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Chapter 1. Analysis of Algorithms 
 

Whether we are designing an algorithm or applying one that is widely accepted, it is important to 
understand how the algorithm will perform. There are a number of ways we can look at an 
algorithm's performance, but usually the aspect of most interest is how fast the algorithm will 
run. In some cases, if an algorithm uses significant storage, we may be interested in its space 
requirement as well. Whatever the case, determining how an algorithm performs requires a 
formal and deterministic method. 

Worst-Case Analysis 
 

Most algorithms do not perform the same in all cases; normally an algorithm's performance 
varies with the data passed to it. Typically, three cases are recognized: the best case, worst case, 
and average case. For any algorithm, understanding what constitutes each of these cases is an 
important part of analysis because performance can vary significantly between them. Consider 
even a simple algorithm such as linear search. Linear search is a natural but inefficient search 
technique in which we look for an element simply by traversing a set from one end to the other. 
In the best case, the element we are looking for is the first element we inspect, so we end up 
traversing only a single element. In the worst case, however, the desired element is the last one 
we inspect, in which case we end up traversing all of the elements. On average, we can expect to 
find the element somewhere in the middle. 

Reasons for Worst-Case Analysis 

A basic understanding of how an algorithm performs in all cases is important, but usually we are 
most interested in how an algorithm performs in the worst case. There are four reasons why 
algorithms are generally analyzed by their worst case: 

 Many algorithms perform to their worst case a large part of the time. For example, the 
worst case in searching occurs when we do not find what we are looking for at all. 
Imagine how frequently this takes place in some database applications. 

 The best case is not very informative because many algorithms perform exactly the same 
in the best case. For example, nearly all searching algorithms can locate an element in 
one inspection at best, so analyzing this case does not tell us much. 



 Determining average-case performance is not always easy. Often it is difficult to 
determine exactly what the "average case" even is. Since we can seldom guarantee 
precisely how an algorithm will be exercised, usually we cannot obtain an average-case 
measurement that is likely to be accurate. 

 The worst case gives us an upper bound on performance. Analyzing an algorithm's worst 
case guarantees that it will never perform worse than what we determine. Therefore, we 
know that the other cases must perform at least as well. 

 

O-Notation 

O -notation is the most common notation used to express an algorithm's performance in a formal 
manner. Normally we express an algorithm's performance as a function of the size of the data it 
processes. That is, for some data of size n, we describe its performance with some function f (n). 
However, while in many cases we can determine f exactly, usually it is not necessary to be this 
precise. Primarily we are interested only in the growth rate of f, which describes how quickly the 
algorithm's performance will degrade as the size of the data it processes becomes arbitrarily 
large. An algorithm's growth rate, or order of growth, is significant because ultimately it 
describes how efficient the algorithm is for arbitrary inputs. O -notation reflects an algorithm's 
order of growth. 

Simple Rules for O-Notation 

When we look at some function f (n) in terms of its growth rate, a few things become apparent. 
First, we can ignore constant terms because as the value of n becomes larger and larger, 
eventually constant terms will become insignificant. These ideas are formalized in the following 
simple rules for expressing functions in O -notation. 

 Constant terms are expressed as O (1). When analyzing the running time of an algorithm, 
apply this rule when you have a task that you know will execute in a certain amount of 
time regardless of the size of the data it processes. Formally stated, for some constant c: 

O(c) = O(1) 

 Multiplicative constants are omitted. When analyzing the running time of an algorithm, 
apply this rule when you have a number of tasks that all execute in the same amount of 
time. For example, if three tasks each run in time T (n) = n, the result is O (3n), which 
simplifies to O (n). Formally stated, for some constant c: 

O(cT) = cO(T) = O(T) 

 Addition is performed by taking the maximum. When analyzing the running time of an 
algorithm, apply this rule when one task is executed after another. For example, if T1(n) = 
n and T2(n) = n2 describe two tasks executed sequentially, the result is O (n) + O (n2), 
which simplifies to O (n2). Formally stated: 



O(T1)+O(T1+T2) = max (O(T1), O(T2)) 

 Multiplication is not changed but often is rewritten more compactly. When analyzing the 
running time of an algorithm, apply this rule when one task causes another to be executed 
some number of times for each iteration of itself. For example, in a nested loop whose 
outer iterations are described by T1 and whose inner iterations by T2, if T1(n) = n and 
T2(n) = n, the result is O (n)O (n), or O (n2). Formally stated: 

O(T1)O(T2) = O(T1 T2) 

O-Notation Example and Why It Works 

For now, let's look at a specific example demonstrating why they work so well in describing a 
function's growth rate. Suppose we have an algorithm whose running time is described by the 
function T (n) = 3n2 + 10n + 10. Using the rules of O -notation, this function can be simplified 
to: 

O(T(n)) = O(3n2 + 10n + 10) = O(3n2) = O(n2) 

This indicates that the term containing n2 will be the one that accounts for most of the running 
time as n grows arbitrarily large. We can verify this quantitatively by computing the percentage 
of the overall running time that each term accounts for as n increases. For example, when n = 10, 
we have the following: 

Running time for 3n2: 3(10)2/(3(10)2 + 10(10) + 10) = 73.2%  
Running time for 10n: 10(10)/(3(10)2 + 10(10) + 10) = 24.4%  
Running time for 10: 10/(3(10)2 + 10(10) + 10) = 2.4%  

Already we see that the n2 term accounts for the majority of the overall running time. Now 
consider when n = 100: 

Running time for 3n2: 3(100)2/(3(100)2 + 10(100) + 10) = 96.7% (Higher)  
Running time for 10n: 10(100)/(3(100)2 + 10(100) + 10) = 3.2% (Lower)  
Running time for 10: 10/(3(100)2 + 10(100) + 10) < 0.1% (Lower)  

Here we see that this term accounts for almost all of the running time, while the significance of 
the other terms diminishes further. Imagine how much of the running time this term would 
account for if n were 106!  

Computational Complexity 

When speaking of the performance of an algorithm, usually the aspect of interest is its 
complexity, which is the growth rate of the resources (usually time) it requires with respect to the 
size of the data it processes. O -notation describes an algorithm's complexity. Using O -notation, 
we can frequently describe the worst-case complexity of an algorithm simply by inspecting its 



overall structure. Other times, it is helpful to employ techniques involving recurrences and 
summation formulas and statistics. 

If some subset of the statements is executed in a loop, the costs of the subset must be multiplied 
by the number of iterations. Consider an algorithm consisting of k = 6 statements. If statements 
3, 4, and 5 are executed in a loop from 1 to n and the other statements are executed sequentially, 
the overall cost of the algorithm is: 

T(n) = c1 + c2 + n(c3 + c4 + c5) + c6 

Using the rules of O -notation, this algorithm's complexity is O (n) because the constants are not 
significant. Analyzing an algorithm in terms of these constant costs is very thorough. Only two 
steps need to be performed: we must determine which parts of the algorithm depend on data 
whose size is not constant, and then derive functions that describe the performance of each part. 
All other parts of the algorithm execute with a constant cost and can be ignored in figuring its 
overall complexity. 

Its complexity, says little about the actual time the algorithm will take to run. In other words, just 
because an algorithm has a low growth rate does not necessarily mean it will execute in a small 
amount of time. In fact, complexities have no real units of measurement at all. They describe 
only how the resource being measured will be affected by a change in data size. For example, 
saying that T (n) is O (n) conveys only that the algorithm's running time varies proportionally to 
n, and that n is an upper bound for T (n) within a constant factor. Formally, we say that T (n) ≤cn, where c is a constant factor that accounts for various costs not associated with the data, 
such as the type of computer on which the algorithm is running, the compiler used to generate 
the machine code, and constants in the algorithm itself. 

Some Situations Wherein Common Complexities Occur  

 



The Growth Rates of the Complexities 

 

 

A graphical depiction of the growth rates 

 

Just as the complexity of an algorithm says little about its actual running time, it is important to 
understand that no measure of complexity is necessarily efficient or inefficient. Although 
complexity is an indication of the efficiency of an algorithm, whether a particular complexity is 
considered efficient or inefficient depends on the problem. Generally, an efficient algorithm is 
one in which we know we are doing the best we can do given certain criteria. Typically, an 



algorithm is said to be efficient if there are no algorithms with lower complexities to solve the 
same problem and the algorithm does not contain excessive constants. Some problems are 
intractable, so there are no "efficient" solutions without settling for an approximation. This is 
true of a special class of problems called NP-complete problems (see the related topics at the end 
of the chapter). 

Although an algorithm's complexity is an important starting point for determining how well it 
will perform, often there are other things to consider in practice. For example, when two 
algorithms are of the same complexity, it may be worthwhile to consider their less significant 
terms and factors. If the data on which the algorithms' performances depend is small enough, 
even an algorithm of greater complexity with small constants may perform better in practice than 
one that has a lower order of complexity and larger constants. Other factors worth considering 
are how complicated an algorithm will be to develop and maintain, and how we can make the 
actual implementation of an algorithm more efficient. An efficient implementation does not 
always affect an algorithm's complexity, but it can reduce constant factors, which makes the 
algorithm run faster in practice. 

Analysis Example: Insertion Sort 

This section presents an analysis of the worst-case running time of insertion sort, a simple 

sorting algorithm that works by inserting elements into a sorted set by scanning the set to 

determine where each new element belongs. 

We begin by identifying which lines of code are affected by the size of the data to be sorted. 
These are the statements that constitute the nested loop, whose outer part iterates from 1 to size 
- 1 and whose inner part iterates from j - 1 to wherever the correct position for the element being 
inserted is found. All other lines run in a constant amount of time, independent of the number of 
elements to be sorted. Typically, the generic variable n is used to refer to the parameter on which 
an algorithm's performance depends. With this in mind, the outer loop has a running time of T 
(n) = n - 1, times some constant amount of time. Examining the inner loop and considering the 
worst case, we assume that we will have to go all the way to the other end of the array before 
inserting each element into the sorted set. Therefore, the inner loop iterates once for the first 
element, twice for the second, and so forth until the outer loop terminates. Effectively, this 
becomes a summation from 1 to n - 1, which results in a running time of T (n) = (n (n + 1)/2) - n, 
times some constant amount of time. (This equation is from the well-known formula for 
summing a series from 1 to n.) Consequently:  

 



 

Implementation of Insertion Sort 

/***************************************************************

************** 

*                                                                            

* 

*  ------------------------------- issort.c --------------------

-----------  * 

*                                                                            

* 

****************************************************************

*************/ 

 

#include <stdlib.h> 

#include <string.h> 

 

#include "sort.h" 

 

/***************************************************************

************** 

*                                                                            

* 

*  -------------------------------- issort ---------------------

-----------  * 

*                                                                            

* 

****************************************************************

*************/ 

 

int issort(void *data, int size, int esize, int (*compare)(const 

void *key1,  

   const void *key2)) { 

 

char               *a = data; 

 

void               *key; 

 

int                i, 

                   j; 

 

/***************************************************************

************** 

*                                                                            

* 



*  Allocate storage for the key element.                                     

* 

*                                                                            

* 

****************************************************************

*************/ 

 

if ((key = (char *)malloc(esize)) == NULL) 

   return -1; 

 

/***************************************************************

************** 

*                                                                            

* 

*  Repeatedly insert a key element among the sorted elements.                

* 

*                                                                            

* 

****************************************************************

*************/ 

 

for (j = 1; j < size; j++) { 

 

   memcpy(key, &a[j * esize], esize); 

   i = j - 1; 

 

   

/***************************************************************

*********** 

   *                                                                         

* 

   *  Determine the position at which to insert the key element.             

* 

   *                                                                         

* 

   

****************************************************************

**********/ 

 

   while (i >= 0 && compare(&a[i * esize], key) > 0) { 

 

      memcpy(&a[(i + 1) * esize], &a[i * esize], esize); 

      i--; 

 

   } 

 

   memcpy(&a[(i + 1) * esize], key, esize); 



 

} 

 

/***************************************************************

************** 

*                                                                            

* 

*  Free the storage allocated for sorting.                                   

* 

*                                                                            

* 

****************************************************************

*************/ 

 

free(key); 

 

return 0; 

 

} 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2. Recursion And Memory Management 
 

Recursion is a powerful principle that allows something to be defined in terms of smaller 

instances of itself. 

In computing, recursion is supported via recursive functions. A recursive function is a function 

that calls itself. Each successive call works on a more refined set of inputs, bringing us closer 

and closer to the solution of a problem. 

 

Type of recursion 

Basic recursion  

A powerful principle that allows a problem to be defined in terms of smaller and smaller 
instances of itself. In computing, we solve problems defined recursively by using 
recursive functions, which are functions that call themselves. 

Tail recursion  

A form of recursion for which compilers are able to generate optimized code. Most 
modern compilers recognize tail recursion. Therefore, we should make use of it whenever 
we can. 

Basic Recursion 

To begin, let's consider a simple problem that normally we might not think of in a recursive way. 
Suppose we would like to compute the factorial of a number n. The factorial of n, written n!, is 
the product of all numbers from n down to 1. For example, 4! = (4)(3)(2)(1). One way to 
calculate this is to loop through each number and multiply it with the product of all preceding 
numbers. This is an iterative approach, which can be defined more formally as: 

n! = (n)(n - 1)(n - 2) . . . (1) 

Another way to look at this problem is to define n! as the product of smaller factorials. To do 
this, we define n! as n times the factorial of n - 1. Of course, solving (n - 1)! is the same problem 
as n!, only a little smaller. If we then think of (n - 1)! as n - 1 times (n - 2)!, (n - 2)! as n - 2 times 
(n - 3)!, and so forth until n = 1, we end up computing n!. This is a recursive approach, which 
can be defined more formally as: 

1 if n=0,n=1 

F(n)=    

              nF(n-1)   if n>1 

Computing 4! recursively 



 

Implementation of a Function for Computing Factorials Recursively 

int fact(int n) 

 { 

 

if (n < 0) 

   return 0; 

else if (n == 0) 

   return 1; 

else if (n == 1) 

   return 1; 

else 

   return n * fact(n - 1); 

} 

 

 

The stack of a C program while computing 4! recursively 

 
 

Tail Recursion 



A recursive function is said to be tail recursive if all recursive calls within it are tail recursive. A 
recursive call is tail recursive when it is the last statement that will be executed within the body 
of a function and its return value is not a part of an expression. 

