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PREFACE  
 

 It gives us great pleasure in publishing this text book on "Data Structure and Files" for 

the students of Second Year Degree Course in Information Technology. This book is strictly 

written according to New Revised Credit System Syllabus of Savitribai Phule Pune 

University (2015 Pattern). 

 As per the policy of the University, Engineering Syllabi is revised every five years. Last 

revision was in the year 2012. New revision is coming little earlier, as university has 

introduced Online System of Examination from year 2012. 

 As per the New Credit System, the Online Examinations Phase-I will be conducted 

based on First & Second Units and Phase II on Third & Fourth Units. The Online 

examinations will have objective types of questions with multiple choices. End Sem. Theory 

Examination will be based on all the six units and that will be conducted in traditional way 

and the Theory Course will have 4 credits. 

 It is our objective to keep the presentation systematic, consistent, intensive and clear 

presentation of concept through explanatory notes and figures. So we are sure that this 

book will cater for all your needs for this subject. 

 Main feature of this book is, Complete Coverage of the New Credit System Syllabus 

with large number of Worked (Solved) Programs Examples and Exercises.  

 We have given Separate Book of Multiple Choice Questions (MCQ’s) which will be 

very useful to the students especially for Online Examinations. 

 We take this opportunity to express our sincere thanks to Shri. Dineshbhai Furia,  Shri. 

Jignesh Furia, Mrs. Nirali Verma and Shri. M. P. Munde and entire team of Nirali Prakashan 

namely Mrs. Deepali Lachake (Co-ordinator), who really have taken keen interest and 

untiring efforts in publishing this text. 

 The advice and suggestions of our esteemed readers to improve the text are most 

welcomed, and will be highly appreciated. 

 

   

  

Pune      Authors 
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Unit I  

CHAPTER 1 

STACKS  
 

 

1.1 INTRODUCTION  

Stack is a linear data structure where the element which is inserted last can only be taken 

out first. Thus, it is called LIFO (Last In First Out) type of data structure. 

Stack is also defined as a data structure where all addition and deletion are made only at 

one end called top. It is similar to a real life situation of stack of things. If we keep things 

stacked one on to the another, we can take out the thing at the top. Similarly, we can keep a 

new thing on the top. 

Stack can be implemented using : 

1. Arrays 

2. Linked lists 

Following four operations can be done on a stack : 

1. Push Operation : In this, an element is stored at a location indicated by top. 

2. Pop Operation : In this operation, the element at the top is removed. 

3. Stack Full : When all the locations reserved for stack are occupied, we can't insert any 

more elements. This condition is called as stack full condition. 

4. Stack Empty : When there is no element left on a stack, we can't pop any element. This 

condition is called as stack empty condition. 

1.2 STACK USING ARRAY  

To represent a stack using array, we require an array of some size to be declared say int a[4]. 

This will create a space for storing elements on stack. The size of the stack is 4. We will 

require one more variable say top which will be an index to the top element of the stack. 

Initially, the stack is empty. The variable top will be initialized to −1. 

Push Operation : 

Now, if we want to store a number 10 on the stack, we can increment top and the element 

10 will be stored at location a[0]. 
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a [3]

a [2]

a [1]

a [0] 10 top = 0

top = 1-

Push 10

 

Fig. 1.1 (a) : Push (10) 

Next, we store a number 20 on the stack, top will be incremented to 1 and element 20 will 

be stored at location a[1]. 

a [3]

a [2]

a [1]

a [0] 10

top = 1

Push 20

20

 

Fig. 1.1 (b) : Push (20) 

Next, we store a number 30 on the stack, top will be incremented to 2 and element 30 will 

be stored at location a[2]. 

a [3]

a [2]

a [1]

a [0] 10

top = 2

Push 3020

30

 

Fig. 1.1 (c) : Push (30) 

Next, we store a number 40 on the stack, top will be incremented to 3 and element 40 will 

be stored at location a[3]. 

