested braces, which indicate the intended row, are optional. The following initialization is 
equivalent to previous example: 

int a[3][4] = {0,1,2,3,4,5,6,7,8,9,10,11}; 

Accessing Two-Dimensional Array Elements: 

An element in 2-dimensional array is accessed by using the subscripts, i.e., row index and 
column index of the array. For example: 

int val = a[2][3]; 

The above statement will take 4th element from the 3rd row of the array. You can verify it in the 
above diagram. Let us check below program where we have used nested loop to handle a two 
dimensional array: 

#include <stdio.h> 
int main () 
{ 
   /* an array with 5 rows and 2 columns*/ 
   int a[5][2] = { {0,0}, {1,2}, {2,4}, {3,6},{4,8}}; 
   int i, j; 
   /* output each array element's value */ 
   for ( i = 0; i < 5; i++ ) 
   { 
      for ( j = 0; j < 2; j++ ) 
      { 
         printf("a[%d][%d] = %d\n", i,j, a[i][j] ); 
      } 
   } 
   return 0; 
} 

When the above code is compiled and executed, it produces the following result: 

a[0][0]: 0 
a[0][1]: 0 
a[1][0]: 1 
a[1][1]: 2 
a[2][0]: 2 

a[2][1]: 4 
a[3][0]: 3 
a[3][1]: 6 
a[4][0]: 4 
a[4][1]: 8 
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1. Topics to be covered: Preprocessor 
2.    Skills Addressed    : Listening, understanding 
3. Objectives of this Lesson Plan: 

To enable students to understand the C preprocessor derivatives. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Define macro derivatives. 
x List the various preprocessor derivatives. 

5. Link Sheet:  
x Define Preprocessor 
x What is a Macro? Give example. 
x List the various preprocessor directives. 
x What is the use of preprocessor directives? 
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6. Evocation: (5 Minutes) 
 

 
 
7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 
Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014 
9. Application 

Conditional compilation, Macro expansion. 
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1.6 Preprocessor 

The C Preprocessor is not part of the compiler, but is a separate step in the compilation 
process. In simplistic terms, a C Preprocessor is just a text substitution tool and they instruct 
compiler to do required pre-processing before actual compilation. We'll refer to the C 
Preprocessor as the CPP. 

All preprocessor commands begin with a pound symbol (#). It must be the first nonblank 
character, and for readability, a preprocessor directive should begin in first column. Following 
section lists down all important preprocessor directives: 
Directive Description 
#define Substitutes a preprocessor macro 

#include Inserts a particular header from another file 

#undef Undefines a preprocessor macro 

#ifdef Returns true if this macro is defined 

#ifndef Returns true if this macro is not defined 

#if Tests if a compile time condition is true 

#else The alternative for #if 

#elif #else an #if in one statement 

#endif Ends preprocessor conditional 

#error Prints error message on stderr 

#pragma Issues special commands to the compiler, using a standardized method 

Preprocessors Examples 
Analyze the following examples to understand various directives. 

#define MAX_ARRAY_LENGTH 20 

This directive tells the CPP to replace instances of MAX_ARRAY_LENGTH with 20. Use 
#define for constants to increase readability. 

#include <stdio.h> 
#include "myheader.h" 

These directives tell the CPP to get stdio.h from System Libraries and add the text to the current 
source file. The next line tells CPP to get myheader.h from the local directory and add the 
content to the current source file. 

#undef  FILE_SIZE 
#define FILE_SIZE 42 
This tells the CPP to undefine existing FILE_SIZE and define it as 42. 
#ifndef MESSAGE 
   #define MESSAGE "You wish!" 
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#endif 
This tells the CPP to define MESSAGE only if MESSAGE isn't already defined. 
#ifdef DEBUG 
   /* Your debugging statements here */ 
#endif 
This tells the CPP to do the process the statements enclosed if DEBUG is defined. This is useful 
if you pass the -DDEBUG flag to gcc compiler at the time of compilation. This will define 
DEBUG, so you can turn debugging on and off on the fly during compilation. 
Predefined Macros 
ANSI C defines a number of macros. Although each one is available for your use in 
programming, the predefined macros should not be directly modified. 
Macro Description 
__DATE__ The current date as a character literal in "MMM DD YYYY" format 