To understand how tail recursion works, let's revisit computing a factorial recursively. First, it is 
helpful to understand the reason the previous definition was not tail recursive. Recall that the 
original definition computed n! by multiplying n times (n - 1)! in each activation, repeating this 
for n = n - 1 until n = 1. This definition was not tail recursive because the return value of each 
activation depended on multiplying n times the return value of subsequent activations. Therefore, 
the activation record for each call had to remain on the stack until the return values of subsequent 
calls were determined. Now consider a tail-recursive definition for computing n!, which can be 
defined formally as: 

     a  if n=0,n=1 

F(n,a)=  

    F(n-1,na) if n>1\ 

Computing 4! in a tail-recursive manner 

 

Implementation of a Function for Computing Factorials in a Tail-Recursive Manner 

int facttail(int n, int a) { 

 

 

if (n < 0) 

   return 0; 

else if (n == 0) 

   return 1; 

else if (n == 1) 

   return a; 

else 



   return facttail(n - 1, n * a); 

 

} 

 

RECURSION vs ITERATION 
Recursion of course is an elegant programming technique, but not the best way to solve a 
problem, even if it is recursive in nature. This is due to the following reasons: 
1. It requires stack implementation. 
2. It makes inefficient utilization of memory, as every time a new recursive call is made a new 
set of local variables is allocated to function. 
3. Moreover it also slows down execution speed, as function calls require jumps, and saving the 
current state of program onto stack before jump. 
Though inefficient way to solve general problems, it is too handy in several problems as 
discussed in the starting of this chapter. It provides a programmer with certain pitfalls, and quite 
sharp concepts about programming. Moreover recursive functions are often easier to implement 
d maintain, particularly in case of data structures which are by nature recursive. Such data 
structures are queues, trees, and linked  
 
 



lists. Given below are some of the important points, which differentiate iteration from 

recursion.

 

DISADVANTAGES OF RECURSION 
1. It consumes more storage space because the recursive calls along with automatic variables are 
stored on the stack. 
2. The computer may run out of memory if the recursive calls are not checked. 
3. It is not more efficient in terms of speed and execution time. 
4. According to some computer professionals, recursion does not offer any concrete advantage 
over non-recursive procedures/functions. 
5. If proper precautions are not taken, recursion may result in non-terminating iterations. 
6. Recursion is not advocated when the problem can be through iteration. Recursion may be 

treated as a software tool to be applied carefully and selectively. 

 

TOWER OF HANOI 
So far we have discussed the comparative definition and disadvantages of recursion with 
examples. Now let us look at the Tower of Hanoi problem and see how we can use recursive 
technique to produce a logical and elegant solution. The initial setup of the problem is shown 
below. Here three pegs (or towers) X, Y and Z exists. There will be four different sized disks, 
say A, B, C and D. Each disk has a hole in the center so that it can be stacked on any of the pegs. 
At the beginning, the disks are stacked on the X peg, that is the largest sized disk on the bottom 
and the smallest sized disk on top as shown in Fig.  



 

Here we have to transfer all the disks from source peg X to the destination peg Z by 
using an intermediate peg Y. Following are the rules to be followed during transfer : 
1. Transferring the disks from the source peg to the destination peg such that at any point of 
transformation no large size disk is placed on the smaller one. 
2. Only one disk may be moved at a time. 
3. Each disk must be stacked on any one of the pegs. 

Now Tower of Hanoi problem can be solved as shown below : 

 



 

 



 

 



 

 



 

 



 

 

We can generalize the solution to the Tower of Hanoi problem recursively as follows : 
To move n disks from peg X to peg Z, using Y as auxiliary peg: 
1. If n = 1, move the single disk from X to Z and stop. 
2. Move the top(n – 1) disks from the peg X to the peg Y, using Z as auxiliary. 
3. Move nth disk to peg Z. 

4. Now move n – 1 disk from Y to Z, using Z as auxiliary. 

PROGRAM   

//PROGRAM TO SIMULATE THE TOWER OF HANOI PROBLEM 



//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
int NoDisk; 
char FromTower,ToTower,AuxTower; 
 
void hanoi(int NoDisk,char FromTower,char ToTower, char AuxTower) 
{ 
//if only one disk, make the move and return 
if (NoDisk == 1) 
{ 
Printf(“Move from disk 1 from tower  %c to tower %c”,FromTower,ToTower); 
return; 
} 
//Move top n–1 disks from X to Y, using Z as auxiliary tower 
hanoi(NoDisk–1,FromTower,AuxTower,ToTower); 
//Move remaining disk from X to Z 
Printf(“Move from disk  %d from tower %c to tower %c”,NoDisk,FromTower,ToTower); 
//Move n–1 disk from Y to Z using X as auxiliary tower 
hanoi(NoDisk–1,AuxTower,ToTower,FromTower); 
return; 
} 
void main() 
{ 
int No; 
clrscr(); 
printf(“\n\t\t\t--- Tower of Hanoi ---\n”); 
//Imput the number of disk in the tower 
Printf(“\n\nEnter the number of disks = ”); 
Scanf(“%d”,&No); 
//We assume that the towers are X, Y and Z 
Ob.hanoi(No,‘X’,‘Z’,‘Y’); 
printf(“\n\nPress any key to continue...”); 
getch(); 

} 

 

Memory Management 

A memory or store is required in a computer to store programs (or information or data). Data 
used by the variables in a program is also loaded into memory for fast access. A memory is made 
up of a large number of cells, where each cell is capable of storing one bit. The cells may be 
organized as a set of addressable words, each word storing a sequence of bits. These addressable 
memory cells should be managed effectively to increase its utilization. That is memory 



management is to handle request for storage (that is new memory allocations for a variable or 
data) and release of storage (or freeing the memory) in most effective manner. While designing a 
program the programmer should concentrate on 
to allocate memory when it is required and to deallocate once its use is over. In other words, 
dynamic data structure provides flexibility in adding, deleting or rearranging data item at run-
time. Dynamic memory management techniques permit us to allocate additional memory space 
or to release unwanted space at run-time, thus optimizing the use of storage space. Next topic 
will give you a brief introduction about thestorage management, static as well as dynamic 
functions available in C. 
 

MEMORY ALLOCATION IN C 
 
There are two types of memory allocations in C: 
1. Static memory allocation or Compile time 
2. Dynamic memory allocation or Run time 
In static or compile time memory allocations, the required memory is allocated to the variables at 
the beginning of the program. Here the memory to be allocated is fixed and is determined by the 
compiler at the compile time itself. For example int i, j; //Two bytes per (total 2) integer 
variables 
float a[5], f; //Four bytes per (total 6) floating point variables When the first statement is 
compiled, two bytes for both the variable ‘i’ and ‘j’ will be allocated. Second statement will 
allocate 20 bytes to the array A [5 elements of floating point type, i.e., 5 4] and four bytes for 
the variable ‘f ’. But static memory allocation has following drawbacks. 
If you try to read 15 elements, of an array whose size is declared as 10, then first 10 values and 
other five consecutive unknown random memory values will be read. Again if you try to assign 
values to 15 elements of an array whose size is declared as 10, then first 10 elements can be 
assigned and the other 5 elements cannot be assigned/accessed. The second problem with static 
memory allocation is that if you store less number of elements than the number of elements for 
which you have declared memory, and then the rest of the memory will be wasted. That is the 
unused memory cells are not made available to other applications (or process which is running 
parallel to the program) and its status is set as allocated and not free. This leads to the inefficient 
use of memory. The dynamic or run time memory allocation helps us to overcome this problem. 
It makes efficient use of memory by allocating the required amount of memory whenever is 
needed. In most of the real time problems, we cannot predict the memory requirements.  
Dynamic memory allocation does the job at run time. 
C provides the following dynamic allocation and de-allocation functions : 
(i) malloc( ) (ii) calloc( ) 
(iii) realloc( ) (iv) free( ) 
 

 ALLOCATING A BLOCK OF MEMORY 
The malloc( ) function is used to allocate a block of memory in bytes. The malloc function 
returns a pointer of any specified data type after allocating a block of memory of specified size. 
It is of the form 
ptr = (int_type *) malloc (block_size) ‘ptr’ is a pointer of any type ‘int_type’ byte size is the 
allocated area of memory block.  



For example 
ptr = (int *) malloc (10 * sizeof (int)); 
On execution of this statement, 10 times memory space equivalent to size of an ‘int’ byte is 
allocated and the address of the first byte is assigned to the pointer variable ‘ptr’ of type ‘int’. 
Remember the malloc() function allocates a block of contiguous bytes. The allocation can fail if 
the space in the heap is not sufficient to satisfy the request. If it fails, it returns a NULL pointer. 
So it is always better to check whether the memory allocation is successful or not before we use 
the newly allocated memory pointer. Next program will illustrate the same. 

 

PROGRAM  

 
//THIS IS A PROGRAM TO FIND THE SUM OF n ELEMENTS USING 
//DYNAMIC MEMORY ALLOCATION 
#include<stdio.h> 
#include<conio.h> 
#include<process.h> 
//Defining the NULL pointer as zero 
#define NULL 0 
void main() 
{ 
int i,n,sum; 
//Allocate memory space for two-integer pointer variable 
int *ptr,*ele; 
clrscr(); //Clear the screen 
printf(“\nEnter the number of the element(s) to be added = ”); 
scanf(“%d”,&n); //Enter the number of elements 
//Allocating memory space for n integers of int type to *ptr 
ptr=(int *)malloc(n*sizeof(int)); 
//Checking whether the memory is allocated successfully 
if(ptr == NULL) 
{ 
printf(“\n\nMemory allocation is failed”); 
exit(0); 
} 
//Reading the elements to the pointer variable *ele 
for(ele=ptr,i=1;ele<(ptr+n);ele++,i++) 
{ 
printf(“Enter the %d element = ”,i); 
scanf(“%d”,ele); 
} 
//Finding the sum of n elements 
for(ele=ptr,sum=0;ele<(ptr+n);ele++) 
sum=sum+(*ele); 
printf(“\n\nThe SUM of no(s) is = %d”,sum); 
getch(); 
} 



Similarly, memory can be allocated to structure variables. For example 
struct Employee 
{ 
int Emp_Code; 
char Emp_Name[50]; 
float Emp_Salary; 
}; 
Here the structure is been defined with three variables. 
struct Employee *str_ptr; 
str_ptr = (struct Employee *) malloc(sizeof (struct Employee)); 
When this statement is executed, a contiguous block of memory of size 56 bytes (2 bytes for 
integer employee code, 50 bytes for character type Employee Name and 4 bytes for floating 
point type Employee Salary) will be allocated. 
 

ALLOCATING MULTIPLE BLOCKS OF MEMORY 
 
The calloc() function works exactly similar to malloc() function except for the fact that it needs 
two arguments as against one argument required by malloc() function. While malloc() function 
allocates a single block of memory space, calloc() function allocates multiple blocks of memory, 
each of the same size, and then sets all bytes to zero. The general form of calloc() function is 
ptr = (int_type*) calloc(n sizeof (block_size)); 
ptr = (int_type*) malloc(n* (sizeof (block_size)); 
The above statement allocates contiguous space for ‘n’ blocks, each of size of block_size bytes. 
All bytes are initialized to zero and a pointer to the first byte of the allocated memory block is 
returned. If there is no sufficient memory space, a NULL pointer is returned. For example 
ptr = (int *) calloc(25, 4); 
ptr = (int *) calloc(25,sizeof (float)); 
Here, in the first statement the size of data type in byte for which allocation is to be made (4 
bytes for a floating point numbers) is specified and 25 specifies the number of elements for 
which allocation is to be made. 
Note : The memory allocated using malloc() function contains garbage values, the memory 

allocated by calloc() function contains the value zero. 

 

RELEASING THE USED SPACE 
 
Dynamic memory allocation allocates block(s) of memory when it is required and deallocates or 
releases when it is not in use. It is important and is our responsibility to release the memory 
block for future use when it is not in use, using free() function. The free() function is used to 
deallocate the previously allocated memory using malloc() or calloc() function. The syntax of 
this function is free(ptr); ‘ptr’ is a pointer to a memory block which has already been allocated 
by malloc() or calloc() functions. Trying to release an invalid pointer may create problems and 
cause system crash. 

 

 

 



 

RESIZE THE SIZE OF A MEMORY BLOCK 
 
In some situations, the previously allocated memory is insufficient to run the correct application, 
i.e., we want to increase the memory space. It is also possible that the memory allocated is much 
larger than necessary, i.e., we want to reduce the memory space. In both the cases we want to 
change the size of the allocated memory block and this can be done by realloc() function. This 
process is called reallocation of the memory. The syntax of this function is 
ptr = realloc(ptr, New_Size) 
Where ‘ptr’ is a pointer holding the starting address of the allocated memory block. And 
New_Size is the size in bytes that the system is going to reallocate. Following example will 
elaborate the concept of reallocation of memory. 

ptr = (int *) malloc(sizeof (int)); 

ptr = (int *) realloc(ptr, sizeof (int)); Both the statements are same 

ptr = (int *) realloc(ptr, 2); 
ptr = (int *) realloc(ptr, sizeof (float)); 
ptr = (int *) realloc(ptr, 4);  Both the statements are same 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 3:The Stack 

 
A stack is one of the most important and useful non-primitive linear data structure in computer 
science. It is an ordered collection of items into which new data items may be added/inserted and 
from which items may be freed at only one end, called the top of the stack. As all the addition 
and deletion in a stack is done from the top of the stack, the last added element will be first 
removed from the stack. That is why the stack is also called Last-in-First-out (LIFO). Note that 
the most frequently accessible element in the stack is the top most elements, whereas the least 
accessible element is the bottom of the stack. The operation of the stack can be illustrated as in 
Fig 

 

 

 
 

 Stack operation. 
The insertion (or addition) operation is referred to as push, and the deletion (or remove) 
operation as pop. A stack is said to be empty or underflow, if the stack contains no 26elements. 
At this point the top of the stack is present at the bottom of the stack. And it is overflow when the 



stack becomes full, i.e., no other elements can be pushed onto the stack. At this point the top 
pointer is at the highest location of the stack. 
 

OPERATIONS PERFORMED ON STACK 
 
The primitive operations performed on the stack are as follows: 
PUSH: The process of adding (or inserting) a new element to the top of the stack is called PUSH 
operation. Pushing an element to a stack will add the new element at the top. After every push 
operation the top is incremented by one. If the array is full and no new element can be 
accommodated, then the stack overflow condition occurs.  
POP: The process of deleting (or removing) an element from the top of stack is called POP 
operation. After every pop operation the stack is decremented by one. If there is no element in 
the stack and the pop operation is performed then the stack underflow condition occurs. 
 

STACK IMPLEMENTATION 
 
Stack can be implemented in two ways: 
1. Static implementation (using arrays) 
2. Dynamic implementation (using pointers) 
Static implementation uses arrays to create stack. Static implementation using arrays is a very 
simple technique but is not a flexible way, as the size of the stack has to be declared during the 
program design, because after that, the size cannot be varied (i.e., increased or decreased). 
Moreover static implementation is not an efficient method when resource optimization is 
concerned (i.e., memory utilization). For example a stack is implemented with array size 50. 
That is before the stack operation begins, memory is allocated for the array of size 50. Now if 
there are only few elements (say 30) to be stored in the stack, then rest of the statically allocated 
memory (in this case 20) will be wasted, on the 
other hand if there are more number of elements to be stored in the stack (say 60) then we cannot 
change the size array to increase its capacity. The above said limitations can be overcome by 
dynamically implementing (is also called linked list representation) the stack using pointers. 
 