a [3]

a [2]

a [1]

a [0] 10

top = 3

Push 40

20

30

40

 

Fig. 1.1 (d) : Push (40) 

Now there is no space left on the stack, hence, the stack is full. The condition for stack full is 

top becomes equal to maximum size of array –1. 
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Pop Operation : 

Now, suppose we want to remove an element from the stack, we can access element at the 

top which is given by the index value in top. Consider the stack where we have already 

pushed four elements. If we carry out pop operation, the element at the top i.e. 40 will be 

accessed and top is decremented to 2. 

a [3]

a [2]

a [1]

a [0] 10

top = 3

20

30

40

top = 2

x =  40

 

Fig. 1.2 (a) : x = pop( ) 

The next pop operation will remove 30 from the stack and top will be decremented to 1. 

a [3]

a [2]

a [1]

a [0] 10

top = 2

20

30

40

top = 1

x =  30

 

Fig. 1.2 (b) : x = pop( ) 

Another pop operation will remove 20 from the stack and top will be decremented to 0. 

a [3]

a [2]

a [1]

a [0] 10
top = 0

20

30

40

top = 1

x =  20

 

Fig. 1.2 (c) : x = pop( ) 

If the operation is carried out again, element 10 will be removed and top becomes −1. 

 

Fig. 1.2 (d) : x = pop( ) 
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Then we can't remove any more elements because stack is empty. The condition for stack 

empty is top = −1. The program for implementation of stack will require two functions push 

and pop whose algorithms areas follows : 

1.  Push (x) : 

 (i) If top == MAX −1 

   print "stack full"; 

 (ii) else 

   top ++; 

   a [top] = x; 

 (iii) Return. 

Every time we do a push operation, we need to increment top and store the data at the 

location given by top in the array. But before we do this operation, we must check whether 

the stack is full or not. Hence, the condition top == MAX −1. 

2. x = pop( ) : 

 (i) If top==−1 

   print "stack empty"; 

   return −9999; 

 (ii) else 

   x = a [top] 

   top −−; 

   return x; 

Every time we do a pop operation, we remove an element and then decrement top. But 

before we do this, we must check whether the stack is empty or not. Hence, the condition 

top == −1. Note that we are returning −9999 when stack is empty. This is an indication for 

the calling function, so that it takes appropriate action when the stack is empty. The 

complete program for stack implementation is as follows : 

Program 1.1 : To implement stack using array (Version 1) 

 #define MAX 5  

 int a [MAX]; 

 int top = −1; 

 void push (int x) 

 { 

  if (top == MAX – 1) 
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   printf("Stack is full");  

  else 

  { 

  top ++;  

  a[top]=x; 

  } 

 } 

 int pop( ) 

 { 

  int x; 

  if (top == −1) 

  { 

   print("Stack is empty \n");  

   return (−9999); 

  } 

  else 

  { 

   x = a[top];  

   top −−; 

   return (x); 

  } 

 } 

 main( ) 

 { 

  int ch, x;  

  do 

  { 

   clrscr( ); 

   printf(" 1. Push \n. 2. Pop \n. 3. Exit \n");  

   printf("Enter your choice \n"); 
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   scanf("%d", &ch); 

   switch (ch) 

   { 

    case 1 : printf("Enter a number \n"); 

     scanf("% d", &x); 

     push (x); 

     break; 

    case 2 : x = pop( ); 

     if (x!= −9999) 

      printf("% d", x); 

   } 

   getch( ); 

  } while (ch!=3); 

 } 

We can implement separate functions for stack full and stack empty conditions as follows :  

 int stk_full( ) 

 { 

  if (top == MAX −1) 

  { 

   printf("Stack full");  

   return (1); 

  } 

  else 

   return (0); 

 } 

The function returns 1 when stack is full otherwise 0.  

 int stk_empty( ) 

 { 

  if (top == −1) 

  { 
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