__TIME__ The current time as a character literal in "HH:MM:SS" format 

__FILE__ This contains the current filename as a string literal. 

__LINE__ This contains the current line number as a decimal constant. 

__STDC__ Defined as 1 when the compiler complies with the ANSI standard. 
Let's try the following example: 
#include <stdio.h> 
main() 
{ 
   printf("File :%s\n", __FILE__ ); 
   printf("Date :%s\n", __DATE__ ); 
   printf("Time :%s\n", __TIME__ ); 
   printf("Line :%d\n", __LINE__ ); 
   printf("ANSI :%d\n", __STDC__ ); 
 
} 
When the above code in a file test.c is compiled and executed, it produces the following result: 
File :test.c 
Date :Jun 2 2012 
Time :03:36:24 
Line :8 
ANSI :1 

Preprocessor Operators 
The C preprocessor offers following operators to help you in creating macros: 

Macro Continuation (\) 
A macro usually must be contained on a single line. The macro continuation operator is used to 
continue a macro that is too long for a single line. For example: 
#define  message_for(a, b)  \ 
    printf(#a " and " #b ": We love you!\n") 
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Stringize (#) 
The stringize or number-sign operator ('#'), when used within a macro definition, converts a 
macro parameter into a string constant. This operator may be used only in a macro that has a 
specified argument or parameter list. For example: 

#include <stdio.h> 
#define  message_for(a, b)  \ 
    printf(#a " and " #b ": We love you!\n") 
int main(void) 
{ 
   message_for(Carole, Debra); 
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 
Carole and Debra: We love you! 

Token Pasting (##) 
The token-pasting operator (##) within a macro definition combines two arguments. It permits 
two separate tokens in the macro definition to be joined into a single token. For example: 

#include <stdio.h> 
#define tokenpaster(n) printf ("token" #n " = %d", token##n) 
int main(void) 
{ 
   int token34 = 40; 
    
   tokenpaster(34); 
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 
token34 = 40 
 
How it happened, because this example results in the following actual output from the 
preprocessor: 
printf ("token34 = %d", token34); 
This example shows the concatenation of token##n into token34 and here we have used both 
stringize and token-pasting. 

The defined() Operator 
The preprocessor defined operator is used in constant expressions to determine if an identifier is 
defined using #define. If the specified identifier is defined, the value is true (non-zero). If the 
symbol is not defined, the value is false (zero). The defined operator is specified as follows: 

#include <stdio.h> 
#if !defined (MESSAGE) 
   #define MESSAGE "You wish!" 
#endif 
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int main(void) 
{ 
   printf("Here is the message: %s\n", MESSAGE);   
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 
Here is the message: You wish! 

Parameterized Macros 
One of the powerful functions of the CPP is the ability to simulate functions using parameterized 
macros. For example, we might have some code to square a number as follows: 

int square(int x) { 
   return x * x; 
} 

We can rewrite above code using a macro as follows: 
#define square(x) ((x) * (x)) 

Macros with arguments must be defined using the #define directive before they can be used. The 
argument list is enclosed in parentheses and must immediately follow the macro name. Spaces 
are not allowed between and macro name and open parenthesis. For example: 

#include <stdio.h> 
#define MAX(x,y) ((x) > (y) ? (x) : (y)) 
int main(void) 
{ 
   printf("Max between 20 and 10 is %d\n", MAX(10, 20));   
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 
Max between 20 and 10 is 20 
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Lesson Plan for Pointers 
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1. Topics to be covered: Pointers  
2.    Skills Addressed    : Remembering, Understanding 
3. Objectives of this Lesson Plan: 

To enable students to understand the pointers in C. 
4. Outcome (s): 
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x Define pointers 
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5. Link Sheet:  
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x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
9. Application 

Dynamic memory management 

1.7 Pointers 

Pointers in C are easy and fun to learn. Some C programming tasks are performed more easily 
with pointers, and other tasks, such as dynamic memory allocation, cannot be performed without 
using pointers. So it becomes necessary to learn pointers to become a perfect C programmer. 
Let's start learning them in simple and easy steps. 