STACK USING ARRAYS 
 
Implementation of stack using arrays is a very simple technique. Algorithm for pushing (or add 
or insert) a new element at the top of the stack and popping (or free) an element from the stack is 
given below. 
 

Algorithm for push 
 
Suppose STACK[SIZE] is a one dimensional array for implementing the stack, which will hold 
the data items. TOP is the pointer that points to the top most element of the stack. Let DATA is 
the data item to be pushed. 
1. If TOP = SIZE – 1, then: 
(a) Display “The stack is in overflow condition” 



(b) Exit 
2. TOP = TOP + 1 
3. STACK [TOP] = ITEM 
4. Exit 
 

Algorithm for pop 
 
Suppose STACK[SIZE] is a one dimensional array for implementing the stack, which will hold 
the data items. TOP is the pointer that points to the top most element of the stack. DATA is the 
popped (or freed) data item from the top of the stack. 
1. If TOP < 0, then 
(a) Display “The Stack is empty” 
(b) Exit 
2. Else remove the Top most element 
3. DATA = STACK[TOP] 
4. TOP = TOP – 1 
5. Exit 
 

PROGRAM  

 
//THIS PROGRAM IS TO DEMONSTRATE THE OPERATIONS PERFORMED 
//ON THE STACK AND IT IS IMPLEMENTATION USING ARRAYS 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<conio.h> 
//Defining the maximum size of the stack 
#define MAXSIZE 100 
//Declaring the stack array and top variables in a structure 
struct stack 
{ 
int stack[MAXSIZE]; 
int Top; 
}; 
//type definition allows the user to define an identifier that would 
//represent an existing data type. The user-defined data type identifier 
//can later be used to declare variables. 
typedef struct stack NODE; 
//This function will add/insert an element to Top of the stack 
void push(NODE *pu) 
{ 
int item; 
//if the top pointer already reached the maximum allowed size then 
//we can say that the stack is full or overflow 
if (pu->Top == MAXSIZE–1) 
{ 



printf(“\nThe Stack Is Full”); 
getch(); 
} 
//Otherwise an element can be added or inserted by 
//incrementing the stack pointer Top as follows 
else 
{ 
printf(“\nEnter The Element To Be Inserted = ”); 
scanf(“%d”,&item); 
pu->stack[++pu->Top]=item; 
} 
} 
//This function will free an element from the Top of the stack 
void pop(NODE *po) 
{ 
int item; 
//If the Top pointer points to NULL, then the stack is empty 
//That is NO element is there to free or pop 
if (po->Top == -1) 
printf(“\nThe Stack Is Empty”); 
//Otherwise the top most element in the stack is popped or 
//freed by decrementing the Top pointer 
else 
{ 
item=po->stack[po->Top--]; 
printf(“\nThe Freed Element Is = %d”,item); 
} 
} 
//This function to print all the existing elements in the stack 
void traverse(NODE *pt) 
{ 
int i; 
//If the Top pointer points to NULL, then the stack is empty 
//That is NO element is there to free or pop 
if (pt->Top == -1) 
printf(“\nThe Stack is Empty”); 
//Otherwise all the elements in the stack is printed 
else 
{ 
printf(“\n\nThe Element(s) In The Stack(s) is/are...”); 
for(i=pt->Top; i>=0; i--) 
printf (“\n %d”,pt->stack[i]); 
} 
} 
void main( ) 
{ 



int choice; 
char ch; 
//Declaring an pointer variable to the structure 
NODE *ps; 
//Initializing the Top pointer to NULL 
ps->Top=–1; 
do 
{ 
clrscr(); 
//A menu for the stack operations 
printf(“\n1. PUSH”); 
printf(“\n2. POP”); 
printf(“\n3. TRAVERSE”); 
printf(“\nEnter Your Choice = ”); 
scanf (“%d”, &choice); 
switch(choice) 
{ 
case 1://Calling push() function by passing 
//the structure pointer to the function 
push(ps); 
break; 
case 2://calling pop() function 
pop(ps); 
break; 
case 3://calling traverse() function 
traverse(ps); 
break; 
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default: 
printf(“\nYou Entered Wrong Choice”) ; 
} 
printf(“\n\nPress (Y/y) To Continue = ”); 
//Removing all characters in the input buffer 
//for fresh input(s), especially <<Enter>> key 
fflush(stdin); 
scanf(“%c”,&ch); 
}while(ch == 'Y' || ch == 'y'); 
} 
 
 
 

APPLICATIONS OF STACKS 
There are a number of applications of stacks; three of them are discussed briefly in the preceding 
sections. Stack is internally used by compiler when we implement (or execute) any recursive 
function. If we want to implement a recursive function non-recursively, stack is programmed 



explicitly. Stack is also used to evaluate a mathematical expression  and to check the parentheses 
in an expression. 
 

EXPRESSION 
 
Another application of stack is calculation of postfix expression. There are basically three types 
of notation for an expression (mathematical expression; An expression is defined as the number 
of operands or data items combined with several operators.) 
1. Infix notation 
2. Prefix notation 
3. Postfix notation 
The infix notation is what we come across in our general mathematics, where the operator is 
written in-between the operands. For example : The expression to add two numbers A and B is 
written in infix notation as: 
A + B 
Note that the operator ‘+’ is written in between the operands A and B. The prefix notation is a 
notation in which the operator(s) is written before the operands, it is also called polish notation in 
the honor of the polish mathematician JanLukasiewicz who developed this notation. The same 
expression when written in prefix notation looks like: 
+ A B 
As the operator ‘+’ is written before the operands A and B, this notation is called prefix (pre 
means before). In the postfix notation the operator(s) are written after the operands, so it is called 
the postfix notation (post means after), it is also known as suffix notation or reverse polish 

notation. The above expression if written in postfix expression looks like: 
A B + 
The prefix and postfix notations are not really as awkward to use as they might look. For 
example, a C function to return the sum of two variables A and B (passed as argument) is called 
or invoked by the instruction: 
add(A, B) 
Note that the operator add (name of the function) precedes the operands A and B. Because the 
postfix notation is most suitable for a computer to calculate any expression (due to its reverse 
characteristic), and is the universally accepted notation for designing 
Arithmetic and Logical Unit (ALU) of the CPU (processor). Therefore it is necessary to study 
the postfix notation. Moreover the postfix notation is the way computer looks towards arithmetic 
expression, any expression entered into the computer is first converted into postfix notation, 
stored in stack and then calculated. In the preceding sections we will study the conversion of the 
expression from one notation to other. 

Advantages of using postfix notation 
Human beings are quite used to work with mathematical expressions in infix notation, which is 
rather complex. One has to remember a set of nontrivial rules while using this notation and it 
must be applied to expressions in order to determine the final value. These rules include 
precedence, BODMAS, and associativity. Using infix notation, one cannot tell the order in which 
operators should be applied. 
Whenever an infix expression consists of more than one operator, the precedence rules 
(BODMAS) should be applied to decide which operator (and operand associated with that 



operator) is evaluated first. But in a postfix expression operands appear before the operator, so 
there is no need for operator precedence and other rules. As soon as an operator appears in the 
postfix expression during scanning of postfix expression the topmost operands are popped off 
and are calculated by applying the encountered operator. Place the result back onto the stack; 
likewise at the end of the whole operation the final result will be there in the stack. 

Notation Conversions 
Let A + B * C be the given expression, which is an infix notation. To calculate this expression 
for values 4, 3, 7 for A, B, C respectively we must follow certain rule (called BODMAS in 
general mathematics) in order to have the right result. For example: 
A + B * C = 4 + 3 * 7 = 7 * 7 = 49 
The answer is not correct; multiplication is to be done before the addition, because multiplication 
has higher precedence over addition. This means that an expression is 

calculated according to the operator’s precedence not the order as they look like. The error 

in the above calculation occurred, since there were no braces to define the precedence of the 
operators. Thus expression A + B * C can be interpreted as A + (B * C). Using this alternative 
method we can convey to the computer that multiplication has higher precedence over addition. 
Operator precedence 

  

CONVERTING INFIX TO POSTFIX EXPRESSION 
The method of converting infix expression A + B * C to postfix form is: 
A + B * C Infix Form 
A + (B * C) Parenthesized expression 
A + (B C *) Convert the multiplication 
A (B C *) + Convert the addition 
A B C * + Postfix form 
The rules to be remembered during infix to postfix conversion are: 
1. Parenthesize the expression starting from left to light. 
2. During parenthesizing the expression, the operands associated with operator 
having higher precedence are first parenthesized. For example in the above expression 
B * C is parenthesized first before A + B. 
3. The sub-expression (part of expression), which has been converted into postfix, 
is to be treated as single operand. 
4. Once the expression is converted to postfix form, remove the parenthesis. 
Problem. Give postfix form for A + [ (B + C) + (D + E) * F ] / G 

Solution. Evaluation order is 
A + { [ (BC +) + (DE +) * F ] / G} 
A + { [ (BC +) + (DE + F *] / G} 
A + { [ (BC + (DE + F * +] / G} . 



A + [ BC + DE + F *+ G / ] 
ABC + DE + F * + G / + Postfix Form 
Give postfix form for (A + B) * C / D + E ^ A / B 

Solution. Evaluation order is 
[(AB + ) * C / D ] + [ (EA ^) / B ] 
[(AB + ) * C / D ] + [ (EA ^) B / ] 
[(AB + ) C * D / ] + [ (EA ^) B / ] 
 (AB + ) C * D / (EA ^) B / + 
AB + C * D / EA ^ B / + Postfix Form 
Algorithm 
Suppose P is an arithmetic expression written in infix notation. This algorithm finds the 
equivalent postfix expression Q. Besides operands and operators, P (infix notation) may also 
contain left and right parentheses. We assume that the operators in P consists of only exponential 
( ^ ), multiplication ( * ), division ( / ), addition ( + ) and subtraction ( - ). The algorithm uses a 
stack to temporarily hold the operators and left parentheses. The postfix expression Q will be 
constructed from left to right using the operands from P and operators, which are removed from 
stack. We begin by pushing a left parenthesis onto stack and adding a right parenthesis at the end 
of P. the algorithm is completed when the 
stack is empty. 
1. Push “(” onto stack, and add“)” to the end of P. 
2. Scan P from left to right and repeat Steps 3 to 6 for each element of P until the 
stack is empty. 
3. If an operand is encountered, add it to Q. 
4. If a left parenthesis is encountered, push it onto stack. 
5. If an operator is encountered, then: 
(a) Repeatedly pop from stack and add P each operator (on the top of stack), 
which has the same precedence as, or higher precedence than . 
(b) Add to stack. 
6. If a right parenthesis is encountered, then: 
(a) Repeatedly pop from stack and add to P (on the top of stack until a left 
parenthesis is encountered. 
(b) Remove the left parenthesis. [Do not add the left parenthesis to P.] 
7. Exit. 
Note. Special character is used to symbolize any operator in P. 
Consider the following arithmetic infix expression P 
P = A + ( B / C - ( D * E ^ F ) + G ) * H 
Fig. 3.20 shows the character (operator, operand or parenthesis) scanned, status of 
the stack and postfix expression Q of the infix expression P. 



 

 

PROGRAM 

//THIS PROGRAM IS TO COVERT THE INFIX TO POSTFIX EXPRESSION 
//STACK IS USED AND IT IS IMPLEMENTATION USING ARRAYS 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<conio.h> 
#include<string.h> 
//Defining the maximum size of the stack 
#define MAXSIZE 100 
//Declaring the stack array and top variables in a structure 
struct stack 
{ 
char stack[MAXSIZE]; 



int Top; 
}; 
//type definition allows the user to define an identifier that would 
//represent an existing data type. The user-defined data type identifier 
//can later be used to declare variables. 
typedef struct stack NODE; 

//This function will add/insert an element to Top of the stack 
void push(NODE *pu,char item) 
{ 
//if the top pointer already reached the maximum allowed size then 
//we can say that the stack is full or overflow 
if (pu->Top == MAXSIZE-1) 
{ 
printf(“\nThe Stack Is Full”); 
getch(); 
} 
//Otherwise an element can be added or inserted by 
//incrementing the stack pointer Top as follows 
else 
pu->stack[++pu->Top]=item; 
} 
//This function will free an element from the Top of the stack 
char pop(NODE *po) 
{ 
char item=‘#’; 
//If the Top pointer points to NULL, then the stack is empty 
//That is NO element is there to free or pop 
if(po->Top == –1) 
printf(“\nThe Stack Is Empty. Invalid Infix expression”); 
//Otherwise the top most element in the stack is poped or 
//freed by decrementing the Top pointer 
else 
item=po->stack[po->Top--]; 
return(item); 
} 
//This function returns the precedence of the operator 
int prec(char symbol) 
{ 
switch(symbol) 
{ 
case '(': 
return(1); 
case ')': 
return(2); 
case '+': 



case '-': 
return(3); 
case '*': 
case '/': 
case '%': 
return(4); 
case '^': 
return(5); 
default: 
return(0); 
} 
} 
//This function will return the postfix expression of an infix 
void Infix_Postfix(char infix[]) 
{ 
int len,priority; 
char postfix[MAXSIZE],ch; 
//Declaring an pointer variable to the structure 
NODE *ps; 
//Initializing the Top pointer to NULL 
ps->Top=–1; 
//Finding length of the string 
len=strlen(infix); 
//At the end of the string inputting a parenthesis ')' 
infix[len++]=')'; 
push(ps,'(');//Parenthesis is pushed to the stack 
for(int i=0,j=0;i<len;i++) 
{ 
switch(prec(infix[i])) 
{ 
//Scanned char is '(' push to the stack 
case 1: 
push(ps,infix[i]); 
break; 
//Scanned char is ')' pop the operator(s) and add to //the postfix 
expression 
case 2: 
ch=pop(ps); 
while(ch != '(') 
{ 

postfix[j++]=ch; 
ch=pop(ps); 
} 
break; 
//Scanned operator is +,– then pop the higher or same 
//precedence operator to add postfix before pushing 



//the scanned operator to the stack 
case 3: 
ch=pop(ps); 
while(prec(ch) >= 3) 
{ 
postfix[j++]=ch; 
ch=pop(ps); 
} 
push(ps,ch); 
push(ps,infix[i]); 
break; 
//Scanned operator is *,/,% then pop the higher or 
//same precedence operator to add postfix before 
//pushing the scanned operator to the stack 
case 4: 
ch=pop(ps); 
while(prec(ch) >= 4) 
{ 
postfix[j++]=ch; 
ch=pop(ps); 
} 
push(ps,ch); 
push(ps,infix[i]); 
break; 
//Scanned operator is ^ then pop the same 
//precedence operator to add to postfix before pushing 
//the scanned operator to the stack 
case 5: 
ch=pop(ps); 
while(prec(ch) == 5) 
{ 
postfix[j++]=ch; 
ch=pop(ps); 
} 
push(ps,ch); 
push(ps,infix[i]); 
break; 

//Scanned char is a operand simply add to the postfix 
//expression 
default: 
postfix[j++]=infix[i]; 
break; 
} 
} 
//Printing the postfix notation to the screen 
printf (“\nThe Postfix expression is = ”); 



for(i=0;i<j;i++) 
printf (“%c”,postfix[i]); 
} 
void main() 
{ 
char choice,infix[MAXSIZE]; 
do 
{ 
clrscr(); 
printf(“\n\nEnter the infix expression = ”); 
fflush(stdin); 
gets(infix);//Inputting the infix notation 
Infix_Postfix(infix);//Calling the infix to postfix function 
printf(“\n\nDo you want to continue (Y/y) =”); 
fflush(stdin); 
scanf(“%c”,&choice); 
}while(choice == 'Y' || choice == ‘y’); 
} 

EVALUATING POSTFIX EXPRESSION 
Following algorithm finds the RESULT of an arithmetic expression P written in postfix notation. 
The following algorithm, which uses a STACK to hold operands, evaluates P. 