As you know, every variable is a memory location and every memory location has its address 
defined which can be accessed using ampersand (&) operator, which denotes an address in 
memory. Consider the following example, which will print the address of the variables defined: 

#include <stdio.h> 
int main () 
{ 
   int  var1; 
   char var2[10]; 
   printf("Address of var1 variable: %x\n", &var1  ); 
   printf("Address of var2 variable: %x\n", &var2  ); 
   return 0; 
} 

When the above code is compiled and executed, it produces result something as follows: 

Address of var1 variable: bff5a400 
Address of var2 variable: bff5a3f6 

So you understood what is memory address and how to access it, so base of the concept is over. 
Now let us see what is a pointer. 

What Are Pointers? 

A pointer is a variable whose value is the address of another variable, i.e., direct address of the 
memory location. Like any variable or constant, you must declare a pointer before you can use it 
to store any variable address. The general form of a pointer variable declaration is: 

type *var-name; 

Here, type is the pointer's base type; it must be a valid C data type and var-name is the name of 
the pointer variable. The asterisk * you used to declare a pointer is the same asterisk that you use 
for multiplication. However, in this statement the asterisk is being used to designate a variable as 
a pointer. Following are the valid pointer declaration: 
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int    *ip;    /* pointer to an integer */ 
double *dp;    /* pointer to a double */ 
float  *fp;    /* pointer to a float */ 
char   *ch     /* pointer to a character */ 

The actual data type of the value of all pointers, whether integer, float, character, or otherwise, is 
the same, a long hexadecimal number that represents a memory address. The only difference 
between pointers of different data types is the data type of the variable or constant that the 
pointer points to. 

How to use Pointers? 

There are few important operations, which we will do with the help of pointers very frequently. 
(a) we define a pointer variable (b) assign the address of a variable to a pointer and (c) finally 
access the value at the address available in the pointer variable. This is done by using unary 
operator * that returns the value of the variable located at the address specified by its operand. 
Following example makes use of these operations: 

#include <stdio.h> 
int main () 
{ 
   int  var = 20;   /* actual variable declaration */ 
   int  *ip;        /* pointer variable declaration */ 
   ip = &var;  /* store address of var in pointer variable*/ 
   printf("Address of var variable: %x\n", &var  ); 
   /* address stored in pointer variable */ 
   printf("Address stored in ip variable: %x\n", ip ); 
   /* access the value using the pointer */ 
   printf("Value of *ip variable: %d\n", *ip ); 
   return 0; 
} 

When the above code is compiled and executed, it produces result something as follows: 

Address of var variable: bffd8b3c 
Address stored in ip variable: bffd8b3c 
Value of *ip variable: 20 

NULL Pointers in C 

It is always a good practice to assign a NULL value to a pointer variable in case you do not have 
exact address to be assigned. This is done at the time of variable declaration. A pointer that is 
assigned NULL is called a null pointer. 

The NULL pointer is a constant with a value of zero defined in several standard libraries. 
Consider the following program: 
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#include <stdio.h> 
int main () 
{ 
   int  *ptr = NULL; 
   printf("The value of ptr is : %x\n", ptr  ); 
   return 0; 
} 

When the above code is compiled and executed, it produces the following result: 

The value of ptr is 0 

On most of the operating systems, programs are not permitted to access memory at address 0 
because that memory is reserved by the operating system. However, the memory address 0 has 
special significance; it signals that the pointer is not intended to point to an accessible memory 
location. But by convention, if a pointer contains the null (zero) value, it is assumed to point to 
nothing. 

To check for a null pointer you can use an if statement as follows: 

if(ptr)     /* succeeds if p is not null */ 
if(!ptr)    /* succeeds if p is null */ 
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9. Application 
Dynamic Memory Management 

1.8 Variation in Pointer Declaration 

Declaring Pointers  

Pointers are variables that contain the memory addresses of objects or functions. Pointer 
variables are declared as a pointer type by using the asterisk punctuator and the data type of the 
object pointed to, as shown in the following syntax:  

pointer:  
   * type-qualifier-list(opt)  
   * type-qualifier-list(opt) pointer  

type-qualifier-list:  
   type-qualifier 
   type-qualifier-list type-qualifier 

By default, DEC C pointers are 32 bits long on OpenVMS systems and 64 bits long on Digital 
UNIX systems. Although their defaults are different, both OpenVMS Alpha and Digital UNIX 
systems support 32-bit (short) and 64-bit (long) pointers. DEC C provides qualifiers/switches 
and #pragma preprocessor directives to control pointer size.  

The type-qualifier is either const , volatile , __unaligned (Alpha), __restrict , or any combination 
thereof.  

An object of pointer type is declared as in the following example:  

char *px; 

In this example, identifier px is declared as a pointer to an object of type char . No type-qualifier 
is used in this example. The expression *px yields the char that px points to.  

The following declarations show the difference between a variable pointer to a constant, a 
constant pointer to a variable, and a constant pointer to a constant object.  

const int *ptr_to_constant;     /*  pointer variable pointing 
                                    to a const object         */ 
int *const constant_ptr;        /*  constant pointer to a 
                                    non-const object          */ 
const int *const constant_ptr;  /*  Const pointer to a 
                                    const object              */ 
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The contents of an object pointed to by ptr_to_constant cannot be modified through that pointer, 
but ptr_to_ constant itself can be changed to point to another const -qualified object. Similarly, 
the contents of the integer pointed to by constant_ptr can be modified, but constant_ptr itself will 
always point to the same location.  

The declaration of the constant pointer constant_ptr can be clarified by including a definition for 
the type pointer to int . The following example declares constant_ ptr as an object with type 
const-qualified pointer to int . The pointer's value (an address) is constant:  

typedef int *int_ptr; 
const int_ptr constant_ptr; 

The __unaligned data-type qualifier can be used in pointer definitions on Alpha systems. to 
indicate to the compiler that the data pointed to is not properly aligned on a correct address. (To 
be properly aligned, the address of an object must be a multiple of the size of the type. For 
example, 2-byte objects must be aligned on even addresses.)  

When data is accessed through a pointer declared __unaligned , the compiler generates the 
additional code necessary to copy or store the data without causing alignment errors. It is best to 
avoid use of misaligned data altogether, but in some cases the usage may be justified by the need 
to access packed structures, or by other considerations.  

The __restrict data-type qualifier is used to designate a pointer as pointing to a distinct object, 
thus allowing compiler optimizations to be made  

Unless an extern or static pointer variable is explicitly initialized, it is initialized to a null pointer. 
A null pointer is a pointer value of 0. The contents of an uninitialized auto pointer are undefined.  

Declaring void Pointers  

A void pointer is a pointer without a specified data type to describe the object to which it points. 
In effect, it is a generic pointer. (Before the ANSI C standard, char * was used to define generic 
pointers; this practice is now discouraged by the ANSI standard because it is less portable.)  

A pointer to any type can be assigned to a void pointer without a cast, and vice versa. The 
following statements show how a void pointer can be assigned to other typed pointers, without 
explicit casts:  

float *float_pointer; 
void  *void_pointer; 
   . 
   . 
   . 
float_pointer = void_pointer; 
                                        /*    or,      */ 
void_pointer  = float_pointer; 
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A void pointer is often used in function calls, function arguments, or function prototypes when a 
parameter or return value is a pointer of an unknown type. Consider the following example, 
where a void pointer is used as a generic return value:  

void *memcpy (void *s1, const void *s2, size_t n); 
{ 
   void  *generic_pointer; 
   . 
   . 
   . 
/* The function return value can be a pointer to many types. */ 
 
generic_pointer = func_returning_pointer( arg1, arg2, arg3 ); 
   . 
   . 
   . 
/*  size_t is a defined type                                 */ 
} 

Initializing Pointers  

The pointer object can be initialized with a single expression. For example:  

int i = 10; 
int *p = &i;  /*  p is a pointer to int, initialized */ 
              /*  as holding the address of i        */ 

Without an initializer, the values of static and extern pointers are automatically initialized to null 
pointers (pointers to memory location 0).  
The following declaration defines p with type pointer to char , and initializes p to point to an 
object of type array of char with length 4, whose elements are initialized by a character string 
literal. (The null character is the fourth member of the array.) If an attempt is made to use p to 
modify the contents of the array, the behavior is undefined.  

char *p =  "abc"; 
 

 

 

 

 