Algorithm 
1. Add a right parenthesis “)” at the end of P. [This acts as a sentinel.] 
2. Scan P from left to right and repeat Steps 3 and 4 for each element of P until the 
sentinel “)” is encountered. 
3. If an operand is encountered, put it on STACK. 
4. If an operator is encountered, then: 
(a) Remove the two top elements of STACK, where A is the top element and B is 
the next-to-top element. 
(b) Evaluate B A. 
(c) Place the result on to the STACK. 
5. Result equal to the top element on STACK. 
6. Exit. 

PROGRAM 
//THIS PROGRAM IS TO EVALUATE POSTFIX EXPRESSION. THE STACK 
//IS USED AND IT IS IMPLEMENTATION USING ARRAYS 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<math.h> 
#include<conio.h> 
#include<string.h> 
//Defining the maximum size of the stack 
#define MAXSIZE 100 
//Declaring the stack array and top variables in a structure 
struct stack 



{ 
int stack[MAXSIZE]; 
int Top; 
}; 
//type definition allows the user to define an identifier that would 
//represent an existing data type. The user-defined data type identifier 
//can later be used to declare variables. 
typedef struct stack NODE; 
//This function will add/insert an element to Top of the stack 
void push(NODE *pu,int item) 
{ 
//if the top pointer already reached the maximum allowed size then 
//we can say that the stack is full or overflow 
if (pu->Top == MAXSIZE-1) 
{ 
printf(“\nThe Stack Is Full”); 
getch(); 
} 
//Otherwise an element can be added or inserted by 
//incrementing the stack pointer Top as follows 
else 
pu->stack[++pu->Top]=item; 
} 
//This function will free an element from the Top of the stack 
int pop(NODE *po) 
{ 
int item; 
//If the Top pointer points to NULL, then the stack is empty 
//That is NO element is there to free or pop 
if (po->Top == –1) 
printf(“\nThe Stack Is Empty. Invalid Infix expression”); 
//Otherwise the top most element in the stack is poped or 
//freed by decrementing the Top pointer 
else 
item=po->stack[po->Top--]; 
return(item); 
} 
//This function will return the postfix expression of an infix 
int Postfix_Eval(char postfix[]) 
{ 
int a,b,temp,len; 
//Declaring an pointer variable to the structure 
NODE *ps; 
//Initializing the Top pointer to NULL 
ps->Top=–1; 
//Finding length of the string 



len=strlen(postfix); 
for(int i=0;i<len;i++) 
{ 
if(postfix[i]<='9' && postfix[i]>='0') 
//Operand is pushed on the stack 
push(ps,(postfix[i]-48)); 
else 
{ 
//Pop the top most two operand for operation 
a=pop(ps); 
b=pop(ps); 
switch(postfix[i]) 
{ 
case '+': 
temp=b+a; break; 
case '-': 
temp=b–a;break; 
case '*': 
temp=b*a;break; 
case '/': 
temp=b/a;break; 
case '%': 
temp=b%a;break; 
case '^': 
temp=pow(b,a); 
}/*End of switch */ 
push(ps,temp); 
} 
} 
return(pop(ps)); 
} 
void main() 
{ 
char choice,postfix[MAXSIZE]; 
do 
{ 
clrscr(); 
printf(“\n\nEnter the Postfix expression = ”); 
fflush(stdin); 
gets(postfix);//Inputting the postfix notation 
printf(“\n\nThe postfix evaluation is = %d”,Postfix_Eval(postfix)); 
printf(“\n\nDo you want to continue (Y/y) =”); 
fflush(stdin); 
scanf(“%c”,&choice); 
}while(choice == ‘Y’ || choice == ‘y’); 
} 



Chapter 4  The Queues 
 
A queue is logically a first in first out (FIFO or first come first serve) linear data structure. The 
concept of queue can be understood by our real life problems. For example a customer come and 
join in a queue to take the train ticket at the end (rear) and the ticket is issued from the front end 
of queue. That is, the customer who arrived first will receive the ticket first. It means the 
customers are serviced in the order in which they arrive at the service centre. 
  It is a homogeneous collection of elements in which new elements are added at one end 
called rear, and the existing elements are freed from other end called front.The basic operations 
that can be performed on queue are 
1. Insert (or add) an element to the queue (push) 
2. Free (or remove) an element from a queue (pop) 
Push operation will insert (or add) an element to queue, at the rear end, by incrementing the array 
index. Pop operation will free (or remove) from the front end by decrementing the array index 
and will assign the freed value to a variable. Total numberof elements present in the queue is 
front-rear+1, when implemented using arrays. Following figure will illustrate the basic 
operations on queue. 

 



 



 

 
Queue can be implemented in two ways: 
1. Using arrays (static) 
2. Using pointers (dynamic) 
Implementation of queue using pointers will be discussed in chapter 5. Let us discuss underflow 
and overflow conditions when a queue is implemented using arrays. If we try to pop (or free or 
remove) an element from queue when it is empty, underflow occurs. It is not possible to free (or 
take out) any element when there is no element in the queue. Suppose maximum size of the 
queue (when it is implemented using arrays) is 50. If we try to push (or insert or add) an element 
to queue, overflow occurs. When queue is full it is naturally not possible to insert any more 
elements 
 

ALGORITHM FOR QUEUE OPERATIONS 
Let Q be the array of some specified size say SIZE 

INSERTING AN ELEMENT INTO THE QUEUE 
1. Initialize front=0 rear = –1 
2. Input the value to be inserted and assign to variable “data” 
3. If (rear >= SIZE) 



(a) Display “Queue overflow” 
(b) Exit 
4. Else 
(a) Rear = rear +1 
5. Q[rear] = data 
6. Exit 

DELETING AN ELEMENT FROM QUEUE 
1. If (rear< front) 
(a) Front = 0, rear = –1 
(b) Display “The queue is empty” 
(c) Exit 
2. Else 
(a) Data = Q[front] 
3. Front = front +1 
4. Exit 

PROGRAM: 
//PROGRAM TO IMPLEMENT QUEUE USING ARRAYS 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<stdio.h> 
#include<process.h> 
#define MAX 50 
int queue_arr[MAX]; 
int rear = –1; 
int front = –1; 
//This function will insert an element to the queue 
void insert () 
{ 
int added_item; 
if (rear==MAX-1) 
{ 
printf("\nQueue Overflow\n"); 
getch(); 
return; 
} 
else 
{ 
if (front==–1) /*If queue is initially empty */ 
front=0; 
printf(“\nInput the element for adding in queue: ”); 
scanf(“%d”, &added_item); 
rear=rear+1; 
//Inserting the element 
queue_arr[rear] = added_item ; 
} 
}/*End of insert()*/ 



//This function will free (or pop) an element from the queue 
void del() 
{ 
if (front == –1 || front > rear) 
{ 
printf ("\nQueue Underflow\n"); 
return; 
} 
else 
{ 
//freeing the element 
printf ("\nElement freed from queue is : %d\n", 
queue_arr[front]); 
front=front+1; 
} 
}/*End of del()*/ 
//Displaying all the elements of the queue 
void display() 
{ 
int i; 
//Checking whether the queue is empty or not 
if (front == –1 || front > rear) 
{ 
printf (“\nQueue is empty\n”); 
return; 
} 
else 
{ 
printf(“\nQueue is :\n”); 
for(i=front;i<= rear;i++) 
printf(“%d ”,queue_arr[i]); 
printf(“\n”); 
} 
}/*End of display() */ 
void main() 
{ 
int choice; 
while (1) 
{ 
clrscr();//Menu options 
printf(“\n1.Insert\n”); 
printf(“2.Free\n”); 
printf(“3.Display\n”); 
printf(“4.Quit\n”); 
printf(“\nEnter your choice:”); 
scanf(“%d”, & choice); 



switch(choice) 
{ 
case 1 : 
insert(); 
break; 
case 2: 
del(); 
getch(); 
break; 
case 3: 
display(); 
getch(); 
break; 
case 4: 
exit(1); 
default: 
printf (“\n Wrong choice\n”); 
getch(); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 
Suppose a queue Q has maximum size 5, say 5 elements pushed and 2 elements popped. 

 
Now if we attempt to add more elements, even though 2 queue cells are free, the 
elements cannot be pushed. Because in a queue, elements are always inserted at the rear 

end and hence rear points to last location of the queue array Q[4]. That is queue is full 
(overflow condition) though it is empty. This limitation can be overcome if we use circular 
queue. 
 

OTHER QUEUES 
There are three major variations in a simple queue. They are 
1. Circular queue 
2. Double ended queue (de-queue) 
3. Priority queue 
Priority queue is generally implemented using linked list. The other two queue variations are 
discussed in the following sections. 

CIRCULAR QUEUE 
In circular queues the elements Q[0],Q[1],Q[2] .... Q[n – 1] is represented in a circular fashion 
with Q[1] following Q[n]. A circular queue is one in which the insertion of a new element is 
done at the very first location of the queue if the last location at the queue is full. 



Suppose Q is a queue array of 6 elements. Push and pop operation can be performed on circular. 
The following figures will illustrate the same. 

 

 
After inserting an element at last location Q[5], the next element will be inserted at the very first 
location (i.e., Q[0]) that is circular queue is one in which the first element comes just after the 
last element. 



 
At any time the position of the element to be inserted will be calculated by the relation Rear = 
(Rear + 1) % SIZE After deleting an element from circular queue the position of the front end is 
calculated 
by the relation Front= (Front + 1) % SIZE After locating the position of the new element to be 
inserted, rear, compare it with front. If (rear = front), the queue is full and cannot be inserted 
anymore. 
 

ALGORITHMS 
 
Let Q be the array of some specified size say SIZE. FRONT and REAR are two pointers 
where the elements are freed and inserted at two ends of the circular queue. DATA is 
the element to be inserted. 

Inserting an element to circular Queue 
1. Initialize FRONT = – 1; REAR = 1 
2. REAR = (REAR + 1) % SIZE 
3. If (FRONT is equal to REAR) 
(a) Display “Queue is full” 
(b) Exit 
4. Else 
(a) Input the value to be inserted and assign to variable “DATA” 
5. If (FRONT is equal to – 1) 
(a) FRONT = 0 
(b) REAR = 0 
6. Q[REAR] = DATA 
7. Repeat steps 2 to 5 if we want to insert more elements 
8. Exit 
 



Deleting an element from a circular queue 
1. If (FRONT is equal to – 1) 
(a) Display “Queue is empty” 
(b) Exit 
2. Else 
(a) DATA = Q[FRONT] 
3. If (REAR is equal to FRONT) 
(a) FRONT = –1 
(b) REAR = –1 
4. Else 
(a) FRONT = (FRONT +1) % SIZE 
5. Repeat the steps 1, 2 and 3 if we want to free more elements 
6. Exit 

PROGRAM: 
/// PROGRAM TO IMPLEMENT CIRCULAR QUEUE USING ARRAY 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<process.h> 
#include<stdio.h> 
#define MAX 50 
int cqueue_arr[MAX]; 
int front=-1,rear=-1; 
 
 
void insert() 
{ 
int added_item; 
//Checking for overflow condition 
if ((front == 0 && rear == MAX-1) || (front == rear +1)) 
{ 
printf(“\nQueue Overflow \n”; 
getch(); 
return; 
} 
if (front == –1) /*If queue is empty */ 
{ 
front = 0; 
rear = 0; 
} 
else 
if (rear == MAX-1)/*rear is at last position of queue */ 
rear = 0; 
else 
rear = rear + 1; 
printf(“\nInput the element for insertion in queue:”); 
scanf(“%d”,&added_item); 



cqueue_arr[rear] = added_item; 
}/*End of insert()*/ 
//This function will free an element from the queue 
void del() 
{ 
//Checking for queue underflow 
if (front == –1) 
{ 
printf(“\nQueue Underflow\n”); 
return; 
} 
printf( “\nElement freed from queue is: %d”,cqueue_arr[front] \n” ); 
if (front == rear) /* queue has only one element */ 
{ 
front = –1; 
rear = –1; 
} 
else 
if(front == MAX-1) 
front = 0; 
else 
front = front + 1; 
}/*End of del()*/ 
 
//Function to display the elements in the queue 
void display() 
{ 
int front_pos = front,rear_pos = rear; 
//Checking whether the circular queue is empty or not 
if (front == –1) 
{ 
printf( “\nQueue is empty\n” ); 
return; 
} 
printf( “\nQueue elements:\n” ); 
if(front_pos <= rear_pos ) 
while(front_pos <= rear_pos) 
{ 
printf(“%d,”, cqueue_arr[front_pos] ); 
front_pos++; 
} 
else 
{ 
while(front_pos <= MAX-1) 
{ 
printf(“%d,”, cqueue_arr[front_pos] ); 



front_pos++; 
} 
front_pos = 0; 
while(front_pos <= rear_pos) 
printf(“%d,”, cqueue_arr[front_pos] ); 
front_pos++; 
} 
}/*End of else*/ 
printf( “\n” ); 
}/*End of display() */ 
void main() 
{ 
int choice; 
while(1) 
{ 
clrscr(); 
//Menu options 
cout <<“\n1.Insert\n”; 
cout <<“2.Free\n”; 
cout <<“3.Display\n"; 
cout <<“4.Quit\n”; 
cout <<“\nEnter your choice: ”; 
scanf(“choice; 
switch(choice) 
{ 
case 1: 
insert(); 
break; 
case 2 : 
del(); 
getch(); 
break; 
case 3: 
display(); 
getch(); 
break; 
case 4: 
exit(1); 
default: 
printf(“\nWrong choice\n”); 
getch(); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 
 
 



DEQUES 
A deque is a homogeneous list in which elements can be added or inserted (called push 
operation) and freed or removed from both the ends (which is called pop operation). ie; we can 
add a new element at the rear or front end and also we can remove an element from both front 
and rear end. Hence it is called Double Ended Queue. 
 

 
There are two types of deque depending upon the restriction to perform insertion or deletion 
operations at the two ends. They are 
1. Input restricted deque 
2. Output restricted deque 
An input restricted deque is a deque, which allows insertion at only 1 end, rear end, but allows 
deletion at both ends, rear and front end of the lists. An output-restricted deque is a deque, which 
allows deletion at only one end, front end, but allows insertion at both ends, rear and front ends, 
of the lists. 
The possible operation performed on deque is 
1. Add an element at the rear end 
2. Add an element at the front end 
3. Free an element from the front end 
4. Free an element from the rear end 
Only 1st, 3rd and 4th operations are performed by input-restricted deque and 1st, 2nd and 3rd 
operations are performed by output-restricted deque. 

 
ALGORITHMS FOR INSERTING AN ELEMENT 
 
Let Q be the array of MAX elements. front (or left) and rear (or right) are two array index 
(pointers), where the addition and deletion of elements occurred. Let DATA be the element to be 
inserted. Before inserting any element to the queue left and right pointer will point to the – 1. 
 

INSERT AN ELEMENT AT THE RIGHT SIDE OF THE DE-
QUEUE 
 
1. Input the DATA to be inserted 
2. If ((left == 0 && right == MAX–1) || (left == right + 1)) 
(a) Display “Queue Overflow” 



(b) Exit 
3. If (left == –1) 
(a) left = 0 
(b) right = 0 
4. Else 
(a) if (right == MAX –1) 
(i) left = 0 
(b) else 
(i) right = right+1 
5. Q[right] = DATA 
6. Exit 

INSERT AN ELEMENT AT THE LEFT SIDE OF THE DE-QUEUE 
1. Input the DATA to be inserted 
2. If ((left == 0 && right == MAX–1) || (left == right+1)) 
(a) Display “Queue Overflow” 
(b) Exit 
3. If (left == – 1) 
(a) Left = 0 
(b) Right = 0 
4. Else 
(a) if (left == 0) 
(i) left = MAX – 1 
(b) else 
(i) left = left – 1 
5. Q[left] = DATA 
6. Exit 
 

ALGORITHMS FOR DELETING AN ELEMENT 
 
Let Q be the array of MAX elements. front (or left) and rear (or right) are two array index 
(pointers), where the addition and deletion of elements occurred. DATA will contain the element 
just freed. 

 
FREE AN ELEMENT FROM THE RIGHT SIDE OF THE DE-
QUEUE 
1. If (left == – 1) 
(a) Display “Queue Underflow” 
(b) Exit 
2. DATA = Q [right] 
3. If (left == right) 
(a) left = – 1 
(b) right = – 1 
4. Else 
(a) if(right == 0) 
(i) right = MAX-1 



(b) else 
(i) right = right-1 
5. Exit 
 

FREE AN ELEMENT FROM THE LEFT SIDE OF THE DE-
QUEUE 
1. If (left == – 1) 
(a) Display “Queue Underflow” 
(b) Exit 
2. DATA = Q [left] 
3. If(left == right) 
(a) left = – 1 
(b) right = – 1 
4. Else 
(a) if (left == MAX-1) 
(i) left = 0 
(b) Else 
(i) left = left +1 
5. Exit 

 
PROGRAM: 
//PROGRAM TO IMPLEMENT INPUT AND OUTPUT 
//RESTRICTED DE-QUEUE USING ARRAYS 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<stdio.h> 
#include<process.h> 
#define MAX 50 
int deque_arr[MAX]; 
int left = –1; 
int right = –1; 
//This function will insert an element at the 
//right side of the de-queue 
void insert_right() 
{ 
int added_item; 
if ((left == 0 && right == MAX-1) || (left == right+1)) 
{ 
printf (“\nQueue Overflow\n”); 
getch(); 
return; 
} 
if (left == –1) /* if queue is initially empty */ 
{ 
left = 0; 



right = 0; 
} 
Else 
if(right == MAX-1) /*right is at last position of queue */ 
right = 0; 
else 
right = right+1; 
printf("\n Input the element for adding in queue: "); 
scanf (“%d”, &added_item); 
//Inputting the element at the right 
deque_arr[right] = added_item ; 
}/*End of insert_right()*/ 
//Function to insert an element at the left position 
//of the de-queue 
void insert_left() 
{ 
int added_item; 
//Checking for queue overflow 
if ((left == 0 && right == MAX-1) || (left == right+1)) 
{ 
printf ("\nQueue Overflow \n"); 
getch(); 
return; 
} 
if (left == –1)/*If queue is initially empty*/ 
{ 
left = 0; 
right = 0; 
} 
else 
if (left== 0) 
left = MAX –1; 
else 
left = left-1; 
printf("\nInput the element for adding in queue:"); 
scanf ("%d", &added_item); 
//inputting at the left side of the queue 
deque_arr[left] = added_item ; 
}/*End of insert_left()*/ 
//This function will free an element from the queue 
//from the left side 
void free_left() 
{ 
 
//Checking for queue underflow 
if (left == –1) 



{ 
printf("\nQueue Underflow\n"); 
return; 
} 
//deleting the element from the left side 
printf ("\nElement freed from queue is: %d\n",deque_arr[left]); 
if(left == right) /*Queue has only one element */ 
{ 
left = –1; 
right=–1; 
} 
else 
if (left == MAX-1) 
left = 0; 
else 
left = left+1; 
}/*End of free_left()*/ 
//Function to free an element from the right hand 
//side of the de-queue 
void free_right() 
{ 
//Checking for underflow conditions 
if (left == –1) 
{ 
printf(“\nQueue Underflow\n”); 
return; 
} 
printf(“\nElement freed from queue is : %d\n”,deque_arr[right]); 
if(left == right) /*queue has only one element*/ 
{ 
left = –1; 
right=–1; 
} 
else 
if (right == 0) 
right=MAX-1; 
else 
right=right-1; 
}/*End of free_right() */ 
//Displaying all the contents of the queue 
void display_queue() 
{ 
int front_pos = left, rear_pos = right; 
//Checking whether the queue is empty or not 
if (left == –1) 
{ 



printf (“\nQueue is empty\n”); 
return; 
} 
//displaying the queue elements 
printf ("\nQueue elements :\n"); 
if ( front_pos <= rear_pos ) 
{ 
while(front_pos <= rear_pos) 
{ 
printf (“%d ”,deque_arr[front_pos]); 
front_pos++; 
} 
} 
else 
{ 
while(front_pos <= MAX-1) 
{ 
printf(“%d ”,deque_arr[front_pos]); 
front_pos++; 
} 
front_pos = 0; 
while(front_pos <= rear_pos) 
{ 
printf (“%d ”,deque_arr[front_pos]); 
front_pos++; 
} 
}/*End of else */ 
printf (“\n”); 
}/*End of display_queue() */ 
//Function to implement all the operation of the 
//input restricted queue 
void input_que() 
{ 
int choice; 
while(1) 
{ 
clrscr(); 
//menu options to input restricted queue 
printf ("\n1.Insert at right\n"); 
printf ("2.Free from left\n"); 
printf ("3.Free from right\n"); 
printf ("4.Display\n"); 
printf ("5.Quit\n"); 
printf ("\nEnter your choice : "); 
scanf ("%d",&choice); 
switch(choice) 



{ 
case 1: 
insert_right(); 
break; 
case 2: 
free_left(); 
getch(); 
break; 
case 3: 
free_right(); 
getch(); 
break; 
case 4: 
display_queue(); 
getch(); 
break; 
case 5: 
exit(0); 
default: 
printf("\nWrong choice\n"); 
getch(); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of input_que() */ 
//This function will implement all the operation of the 
//output restricted queue 
void output_que() 
{ 
int choice; 
while(1) 
{ 
clrscr(); 
//menu options for output restricted queue 
printf (“\n1.Insert at right\n”); 
printf (“2.Insert at left\n”); 
printf (“3.Free from left\n”); 
printf (“4.Display\n”); 
printf (“5.Quit\n”); 
printf (“\nEnter your choice:”); 
scanf (“%d”,&choice); 
switch(choice) 
{case 1: 
insert_right(); 
break; 
case 2: 
insert_left(); 



break; 
case 3: 
free_left(); 
getch(); 
break; 
case 4: 
display_queue(); 
getch(); 
break; 
case 5: 
exit(0); 
default: 
printf(“\nWrong choice\n”); 
getch();}/*End of switch*/}/*End of while*/}/*End of output_que() */ 
void main() 
{ 
int choice; 
clrscr(); 
//Main menu options 
printf (“\n1.Input restricted dequeue\n”); 
printf (“2.Output restricted dequeue\n”); 
printf (“Enter your choice:”); 
scanf (“%d”,&choice); 
switch(choice) 
{ 
case 1: 
input_que(); 
break; 
case 2: 
output_que(); 
break; 
default: 
printf(“\nWrong choice\n”); 
}/*End of switch*/ 
}/*End of main()*/ 

APPLICATIONS OF QUEUE 
1. Round robin techniques for processor scheduling is implemented using queue. 
2. Printer server routines (in drivers) are designed using queues. 
3. All types of customer service software (like Railway/Air ticket reservation) are designed using 
queue to give proper service to the customers. 
 
 
 
 

 



Chapter 5 Linked List 

 

LINKED LIST 

 

 

 
Linked List representation in memory. 
 

Fig shows a schematic diagram of a linked list with 3 nodes. Each node is pictured with two 
parts. The left part of each node contains the data items and the right part represents the address 
of the next node; there is an arrow drawn from it to the next node. The next pointer of the last 
node contains a special value, called the NULL pointer, which does not point to any address of 
the node. That is NULL pointer indicates the end of the linked list. START pointer will hold the 
address of the 1st node in the list START = NULL if there is no list (i.e.; NULL list or empty 
list). 



 

REPRESENTATION OF LINKED LIST 
Suppose we want to store a list of integer numbers using linked list. Then it can be schematically 
represented as 
 

 
The linear linked list can be represented in memory with the following declaration. 
struct Node 
{ 
int DATA; //Instead of ‘DATA’ we also use ‘Info’ 
struct Node *Next; //Instead of ‘Next’ we also use ‘Link’ 
}; 
typedef struct Node *NODE; 

ADVANTAGES AND DISADVANTAGE S 
Linked list have many advantages and some of them are: 

1. Linked list are dynamic data structure. That is, they can grow or shrink during the execution of 
a program. 
2. Efficient memory utilization: In linked list (or dynamic) representation, memory is not pre-
allocated. Memory is allocated whenever it is required. And it is deallocated (or removed) when 
it is not needed. 
 
3. Insertion and deletion are easier and efficient. Linked list provides flexibility in inserting a 
data item at a specified position and deletion of a data item from the given position. 
4. Many complex applications can be easily carried out with linked list. Linked list has following 
disadvantages 
1. More memory: to store an integer number, a node with integer data and address field is 
allocated. That is more memory space is needed. 
2. Access to an arbitrary data item is little bit cumbersome and also time consuming. 
 

OPERATION ON LINKED LIST 
The primitive operations performed on the linked list are as follows 
1. Creation 
2. Insertion 
3. Deletion 
4. Traversing 
5. Searching 
6. Concatenation 
Creation operation is used to create a linked list. Once a linked list is created with one node, 
insertion operation can be used to add more elements in a node. 
Insertion operation is used to insert a new node at any specified location in the linked list. A new 
node may be inserted. 
(a) At the beginning of the linked list 
(b) At the end of the linked list 



(c) At any specified position in between in a linked list 
Deletion operation is used to free an item (or node) from the linked list. A node may be freed 
from the 
(a) Beginning of a linked list 
(b) End of a linked list  
(c) Specified location of the linked list 
Traversing is the process of going through all the nodes from one end to another end of a linked 
list. In a singly linked list we can visit from left to right, forward traversing, nodes only. But in 
doubly linked list forward and backward traversing is possible. 
Concatenation is the process of appending the second list to the end of the first list. Consider a 
list A having n nodes and B with m nodes. Then the operation concatenation will place the 1st 
node of B in the (n+1)th node in A. After concatenation A will contain (n+m) nodes 

TYPES OF LINKED LIST 
Basically we can divide the linked list into the following three types in the order in which they 
(or node) are arranged. 
1. Singly linked list 
2. Doubly linked list 
3. Circular linked list 

SINGLY LINKED LIST 
All the nodes in a singly linked list are arranged sequentially by linking with a pointer. A singly 
linked list can grow or shrink, because it is a dynamic data structure. Following figure explains 
the different operations on a singly linked list. 
 

 



 

 
 

ALGORITHM FOR INSERTING A NODE 

 
Suppose START is the first position in linked list. Let DATA be the element to be 
inserted in the new node. POS is the position where the new node is to be inserted. TEMP 
is a temporary pointer to hold the node address. 
Insert a Node at the beginning 
1. Input DATA to be inserted 
2. Create a NewNode 
3. NewNode DATA = DATA 
4. If (SATRT equal to NULL) 
(a) NewNode Link = NULL 



5. Else 
(a) NewNode Link = START 
6. START = NewNode 
7. Exit 
 

Insert a Node at the end 
1. Input DATA to be inserted 
2. Create a NewNode 
3. NewNode DATA = DATA 
4. NewNode Next = NULL 
8. If (SATRT equal to NULL) 
(a) START = NewNode 
 
9. Else 
(a) TEMP = START 
(b) While (TEMP Next not equal to NULL) 
(i) TEMP = TEMP Next 
10. TEMP Next = NewNode 
11. Exit 

Insert a Node at any specified position 
1. Input DATA and POS to be inserted 
2. intialise TEMP = START; and j = 0 
3. Repeat the step 3 while( k is less than POS) 
(a) TEMP = TEMP è Next 
(b) If (TEMP is equal to NULL) 
(i) Display “Node in the list less than the position” 
(ii) Exit 
(c) k = k + 1 
4. Create a New Node 
5. NewNode DATA = DATA 
6. NewNode Next = TEMP Next 
7. TEMP Next = NewNode 
8. Exit 

ALGORITHM FOR DELETING A NODE 
 

 



Suppose START is the first position in linked list. Let DATA be the element to be freed. TEMP, 
HOLD is a temporary pointer to hold the node address. 
1. Input the DATA to be freed 
2. if ((START DATA) is equal to DATA) 
(a) TEMP = START 
(b) START = START Next 
(c) Set free the node TEMP, which is freed 
(d) Exit 
3. HOLD = START 
4. while ((HOLD Next Next) not equal to NULL)) 
(a) if ((HOLD NEXT DATA) equal to DATA) 
(i) TEMP = HOLD Next 
(ii) HOLD Next = TEMP Next 
(iii) Set free the node TEMP, which is freed 
(iv) Exit 
(b) HOLD = HOLD Next 
5. if ((HOLD next DATA) == DATA) 
(a) TEMP = HOLD Next 
(b) Set free the node TEMP, which is freed 
(c) HOLD Next = NULL 
(d) Exit 
6. Disply “DATA not found” 
7. Exit 

ALGORITHM FOR SEARCHING A NODE 
Suppose START is the address of the first node in the linked list and DATA is the 
information to be searched. After searching, if the DATA is found, POS will contain the 
corresponding position in the list. 
1. Input the DATA to be searched 
2. Initialize TEMP = START; POS =1; 
3. Repeat the step 4, 5 and 6 until (TEMP is equal to NULL) 
4. If (TEMP DATA is equal to DATA) 
(a) Display “The data is found at POS” 
(b) Exit 
5. TEMP = TEMP Next 
6. POS = POS+1 
7. If (TEMP is equal to NULL) 
(a) Display “The data is not found in the list” 
8. Exit 