 

www.studentsfocus.com



Sri Vidya College of Engineering & Technology - Virudhunagar 

CS6202/ Programming and Data Structures I  Page 49 
 

 

Sri Vidya College of Engineering and 
Technology 

Department of Information Technology 
 

Class / Sem I CSE, II Semester 
Subject Code  CS 6202 
Subject Programming and Data Structures I 
Prepared By T. Vithya 
Lesson Plan for Function Pointers 
Time: 45 Minutes 
Lesson. No 9/10 

1. Topics to be covered: Function Pointers 
2.    Skills Addressed    : Listening, Remembering 
3. Objectives of this Lesson Plan: 

To enable students to understand the function pointers. 
4. Outcome (s): 

At the end of the lesson the students will be able to:  
x Define function pointer. 
x Write a program using function pointer. 

5. Link Sheet:  
x What are function pointers? 
x Explain function pointer with an example. 

6. Evocation: (5 Minutes) 

  
7. Lecture Notes:  Enclosed here 
8. Textbook :  

x Brian W. Kernighan and Dennis M. Ritchie, “The C Programming Language”, 2nd 
Edition, Pearson Education, 1988. 

x Balagurusamy E, “ Programming and Data Structures”, Mcgraw Hill, 2014. 
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9. Application 
Code reuse. 

1.9 Function Pointers 

Function Pointers 
A function pointer is a variable that stores the address of a function that can later be 

called through that function pointer. This is useful because functions encapsulate behavior. For 
instance, every time you need a particular behavior such as drawing a line, instead of writing out 
a bunch of code, all you need to do is call the function. But sometimes you would like to choose 
different behaviors at different times in essentially the same piece of code. 

The following C program uses a function pointer to invoke one of two functions (sin or cos) 
indirectly from another function (compute_sum, computing an approximation of the function's 
Riemann integration). The program operates by having function main call function compute_sum 
twice, passing it a pointer to the library function sin the first time, and a pointer to function cos the 
second time. Function compute_sum in turn invokes one of the two functions indirectly by 
dereferencing its function pointer argument funcp multiple times, adding together the values that 
the invoked function returns and returning the resulting sum. The two sums are written to the 
standard output by main. 

#include <math.h> 
#include <stdio.h> 
  
// Function taking a function pointer as an argument 
double compute_sum(double (*funcp)(double), double lo, double hi) 
{ 
    double  sum = 0.0; 
  
    // Add values returned by the pointed-to function '*funcp' 
    for (int i = 0;  i <= 100;  i++) 
    { 
        double  x, y; 
  
        // Use the function pointer 'funcp' to invoke the function 
        x = i/100.0 * (hi - lo) + lo; 
        y = (*funcp)(x); 
        sum += y; 
    } 
    return (sum/100.0); 
} 
  
int main(void) 
{ 
    double  (*fp)(double);      // Function pointer 
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    double  sum; 
  
    // Use 'sin()' as the pointed-to function 
    fp = sin; 
    sum = compute_sum(fp, 0.0, 1.0); 
    printf("sum(sin): %f\n", sum); 
  
    // Use 'cos()' as the pointed-to function 
    fp = cos; 
    sum = compute_sum(fp, 0.0, 1.0); 
    printf("sum(cos): %f\n", sum); 
    return 0; 
} 

 

Example Uses of Function Pointers 

Functions as Arguments to Other Functions 
If you were to write a sort routine, you might want to allow the function's caller to choose the 
order in which the data is sorted; some programmers might need to sort the data in ascending 
order, others might prefer descending order while still others may want something similar to but 
not quite like one of those choices. One way to let your user specify what to do is to provide a 
flag as an argument to the function, but this is inflexible; the sort function allows only a fixed set 
of comparison types (e.g., ascending and descending).  
 
A much nicer way of allowing the user to choose how to sort the data is simply to let the user 
pass in a function to the sort function. This function might take two pieces of data and perform a 
comparison on them. We'll look at the syntax for this in a bit.  