ALGORITHM FOR DISPLAY ALL NODES 
Suppose START is the address of the first node in the linked list. Following algorithm 
will visit all nodes from the START node to the end. 
1. If (START is equal to NULL) 
(a) Display “The list is Empty” 
(b) Exit 
2. Initialize TEMP = START 



3. Repeat the step 4 and 5 until (TEMP == NULL ) 
4. Display “TEMP DATA” 
5. TEMP = TEMP Next 
6. Exit 
 
 
 

PROGRAM: 
 

//THIS PROGRAM WILL IMPLEMENT ALL THE OPERATIONS 
//OF THE SINGLY LINKED LIST 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<conio.h> 
#include<malloc.h> 
#include<process.h> 
//Structure declaration for the node 
struct node 
{ 
int info; 
struct node *link; 
}*start; 
//This function will create a new linked list 
void Create_List(int data) 
{ 
struct node *q,*tmp; 
//Dynamic memory is been allocated for a node 
tmp= (struct node*)malloc(sizeof(struct node)); 
tmp->info=data; 
tmp->link=NULL; 
if(start==NULL) /*If list is empty*/ 
start=tmp; 
else 
{ /*Element inserted at the end*/ 
q=start; 
while(q->link!=NULL) 
q=q->link; 
q->link=tmp; 
} 

}/*End of create_list()*/ 
//This function will add new element at the beginning of the linked list 
void AddAtBeg(int data) 
{ 
struct node *tmp; 
tmp=(struct node*)malloc(sizeof(struct node)); 
tmp->info=data; 



tmp->link=start; 
start=tmp; 
}/*End of addatbeg()*/ 
//Following function will add new element at any position 
void AddAfter(int data,int pos) 
{ 
struct node *tmp,*q; 
int i; 
q=start; 
//Finding the position to add new element to the linked list 
for(i=0;i<pos-1;i++) 
{ 
q=q->link; 
if(q==NULL) 
{ 
printf ("\n\n There are less than %d elements",pos); 
getch(); 
return; 
} 
}/*End of for*/ 
tmp=(struct node*)malloc(sizeof (struct node)); 
tmp->link=q->link; 
tmp->info=data; 
q->link=tmp; 
}/*End of addafter()*/ 
//Free any element from the linked list 
void Del(int data) 
{ 
struct node *tmp,*q; 
if (start->info == data) 
{ 
tmp=start; 
start=start->link; /*First element freed*/ 
free(tmp); 
return; 
} 
q=start; 
while(q->link->link ! = NULL) 
{ 
if(q->link->info == data) /*Element freed in between*/ 
{ 
tmp=q->link; 
q->link=tmp->link; 
free(tmp); 
return; 
} 



q=q->link; 
}/*End of while */ 
if(q->link->info==data) /*Last element freed*/ 
{ 
tmp=q->link; 
free(tmp); 
q->link=NULL; 
return; 
} 
printf ("\n\nElement %d not found",data); 
getch(); 
}/*End of del()*/ 
//This function will display all the element(s) in the linked list 
void Display() 
{ 
struct node *q; 
if(start == NULL) 
{ 
printf ("\n\nList is empty"); 
return; 
} 
q=start; 
printf("\n\nList is : "); 
while(q!=NULL) 
{ 
printf ("%d ", q->info); 
q=q->link; 
 
} 
printf ("\n"); 
getch(); 
}/*End of display() */ 
//Function to count the number of nodes in the linked list 
void Count() 
{ 
struct node *q=start; 
int cnt=0; 
while(q!=NULL) 
{ 
q=q->link; 
cnt++; 
} 
printf ("Number of elements are %d\n",cnt); 
getch(); 
}/*End of count()*/ 
//This function will reverse the linked list 



void Rev() 
{ 
struct node *p1,*p2,*p3; 
if(start->link==NULL) /*only one element*/ 
return; 
p1=start; 
p2=p1->link; 
p3=p2->link; 
p1->link=NULL; 
p2->link=p1; 
while(p3!=NULL) 
{ 
p1=p2; 
p2=p3; 
p3=p3->link; 
p2->link=p1; 
} 
start=p2; 
}/*End of rev()*/ 
//Function to search an element from the linked list 
void Search(int data) 
{ 
struct node *ptr = start; 
int pos = 1; 
//searching for an element in the linked list 
while(ptr!=NULL) 
{ 
if (ptr->info==data) 
{ 
printf ("\n\nItem %d found at position %d", data, pos); 
getch(); 
return; 
} 
ptr = ptr->link; 
pos++; 
} 
if (ptr == NULL) 
printf ("\n\nItem %d not found in list",data); 
getch(); 
} 
void main() 
{ 
int choice,n,m,position,i; 
start=NULL; 
while(1) 
{ 



clrscr(); 
printf ("1.Create List\n"); 
printf ("2.Add at beginning\n"); 
printf ("3.Add after \n"); 
printf ("4.Free\n"); 
printf ("5.Display\n"); 
printf ("6.Count\n"); 
printf ("7.Reverse\n"); 
printf ("8.Search\n"); 
printf ("9.Quit\n"); 
printf ("\nEnter your choice:"); 
scanf ("%d",&choice); 
switch (choice) 
{ 
case 1: 
printf ("\n\nHow many nodes you want:"); 
for(i = 0;i<n;i++) 
{ 
printf ("\nEnter the element:"); 
scanf ("%d",&m); 
Create_List(m); 
} 
break; 
case 2: 
printf ("\n\nEnter the element : "); 
scanf ("%d",&m); 
AddAtBeg(m); 
break; 
case 3: 
printf ("\n\nEnter the element:"); 
scanf ("%d",&m); 
printf ("\nEnter the position after which this element is inserted:"); 
scanf ("%d",&position); 
Add After(m,position); 
break; 
case 4: 
if (start == NULL) 
{ 
printf("\n\nList is empty"); 
continue; 
} 
printf ("\n\nEnter the element for deletion:"); 
scanf ("%d",&m); 
Del(m); 
break; 
case 5: 



Display(); 
break; 
case 6: 
Count(); 
break; 
case 7: 
Rev(); 
break; 
case 8: 
printf("\n\nEnter the element to be searched:"); 
scanf ("%d",&m); 
Search(m); 
break; 
case 9: 
exit(0); 
default: 
printf ("\n\nWrong choice"); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 
 

STACK USING LINKED LIST 
Implementation issues of the stack (Last In First Out - LIFO) using linked list is illustrated in 
following figures. 

 



 
ALGORITHM FOR PUSH OPERATION 
Suppose TOP is a pointer, which is pointing towards the topmost element of the 
stack. TOP is NULL when the stack is empty. DATA is the data item to be pushed. 
1. Input the DATA to be pushed 
2. Creat a New Node 
3. NewNode DATA = DATA 
4. NewNode Next = TOP 
5. TOP = NewNode 
6. Exit 
ALGORITHM FOR POP OPERATION 
Suppose TOP is a pointer, which is pointing towards the topmost element of the 
stack. TOP is NULL when the stack is empty. TEMP is pointer variable to hold any nodes 
address. DATA is the information on the node which is just freed. 
1. if (TOP is equal to NULL) 
(a) Display “The stack is empty” 
2. Else 
(a) TEMP = TOP 
(b) Display “The popped element TOP DATA” 
(c) TOP = TOP Next 
(d) TEMP Next = NULL 
(e) Free the TEMP node 
3. Exit 
PROGRAM: 

//THIS PROGRAM IS TO DEMONSTRATE THE OPERATIONS 
//PERFORMED ON THE STACK INPLEMENTED USING LINKED LIST 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#include<malloc.h> 
#include<process.h> 
//Structure is created a node 
struct node 



{ 
int info; 
struct node *link;//A link to the next node 
}; 
//A variable named NODE is been defined for the structure 
typedef struct node *NODE; 
//This function is to perform the push operation 
NODE push(NODE top) 
{ 
NODE NewNode; 
int pushed_item; 
//A new node is created dynamically 
NewNode = (NODE)malloc(sizeof(struct node)); 
printf(“\nInput the new value to be pushed on the stack:”); 
scanf(“%d”,&pushed_item); 
NewNode->info=pushed_item;//Data is pushed to the stack 
NewNode->link=top;//Link pointer is set to the next node 
top=NewNode;//Top pointer is set 
return(top); 
}/*End of push()*/ 
//Following function will implement the pop operation 
NODE pop(NODE top) 
{ 
NODE tmp; 
if(top == NULL)//checking whether the stack is empty or not 
printf (“\nStack is empty\n”); 
else 
{ 
tmp=top;//popping the element 
printf(“\nPopped item is %d\n”,tmp->info); 
top=top->link;//resetting the top pointer 
tmp->link=NULL 
free(tmp);//freeing the popped node 
} 
return(top); 
}/*End of pop()*/ 
//This is to display the entire element in the stack 
void display(NODE top) 
{ 
if(top==NULL) 
printf(“\nStack is empty\n”); 
else 
{ 
printf(“\nStack elements:\n”); 
while(top != NULL) 
{ 



printf(“%d\n”,top->info); 
top = top->link; 
}/*End of while */ 
}/*End of else*/ 
}/*End of display()*/ 
void main() 
{ 
char opt; 
int choice; 
NODE Top=NULL; 
do 
{ 
clrscr(); 
printf(“\n1.PUSH\n”); 
printf(“2.POP\n”); 
printf(“3.DISPLAY\n”); 
printf(“4.EXIT\n”); 
printf(“\nEnter your choice:”); 
scanf(“%d”, &choice); 
switch(choice) 
{ 
case 1: 
Top=push(Top); 
break; 
case 2: 
Top=pop(Top); 
break; 
case 3: 
display(Top); 
break; 
case 4: 
exit(1); 
default: 
printf(“\nWrong choice\n”); 
}/*End of switch*/ 
printf (“\n\nDo you want to continue (Y/y) = ”); 
fflush(stdin); 
scanf(“%c”,&opt); 
}while((opt == ‘Y’) || (opt == ‘y’)); 
}/*End of main() */ 

QUEUE USING LINKED LIST 
Queue is a First In First Out [FIFO] data structure. Implementation issues of the queue (First In 
First Out - FIFO) using linked list is illustrated in the following figures. 



 



 

 
ALGORITHM FOR PUSHING AN ELEMENT TO A QUEUE 
REAR is a pointer in queue where the new elements are added. FRONT is a pointer, 
which is pointing to the queue where the elements are popped. DATA is an element to be 
pushed. 
1. Input the DATA element to be pushed 
2. Create a New Node 
3. NewNode DATA = DATA 
4. NewNode Next = NULL 
5. If(REAR not equal to NULL) 



(a) REAR next = NewNode; 
6. REAR =NewNode; 
7. Exit 
ALGORITHM FOR POPPING AN ELEMENT FROM A QUEUE 
REAR is a pointer in queue where the new elements are added. FRONT is a pointer, 
which is pointing to the queue where the elements are popped. DATA is an element popped 
from the queue. 
1. If (FRONT is equal to NULL) 
(a) Display “The Queue is empty” 
2. Else 
(a) Display “The popped element is FRONT DATA” 
(b) If(FRONT is not equal to REAR) 
(i) FRONT = FRONT Next 
(c) Else 
(d) FRONT = NULL; 
3. Exit 
PROGRAM: 

//THIS PROGRAM WILL IMPLEMENT ALL THE OPERATIONS 
//OF THE QUEUE, IMPLEMENTED USING LINKED LIST 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<conio.h> 
#include<malloc.h> 
//A structure is created for the node in queue 
struct queu 
{ 
int info; 
struct queu *next;//Next node address 
}; 
typedef struct queu *NODE; 
//This function will push an element into the queue 
NODE push(NODE rear) 
{ 
NODE NewNode; 
//New node is created to push the data 
NewNode=(NODE)malloc(sizeof(struct queu)); 
printf ("\nEnter the no to be pushed = "); 
scanf ("%d",&NewNode->info); 
NewNode->next=NULL; 
//setting the rear pointer 
if (rear != NULL) 
rear->next=NewNode; 
rear=NewNode; 
return(rear); 
} 
//This function will pop the element from the queue 



NODE pop(NODE f,NODE r) 
{ 
//The Queue is empty when the front pointer is NULL 
if(f==NULL) 
printf (“\nThe Queue is empty”); 
else 
{ 
printf (“\nThe poped element is = %d”,f->info); 
if(f ! = r) 
f=f->next; 
else 
f=NULL; 
} 
return(f); 
} 
//Function to display the element of the queue 
void traverse(NODE fr,NODE re) 
{ 
//The queue is empty when the front pointer is NULL 
if (fr==NULL) 
printf (“\nThe Queue is empty”); 
else 
{ 
printf (“\nThe element(s) is/are = ”); 
while(fr != re) 
{ 
printf(“%d ”,fr->info); 
fr=fr->next; 
}; 
printf (“%d”,fr->info); 
} 
} 
void main() 
{ 
int choice; 
char option; 
//declaring the front and rear pointer 
NODE front, rear; 
//Initializing the front and rear pointer to NULL 
front = rear = NULL; 
dos 
{ 
clrscr(); 
printf (“1. Push\n”); 
printf (“2. Pop\n”); 
printf (“3. Traverse\n”); 



printf (“\n\nEnter your choice = ”); 
scanf (“%d”,&choice); 
switch(choice) 
{ 
case 1: 
//calling the push function 
rear = push(rear); 
if (front==NULL) 
{ 
front=rear; 
} 
break; 
case 2: 
//calling the pop function by passing 
//front and rear pointers 
front = pop(front,rear); 
if (front == NULL) 
rear = NULL; 
break; 
case 3: 
traverse(front,rear); 
break; 
} 
printf (“\n\nPress (Y/y) to continue = ”); 
fflush(stdin); 
scanf (“%c”,&option); 
}while(option == ‘Y’ || option == ‘y’); 
} 

QUEUE USING TWO STACKS 
A queue can be implemented using two stacks. Suppose STACK1 and STACK2 arethe two 
stacks. When an element is pushed on to the queue, push the same on STACK1. When an 
element is popped from the queue, pop all elements of STACK1 and push the same on STACK2. 
Then pop the topmost element of STACK2; which is the first (front) element to be popped from 
the queue. Then pop all elements of STACK2 and push the same on STACK1 for next operation 
(i.e., push or pop). Above program gives the program to implement the queue using two stacks 
by singly linked list, coded in C language. 
 

PROGRAM 

//IMPLEMENTING THE QUEUE USING TWO STACKS 
//BY SINGLY LINK LIST 
//CODED AND COMPILED USING TURBO C 
#include<stdio.h> 
#include<conio.h> 
#include<stdlib.h> 
//Stack node is created with structure 
struct stack 



{ 
int info; 
struct stack *next; 
}; 
typedef struct stack *NODE; 
//A new element is pushed to the stack 
NODE push(NODE top) 
{ 
NODE NewNode; 
//New node is created 
NewNode=(NODE)malloc(sizeof(struct stack)); 
NewNode->next=top; 
printf(“\nEnter the no: to be pushed = ”); 
scanf(“%d”,&NewNode->info); 
top=NewNode; 
return(top); 
} 
NODE pop(NODE top1) 
{ 
//checking for whether the queue is empty or not 
if(top1 == NULL) 
{ 
printf(“\nThe Queu is empty”); 
return(top1); 
} 
//when top1->next == NULL the queue contains only one element 
if(top1->next == NULL) 
{ 
//popping the only one element present in the queue 
printf(“\nThe popped element is = %d”,top1->info); 
free(top1); 
top1=NULL; 
return(top1); 
} 
NODE NewNode,top2,TEMP; 
//popping the elements from the first stack and pushing the 
//same element to the second stack 
top2=NULL; 
while(top1 != NULL) 
{ 
TEMP=top1; 
//Creating the new node for the second stack 
NewNode=(NODE)malloc(sizeof(struct stack)); 
NewNode->next=top2; 
NewNode->info=top1->info; 
top2=NewNode; 



top1=top1->next; 
free(TEMP); 
}; 
//popping the top most element from the stack so as to 
//pop an element from the queue 
printf(“\nThe popped element is = %d”,top2->info); 
top2=top2->next; 
//popping rest of the element from the second stack and 
//pushing the same elements to the first stack 
top1=NULL; 
while(top2 != NULL) 
{ 
TEMP=top2; 
//creating new nodes for the first stack 
NewNode=(NODE)malloc(sizeof(struct stack)); 
NewNode->next=top1; 
NewNode->info=top2->info; 
top1=NewNode; 
top2=top2->next; 
free(TEMP);//freeing the nodes 
}; 
return(top1); 
} 
//this function is to display all the elements in the queue 
void traverse(NODE top) 
{ 
if(top == NULL) 
{ 
printf(“\nThe Queue is empty”); 
return; 
} 
printf (“\nThe element(s) in the Queue is/are =”); 
do 
{ 
printf (“ %d”,top->info); 
top=top->next; 
}while(top != NULL); 
return; 
} 
void main() 
{ 
int choice; 
char ch; 
NODE top; 
top=NULL; 
do 



{ 
clrscr(); 
//A menu for the stack operations 
printf(“\n1. PUSH”); 
printf(“\n2. POP”); 
printf(“\n3. TRAVERSE”); 
printf(“\nEnter Your Choice = ”); 
scanf (“%d”, &choice); 
switch(choice) 
{ 
case 1://Calling push() function by passing 
//the structure pointer to the function 
top=push(top); 
break; 
case 2://calling pop() function 
top=pop(top); 
break; 
case 3://calling traverse() function 
traverse(top); 
break; 
default: 
printf(“\nYou Entered Wrong Choice”); 
break; 
} 
printf(“\n\nPress (Y/y) To Continue = ”); 
//Removing all characters in the input buffer 
//for fresh input(s), especially <<Enter>> key 
fflush(stdin); 
scanf(“%c”,&ch); 
}while(ch == ‘Y’ || ch == ‘y’); 
} 

POLYNOMIALS USING LINKED LIST 
Different operations, such as addition, subtraction, division and multiplication of polynomials 
can be performed using linked list. In this section, we discuss about polynomial addition using 
linked list. Consider two polynomials f(x) and g(x); it can be represented using linked list as 
follows in Figure f(x) = ax3 + bx + c 

g(x) = mx4 + nx3 + ox2 + px + q 

 



These two polynomials can be added by 
h(x) = f(x) + g(x) = mx4 + (a + n) x3 + ox2 + (b + p)x + (c + q) 
i.e.; adding the constants of the corresponding polynomials of the same exponentials. h(x) 
can be represented as in Fig. 

 
PROGRAM 

//Program of polynomial addition using linked list 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<malloc.h> 
//structure is created for the node 
struct node 
{ 
float coef; 
int expo; 
struct node *link; 
}; 
typedef struct node *NODE; 
//Function to add any node to the linked list 
NODE insert(NODE start,float co,int ex) 
{ 
NODE ptr,tmp; 
//a new node is created 
tmp= (NODE)malloc(sizeof(struct node)); 
tmp->coef=co; 
tmp->expo=ex; 
/*list empty or exp greater than first one */ 
if(start==NULL || ex>start->expo) 
{ 
tmp->link=start;//setting the start 
start=tmp; 
} 
else 
{ 
ptr=start; 
while(ptr->link!=NULL && ptr->link->expo>ex) 
ptr=ptr->link; 
tmp->link=ptr->link; 
ptr->link=tmp; 
if(ptr->link==NULL) /*item to be added in the end */ 
tmp->link=NULL; 
} 
return start; 



}/*End of insert()*/ 
//This function is to add two polynomials 
NODE poly_add(NODE p1,NODE p2) 
{ 
NODE p3_start,p3,tmp; 
p3_start=NULL; 
if(p1==NULL && p2==NULL) 
return p3_start; 
while(p1!=NULL && p2!=NULL ) 
{ 
//New node is created 
tmp=(NODE)malloc(sizeof(struct node)); 
if(p3_start==NULL) 
{ 
p3_start=tmp; 
p3=p3_start; 
} 
else 
{ 
p3->link=tmp; 
p3=p3->link; 
} 
if(p1->expo > p2->expo) 
{ 
tmp->coef=p1->coef; 
tmp->expo=p1->expo; 
p1=p1->link; 
} 
else 
if(p2->expo > p1->expo) 
{ 
tmp->coef=p2->coef; 
tmp->expo=p2->expo; 
p2=p2->link; 
} 
else 
if(p1->expo == p2->expo) 
{ 
tmp->coef=p1->coef + p2->coef; 
tmp->expo=p1->expo; 
p1=p1->link; 
p2=p2->link; 
} 
}/*End of while*/ 
while(p1!=NULL) 
{ 



tmp=(NODE)malloc(sizeof(struct node)); 
tmp->coef=p1->coef; 
tmp->expo=p1->expo; 
if (p3_start==NULL) /*poly 2 is empty*/ 
{ 
p3_start=tmp; 
p3=p3_start; 
} 
else 
{ 
p3->link=tmp; 
p3=p3->link; 
} 
p1=p1->link; 
}/*End of while */ 
while(p2!=NULL) 
{ 
tmp=(NODE)malloc(sizeof(struct node)); 
tmp->coef=p2->coef; 
tmp->expo=p2->expo; 
if (p3_start==NULL) /*poly 1 is empty*/ 
{ 
p3_start=tmp; 
p3=p3_start; 
} 
else 
{ 
p3->link=tmp; 
p3=p3->link; 
} 
p2=p2->link; 
}/*End of while*/ 
p3->link=NULL; 
return p3_start; 
}/*End of poly_add() */ 
//Inputting the two polynomials 
NODE enter(NODE start) 
{ 
int i,n,ex; 
float co; 
printf(“\nHow many terms u want to enter:”); 
scanf(“%d”,&n); 
for(i=1;i<=n;i++) 
{ 
printf(“\nEnter coeficient for term %d:”,i); 
scanf(“%f”,&co); 



printf(“Enter exponent for term %d:”,i); 
scanf(“%d”,&ex); 
start=insert(start,co,ex); 
} 
return start; 
}/*End of enter()*/ 
//This function will display the two polynomials and its 
//added polynomials 
void display(NODE ptr) 
{ 
if (ptr==NULL) 
{ 
printf (“\nEmpty\n”); 
return; 
} 
while(ptr!=NULL) 
{ 
printf (“(%.1fx^%d) + ”, ptr->coef,ptr->expo); 
ptr=ptr->link; 
} 
printf (“\b\b \n”); /* \b\b to erase the last + sign*/ 
}/*End of display()*/ 
void main() 
{ 
NODE p1_start,p2_start,p3_start; 
p1_start=NULL; 
p2_start=NULL; 
p3_start=NULL; 
printf(“\nPolynomial 1 :\n”); 
p1_start=enter(p1_start); 
printf(“\nPolynomial 2 :\n”); 
p2_start=enter(p2_start); 
//polynomial addition function is called 
p3_start=poly_add(p1_start,p2_start); 
clrscr(); 
printf(“\nPolynomial 1 is: ”); 
display(p1_start); 
printf (“\nPolynomial 2 is: ”); 
display(p2_start); 
printf (“\nAdded polynomial is: ”); 
display(p3_start); 
getch(); 
}/*End of main()*/ 

DOUBLY LINKED LIST 
A doubly linked list is one in which all nodes are linked together by multiple links which help in 
accessing both the successor (next) and predecessor (previous) node for any arbitrary node 



within the list. Every nodes in the doubly linked list has three fields: LeftPointer, RightPointer 
and DATA. Fig. shows a typical doubly linked list.ta  

 
LPoint will point to the node in the left side (or previous node) that is LPoint will hold the 
address of the previous node. RPoint will point to the node in the right side (or next node ) that is 
RPoint will hold the address of the next node. Data will store the information of the node. 

 
 
 
 
 
 
 
 
 
 

REPRESENTATION OF DOUBLY LINKED LIST 

 



 

 

 
ALGORITHM FOR INSERTING A NODE 

 
Suppose START is the first position in linked list. Let DATA be the element to be 
inserted in the new node. POS is the position where the NewNode is to be inserted. TEMP 
is a temporary pointer to hold the node address. 
1. Input the DATA and POS 
2. Initialize TEMP = START; i = 0 
3. Repeat the step 4 if (i less than POS) and (TEMP is not equal to NULL) 
4. TEMP = TEMP RPoint; i = i +1 
5. If (TEMP not equal to NULL) and (i equal to POS) 
(a) Create a New Node 
(b) NewNode DATA = DATA 



(c) NewNode RPoint = TEMP RPoint 
(d) NewNode LPoint = TEMP 
(e) (TEMP RPoint) LPoint = NewNode 
(f ) TEMP RPoint = New Node 
6. Else 
(a) Display “Position NOT found” 
7. Exit 
ALGORITHM FOR DELETING A NODE 

 
Suppose START is the address of the first node in the linked list. Let POS is the 
position of the node to be freed. TEMP is the temporary pointer to hold the address of the 
node. After deletion, DATA will contain the information on the freed node. 
1. Input the POS 
2. Initialize TEMP = START; i = 0 
3. Repeat the step 4 if (i less than POS) and (TEMP is not equal to NULL) 
4. TEMP = TEMP RPoint; i = i +1 
5. If (TEMP not equal to NULL) and (i equal to POS) 
(a) Create a New Node 
(b) NewNode DATA = DATA 
(c) NewNode RPoint = TEMP RPoint 
(d) NewNode LPoint = TEMP 
(e) (TEMP RPoint) LPoint = NewNode 
(f ) TEMP RPoint = New Node 
6. Else 
(a) Display “Position NOT found” 
7. Exit 
PROGRAM 

// PROGRAM TO IMPLEMENT ALL THE OPERATIONS IN THE 
//DOUBLY LINKED LIST 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#include<malloc.h> 
#include<process.h> 
//Structure is created for the node 
struct node 
{ 



struct node *prev; 
int info; 
struct node *next; 
}*start; 
typedef struct node *NODE; 
//fucntion to create a doubly linked list 
void create_list(int num) 
{ 
NODE q,tmp; 
//a new node is created 
tmp=(NODE)malloc(sizeof(struct node)); 
tmp->info=num;//assigning the data to the new node 
tmp->next=NULL; 
if(start==NULL) 
{ 
tmp->prev=NULL; 
start->prev=tmp; 
start=tmp; 
} 
else 
{ 
q=start; 
while(q->next!=NULL) 
q=q->next; 
q->next=tmp; 
tmp->prev=q; 
} 
}/*End of create_list()*/ 
//Function to add new node at the beginning 
void addatbeg(int num) 
{ 
NODE tmp; 
//a new node is created for inserting the data 
tmp=(NODE)malloc(sizeof(struct node)); 
tmp->prev=NULL; 
tmp->info=num; 
tmp->next=start; 
start->prev=tmp; 
start=tmp; 
}/*End of addatbeg()*/ 
//This fucntion will insert a node in any specific position 
void addafter(int num,int pos) 
{ 
NODE tmp,q; 
int i; 
q=start; 



//Finding the position to be inserted 
for(i=0;i<pos-1;i++) 
{ 
q=q->next; 
if(q==NULL) 
{ 
printf (“\nThere are less than %d elements\n”,pos); 
return; 
} 
} 
//a new node is created 
tmp=(NODE)malloc(sizeof(struct node) ); 
tmp->info=num; 
q->next->prev=tmp; 
tmp->next=q->next; 
tmp->prev=q; 
q->next=tmp; 
}/*End of addafter() */ 
//Function to free a node 
void del(int num) 
{ 
NODE tmp,q; 
if(start->info==num) 
{ 
tmp=start; 
start=start->next; /*first element freed*/ 
start->prev = NULL; 
free(tmp);//Freeing the freed node 
return; 
} 
q=start; 
while(q->next->next!=NULL) 
{ 
if(q->next->info==num) /*Element freed in between*/ 
{ 
tmp=q->next; 
q->next=tmp->next; 
tmp->next->prev=q; 
free(tmp); 
return; 
} 
q=q->next; 
} 
if (q->next->info==num) /*last element freed*/ 
{ tmp=q->next; 
free(tmp); 



q->next=NULL; 
return; 
} 
printf(“\nElement %d not found\n”,num); 
}/*End of del()*/ 
//Displaying all data(s) in the node 
void display() 
{ 
NODE q; 
if(start==NULL) 
{ 
printf(“\nList is empty\n”); 
return; 
} 
q=start; 
printf(“\nList is :\n”); 
while(q!=NULL) 
{ 
printf(“%d ”, q->info); 
q=q->next; 
} 
printf(“\n”); 
}/*End of display() */ 
//Function to count the number of nodes in the linked list 
void count() 
{ 
NODE q=start; 
int cnt=0; 
while(q!=NULL) 
{ 
q=q->next; 
cnt++; 
} 
printf(“\nNumber of elements are %d\n”,cnt); 
}/*End of count()*/ 
//Reversing the linked list 
void rev() 
{ 
NODE p1,p2; 
p1=start; 
p2=p1->next; 
p1->next=NULL; 
p1->prev=p2; 
while(p2!=NULL) 
{ 
p2->prev=p2->next; 



p2->next=p1; 
p1=p2; 
p2=p2->prev; /*next of p2 changed to prev */ 
} 
start=p1; 
}/*End of rev()*/ 
void main() 
{ 
int choice,n,m,po,i; 
start=NULL; 
while(1) 
{ 
//Menu options for the doubly linked list operation 
clrscr(); 
printf(“\n1.Create List\n”); 
printf(“2.Add at begining\n”); 
printf(“3.Add after\n”); 
printf(“4.Free\n”); 
printf(“5.Display\n”); 
printf(“6.Count\n”); 
printf(“7.Reverse\n”); 
printf(“8.exit\n”); 
printf(“\nEnter your choice:”); 
scanf(“%d”,&choice); 
//switch instruction is called to execute 
//correspoding function 
switch(choice) 
{ 
case 1: 
printf(“\nHow many nodes you want:”); 
scanf(“%d”,&n); 
for(i=0;i<n;i++) 
{ 
printf(“\nEnter the element:”); 
scanf(“%d”,&m); 
//create linked list function is called 
create_list(m); 
} 
break; 
case 2: 
printf(“\nEnter the element:”); 
scanf(“%d”,&m); 
addatbeg(m); 
break; 
case 3: 
printf(“\nEnter the element:”); 



scanf(“%d”,&m); 
printf(“\nEnter the position after which this element is inserted:”); 
scanf(“%d”,&po); 
addafter(m,po); 
break; 
case 4: 
printf(“\nEnter the element for deletion:”); 
scanf(“%d”,&m); 
//Free a node fucntion is called 
del(m); 
break; 
case 5: 
display(); 
getch(); 
break; 
case 6: 
count(); 
getch(); 
break; 
case 7: 
rev(); 
break; 
case 8: 
exit(0); 
default: 
printf(“\nWrong choice\n”); 
getch(); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 

CIRCULAR LINKED LIST 
A circular linked list is one, which has no beginning and no end. A singly linked list can be made 
a circular linked list by simply storing the address of the very first node in the linked field of the 
last node. A circular linked list is shown in Fig..  