Callback Functions 
Another use for function pointers is setting up "listener" or "callback" functions that are invoked 
when a particular event happens. The function is called, and this notifies your code that 
something of interest has taken place.  Why would you ever write code with callback functions? 
You often see it when writing code using someone's library. One example is when you're writing 
code for a graphical user interface (GUI). Most of the time, the user will interact with a loop that 
allows the mouse pointer to move and that redraws the interface. Sometimes, however, the user 
will click on a button or enter text into a field. These operations are "events" that may require a 
response that your program needs to handle. How can your code know what's happening? Using 
Callback functions! The user's click should cause the interface to call a function that you wrote 
to handle the event.  
 
To get a sense for when you might do this, consider what might happen if you were using a GUI 
library that had a "create_button" function. It might take the location where a button should 
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appear on the screen, the text of the button, and a function to call when the button is clicked. 
Assuming for the moment that C (and C++) had a generic "function pointer" type called 
function, this might look like this:  

void create_button( int x, int y, const char *text, function callback_func ); 
 
Whenever the button is clicked, callback_func will be invoked. Exactly what callback_func does 
depends on the button; this is why allowing the create_button function to take a function pointer 
is useful.  

Function Pointer Syntax 
The syntax for declaring a function pointer might seem messy at first, but in most cases it's really 
quite straight-forward once you understand what's going on. Let's look at a simple example:  

void (*foo)(int); 
 
In this example, foo is a pointer to a function taking one argument, an integer, and that returns 
void. It's as if you're declaring a function called "*foo", which takes an int and returns void; now, 
if *foo is a function, then foo must be a pointer to a function. (Similarly, a declaration like int *x 
can be read as *x is an int, so x must be a pointer to an int.)  
 
The key to writing the declaration for a function pointer is that you're just writing out the 
declaration of a function but with (*func_name) where you'd normally just put func_name.  

Reading Function Pointer Declarations 
Sometimes people get confused when more stars are thrown in:  

void *(*foo)(int *); 
 
Here, the key is to read inside-out; notice that the innermost element of the expression is *foo, 
and that otherwise it looks like a normal function declaration. *foo should refer to a function that 
returns a void * and takes an int *. Consequently, foo is a pointer to just such a function.  

Initializing Function Pointers 
To initialize a function pointer, you must give it the address of a function in your program. The 
syntax is like any other variable:  

#include <stdio.h> 
void my_int_func(int x) 
{ 
    printf( "%d\n", x ); 
} 
 
int main() 
{ 
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    void (*foo)(int); 
    /* the ampersand is actually optional */ 
    foo = &my_int_func; 
 
    return 0; 
} 
(Note: all examples are written to be compatible with both C and C++.)  

Using a Function Pointer 
To call the function pointed to by a function pointer, you treat the function pointer as though it 
were the name of the function you wish to call. The act of calling it performs the dereference; 
there's no need to do it yourself:  

#include <stdio.h> 
void my_int_func(int x) 
{ 
    printf( "%d\n", x ); 
} 
 
 
int main() 
{ 
    void (*foo)(int); 
    foo = &my_int_func; 
 
    /* call my_int_func (note that you do not need to write (*foo)(2) ) */ 
    foo( 2 ); 
    /* but if you want to, you may */ 
    (*foo)( 2 ); 
 
    return 0; 
} 
Note that function pointer syntax is flexible; it can either look like most other uses of pointers, 
with & and *, or you may omit that part of syntax. This is similar to how arrays are treated, 
where a bare array decays to a pointer, but you may also prefix the array with & to request its 
address. 
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1. Topics to be covered: Functions with variable number of arguments 
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1.10 Functions with variable number of arguments 

Sometimes it becomes necessary to write a function with variable number of arguments. That is 
we do not have an idea of how many arguments a function can have beforehand. The best 
example for this is the venerated printf(...) function which takes any number of arguments form 
user and prints a character string in the console window. 

Have you noticed one thing with printf(...), whatever might be the number of arguments that we 
pass to this function the first argument is always same, the (char *) type. So, if you would like to 
write a function with variable number of arguments, it is necessary to fix the first operand of the 
function signature (formal arguments of a function are called as signature of that function). 

I will try to explain you to write a function with variable number of arguments by taking two 
examples.  
Example 1: Finding an Average of some numbers  
Example 2: Writing your own printf() function  
 
Example 1:  

For finding an average of some numbers you might not know how many arguments will be 
passed in to the function. One way you could make the function would be to accept a pointer to 
an array like Avg(float vars[]). 

Another way would be to write a function that can take any number of arguments. So you would 
write Avg(4, 12.2, 23.3, 33.3, 12.1); or you might write Avg(2, 2.3, 34.4); 

To use a function with variable number of arguments, or more precisely, a function without a set 
number of arguments, you would use the stdarg.h header file. Just add this line #include 
<stdarg.h> on the top of your cpp file or in the stdafx.h file if you are programming in windows 
environment. 

There are four parts needed in writing a function with variable number of arguments. va_list, 
which stores the list of arguments passed to the function, va_start, which initializes the starting 
argument of the list of arguments, va_arg, which returns the next argument from the list and 
va_end, which cleans up the memory allocated to the arguments in the list that is passed to the 
function. 

Function Declaration: In the normal way write the function name as you wish and give it a return 
type that you want. Here there will be a small change in the function signature about the way we 
need to write it. Write the first argument of the function as usually and as a second argument you 
should place an ellipsis (which looks like '...'). So, int Avg(int x, ...) would tell the compiler that 
the function should accept however many arguments that the programmer uses, as long as it is 
equal to at least one and that too the defined one. In this case the first argument should be int. 

va_list is like any type name that can be used to declare a variable. For example, va_list list; 
Here list stores the list of arguments that we pass to the function. 
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va_start is a macro which accepts two arguments. The first argument should be a va_list 
variable that we declare and the second should be the name of the variable that directly precedes 
the ellipsis (...) in our function declaration. 

In our case, in he function Ang, to initialize a list with va_start, you would write va_start(list, x); 

va_arg takes a va_list and a variable type, and returns the next argument in the list in the form of 
whatever variable type it is told. 

It then moves down the list to the next argument. For example, va_arg(list, double) will return 
the next argument, assuming it exists, in the form of a double. The next time it is called, it will 
return the argument following the last returned number, if one exists. 

To show how each of the parts works, take an example Average function. 

#include <stdarg.h> 
#include <iostream.h> 
 
double Avg(int num, ...) 
{ 
  va_list arguments;     
  //A variable to store the list of arguments passed to the function 
 
  va_start(arguments, num);    
  //Initializing arguments to store all values passed into the function after num 
 
  int sum=0;                                           
 
  for(int x=0; x<num; x++)                     
       sum+=va_arg(arguments, double);   
       //Adds the next value in argument list to sum. You can replace the type name 
       double with int or float. 
   
  va_end(arguments);     
  //Cleans up the list 
 
  return sum/(double)num;    
  //Returns the average computed(typecast prevents trunctation) 
} 
 
int main() 
{ 
  cout<<average(3, 12.2, 22.3, 4.5)endl; 
 
  cout<<average(5, 3.3, 2.2, 1.1, 5.5, 3.3)<<endl; 
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  return 0; 
} 

Example 2: 

Writing your own printf Function: 

After trying some crazy things on how to write a printf, efficiently with fewer lines of code, I got 
this and I use it in all my OpenGL programs to display Rasterised Bitmap Fonts in the OpenGL 
context. 

The function uses the same things that are explained above. So, direct code for function would be 
sufficient I guess. 

int Printf(char *formatString, ...) 
{ 
 char *buf=new char[255]; //declare array on heap or on stack like char buf[255] 
  
 /* limilation: Here the final string you are going to print should be less than 255 

characters  wide or whatever the length you declare there. It's not a wise thing to have 
unlimited size or variable size, but you can have it by changing the above.*/ 

 
 /* declaration to char *buf="\0"; initializing to NULL character is important as it 

indicates the End of String or terminating character.*/ 
  
 va_list arguments; 
  
 va_start(arguments, formatString); 
  
 int strLength=_vsnprintf(buf, strlen(buf), formatString, arguments); 
  
 PrintString(buf); 
 /* This function parses the string character by character and displays equivalent Bitmap 

Font on the Screen. Each character is a display list. This function is particularly useful 
for OpenGL programmers.*/ 

  
 va_end arguments; 
  
 delete [ ] buf; 
  
 return strLength; 
} 

It isn't necessarily a good idea to use a variable argument list at all times, because, potential 
exists for assuming a value of one type, while it is in fact another, such as a NULL pointer being 
assumed to be an integer. 
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