 
A circular doubly linked list has both the successor pointer and predecessor pointer in circular 
manner as shown in the Fig.. Implementation of circular doubly linked list is left to the readers. 



 
 
PROGRAM 

// PROGRAM TO IMPLEMENT CIRCULAR SINGLY LINKED LIST 
//CODED AND COMPILED INTO TURBO C 
#include<iostream.h> 
#include<process.h> 
//class is created for the circular linked list 
//structure node is created 
struct node 
{ 
int info; 
struct node *link; 
}; 
struct node *last=null; 
typedef struct node *NODE; 
public: 
void create_list(int); 
void addatbeg(int); 
void addafter(int,int); 
void del(); 
void display(); 
 
//A circular list created in this function 
void create_list(int num) 
{ 
NODE q,tmp; 
//New node is created 
tmp = (NODE)malloc(sizeof (struct node)); 
tmp->info = num; 
if (last == NULL) 
{ 
last = tmp; 
tmp->link = last; 
} 
else 
{ 
tmp->link = last->link; /*added at the end of list*/ 
last->link = tmp; 



last = tmp; 
} 
}/*End of create_list()*/ 
//This function will add new node at the beginning 
void addatbeg(int num) 
{ 
NODE tmp; 
tmp = (NODE)malloc(sizeof(struct node)); 
tmp->info = num; 
tmp->link = last->link; 
last->link = tmp; 
}/*End of addatbeg()*/ 
//Function to add new node at any position of the circular list 
void addafter(int num,int pos) 
{ 
NODE tmp,q; 
int i; 
q = last->link; 
//finding the position to insert a new node 
for(i=0; i < pos-1; i++) 
{ 
q = q->link; 
if (q == last->link) 
{ 
printf(“There are less than  %d elements\n“,pos); 
return; 
} 
}/*End of for*/ 
//creating the new node 
tmp = (NODE)malloc(sizeof((struct node)); 
tmp->link = q->link; 
tmp->info = num; 
q->link = tmp; 
if(q==last) /*Element inserted at the end*/ 
last=tmp; 
}/*End of addafter()*/ 
//Function to free a node from the circular linked list 
void del() 
{ 
int num; 
if(last == NULL) 
{ 
printf("\nList underflow\n"); 
return; 
} 
printf("\nEnter the number for deletion:"); 



scanf(“num; 
NODE tmp,q; 
if( last->link == last && last->info == num) /*Only one element*/ 
{ 
tmp = last; 
last = NULL; 
//deleting the node 
free(tmp); 
return; 
} 
q = last->link; 
if(q->info == num) 
{ 
tmp = q; 
last->link = q->link; 
//deleting the node 
free(tmp); 
return; 
} 
while(q->link != last) 
{ 
if(q->link->info == num) /*Element freed in between*/ 
{ 
tmp = q->link; 
q->link = tmp->link; 
delete(tmp); 
printf("\n delete %d \n”,num); 
return; 
} 
q = q->link; 
}/*End of while*/ 
if(q->link->info == num) /*Last element deleted q->link=last*/ 
{ 
tmp = q->link; 
q->link = last->link; 
delete(tmp); 
last = q; 
return; 
} 
printf("\nElement %d not found\n”,num); 
}/*End of del()*/ 
//Function to display all the nodes in the circular linked list 
void display() 
{ 
NODE q; 
if(last == NULL) 



{ 
printf(“nList is empty\n"); 
return; 
} 
q = last->link; 
printf("\nList is:\n"); 
while(q != last) 
{ 
printf("%d”, q->info); 
q = q->link; 
} 
printf("\n%d",last->info); 
}/*End of display()*/ 
void main() 
{ 
int choice,n,m,po,i; 
while(1) 
{ 
//Menu options 
printf("\n1.Create List\n"); 
printf("2.Add at begining\n"); 
printf("3.Add after \n"); 
printf("4.Delete\n"); 
printf("5.Display\n"); 
printf("6.Quit\n"); 
printf("\nEnter your choice:"); 
scanf(“%d”,&choice); 
switch(choice) 
{ 
case 1: 
printf("\nHow many nodes you want:"); 
scanf(“%d”,&n); 
for(i=0; i < n;i++) 
{ 
printf("\nEnter the element:"); 
scanf(“%d”,&m); 
create_list(m); 
} 
break; 
case 2: 
printf("\nEnter the element:"); 
scanf(“%d”,&m); 
addatbeg(m); 
break; 
case 3: 
printf("\nEnter the element:"); 



scanf(“%d”,&m); 
printf("\nEnter the position after which this element is inserted:"); 
scanf(“%d”,&po); 
addafter(m,po); 
break; 
case 4: 
del(); 
break; 
case 5: 
display(); 
break; 
case 6: 
exit(0); 
default: 
printf("\nWrong choice\n"); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 

PRIORITY QUEUES 
Priority Queue is a queue where each element is assigned a priority. In priority queue, the 
elements are deleted and processed by following rules. 
1. An element of higher priority is processed before any element of lower priority.  
2. Two elements with the same priority are processed according to the order in 
which they were inserted to the queue. 
For example, Consider a manager who is in a process of checking and approving files in a first 
come first serve basis. In between, if any urgent file (with a high priority) comes, he will process 
the urgent file next and continue with the other low urgent files. 

 
Above Fig gives a pictorial representation of priority queue using arrays after adding 5 elements 
(10,14,12,60,13) with its corresponding priorities (9,10,17,30,46). Here 
the priorities of the data(s) are in ascending order. Always we may not be pushing the data in an 
ascending order. From the mixed priority list it is difficult to find the highest priority element if 
the priority queue is implemented using arrays. Moreover, the implementation of priority queue 
using array will yield n comparisons (in liner search), so the time complexity is O(n), which is 
much higher than the other queue (ie; other queues takes only O(1) ) for inserting an element. So 



it is always better to implement the priority queue using linked list - where a node can be inserted 
at anywhere in the list - which is discussed in this section. A node in the priority queue will 
contain DATA, PRIORITY and NEXT field. DATA field will store the actual information; 
PRIORITY field will store its corresponding priority of the DATA and NEXT will store the 
address of the next node. Fig. 5.36 shows the linked 
list representation of the node when a DATA (i.e., 12) and PRIORITY (i.e., 17) is inserted in a 
priority queue. 

 
When an element is inserted into the priority queue, it will check the priority of the  element with 
the element(s) present in the linked list to find the suitable position to insert. The node will be 
inserted in such a way that the data in the priority field(s) is in ascending order. We do not use 
rear pointer when it is implemented using linked list, because the new nodes are not always 
inserted at the rear end. Following figures will illustrate the push and pop operation of priority 
queue using linked list. 

 



 

 
PROGRAM; 

//PROGRAM TO IMPLEMENT PRIORITY QUEUE USING LINKED LIST 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<stdio.h> 
#include<malloc.h> 
#include<process.h> 
//A structure is created for a node 



struct node 
{ 
int priority; 
int info; 
struct node *link; 
}; 
typedef struct node *NODE; 
//This function will insert a data and its priority 
NODE insert(NODE front) 
{ 
NODE tmp,q; 
int added_item,item_priority; 
//New node is created 
tmp = (NODE)malloc(sizeof(struct node)); 
printf("\nInput the item value to be added in the queue:"); 
scanf("%d",&added_item); 
printf("\nEnter its priority:"); 
scanf("%d",&item_priority); 
tmp->info = added_item; 
tmp->priority = item_priority; 
/*Queue is empty or item to be added has priority more than first item*/ 
if(front == NULL || item_priority < front->priority) 
{ 
tmp->link = front; 
front = tmp; 
} 
else 
{ 
q = front; 
while(q->link != NULL && q->link->priority <= item_priority) 
q=q->link; 
tmp->link = q->link; 
q->link = tmp; 
}/*End of else*/ 
return(front); 
}/*End of insert()*/ 
//Following function is to delete a node from the priority queue 
NODE del(NODE front) 
{ 
NODE tmp; 
if(front == NULL) 
printf("\nQueue Underflow\n"); 
else 
{ 
tmp = front; 
printf("\nDeleted item is %d\n",tmp->info); 



front = front->link; 
free(tmp); 
} 
return(front); 
}/*End of del()*/ 
void display(NODE front) 
{ 
NODE ptr; 
ptr = front; 
if(front == NULL) 
printf("\nQueue is empty\n"); 
else 
{ printf("\nQueue is:\n"); 
printf("\nPriority Item\n"); 
while(ptr != NULL) 
{ 
printf("%5d %5d\n",ptr->priority,ptr->info); 
ptr = ptr->link; 
} 
}/*End of else */ 
}/*End of display() */ 
void main() 
{ 
int choice; 
NODE front=NULL; 
while(1) 
{ 
clrscr(); 
//Menu options 
printf("\n1.Insert\n"); 
printf("2.Delete\n"); 
printf("3.Display\n"); 
printf("4.Quit\n"); 
printf("\nEnter your choic"); 
scanf("%d", &choice); 
switch(choice) 
{ 
case 1: 
front=insert(front); 
break; 
case 2: 
front=del(front); 
getch(); 
break; 
case 3: 
display(front); 



getch(); 
break; 
case 4: 
exit(1); 
default : 
printf("\nWrong choice\n"); 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6 Sorting Technique 

 
The operation of sorting is the most common task performed by computers today. Sorting is used 
to arrange names and numbers in meaningful ways. For example; it is easy to look in the 
dictionary for a word if it is arranged (or sorted) in alphabetic order . Let A be a list of n 

elements A1, A2, ....... An in memory. Sorting of list A refers to the operation of rearranging the 
contents of A so that they are in increasing (or decreasing) order (numerically or 
lexicographically); A1 < A2 < A3 < ...... < An. Since A has n elements, the contents in A can 
appear in n! ways. These ways correspond precisely to the n! permutations of 1,2,3, ...... n. Each 
sorting algorithm must take care of these n! possibilities. For example Suppose an array A 
contains 7 elements, 42, 33, 23, 74, 44, 67, 49. After sorting, the array A contains the elements as 
follows 23, 33, 42, 44, 49, 67, 74. Since A consists of 7 elements, there are 7! =.5040 ways that 
the elements can appear in A. The elements of an array can be sorted in any specified order i.e., 
either in ascending  order or descending order. For example, consider an array A of size 7 
elements 42, 33, 23, 74, 44, 67, 49. If they are arranged in ascending order, then sorted array is 
23, 33, 42, 44, 49, 67, 74 and if the array is arranged in descending order then the sorted array is 
74, 67, 49, 44, 42, 33, 23. In this chapter all the sorting techniques are discussed to arrange in 
ascending order. Sorting can be performed in many ways. Over a time several methods (or 
algorithms) are being developed to sort data(s). Bubble sort, Selection sort, Quick sort, Merge 
sort, Heap sort, Binary sort, Shell sort and Radix sort are the few sorting techniques discussed in 
this chapter.  It is very difficult to select a sorting algorithm over another. And there is no sorting 
algorithm better than all others in all circumstances. Some sorting algorithm will perform well in 
some situations, so it is important to have a selection of sorting algorithms. Some factors that 
play an important role in selection processes are the time  omplexity of the algorithm (use of 
computer time), the size of the data structures (for Eg: an array) to be sorted (use of storage 
space), and the time it takes for a programmer to implement the algorithms (programming 
effort). For example, a small business that manages a list of employee names and salary 
could easily use an algorithm such as bubble sort since the algorithm is simple to implement and 
the data to be sorted is relatively small. However a large public limited with ten thousands of 
employees experience horrible delay, if we try to sort it with bubble sort algorithm. More 
efficient algorithm, like Heap sort is advisable. 
 

COMPLEXITY OF SORTING ALGORITHMS 
 
The complexity of sorting algorithm measures the running time of n items to be sorted. The 
operations in the sorting algorithm, where A1, A2 ….. An contains the items to  be sorted and B 
is an auxiliary location, can be generalized as: (a) Comparisons- which tests whether Ai < Aj or 
test whether Ai < B (b) Interchange- which switches the contents of Ai and Aj or of Ai and B (c) 
Assignments- which set B = A and then set Aj = B or Aj = Ai Normally, the complexity 
functions measure only the number of comparisons, since the number of other operations is at 
most a constant factor of the number of comparisons. 
 
 
 



BUBBLE SORT 
 
In bubble sort, each element is compared with its adjacent element. If the first element is larger 
than the second one, then the positions of the elements are interchanged, otherwise it is not 
changed. Then next element is compared with its adjacent element and the same process is 
repeated for all the elements in the array until we get a sorted array. Let A be a linear array of n 

numbers. Sorting of A means rearranging the elements of A so that they are in order. Here we are 
dealing with ascending order. i.e., A[1] < A[2] < A[3] < ...... A[n]. Suppose the list of numbers 
A[1], A[2], ………… A[n] is an element of array A. The bubble sort algorithm works as 
follows: 
 
Step 1: Compare A[1] and A[2] and arrange them in the (or desired) ascending order, so that 
A[1] < A[2].that is if A[1] is greater than A[2] then interchange the position of data by swap = 
A[1]; A[1] = A[2]; A[2] = swap. Then compare A[2] and A[3] and arrange them so that A[2] < 
A[3]. Continue the process until we compare A[N – 1] with A[N].  
Note: Step1 contains n – 1 comparisons i.e., the largest element is “bubbled up” to the nth 
position or “sinks” to the nth position. When step 1 is completed A[N] will contain the largest 
element. 
 
Step 2: Repeat step 1 with one less comparisons that is, now stop comparison at A [n – 1] and 
possibly rearrange A[N – 2] and A[N – 1] and so on. Note: in the first pass, step 2 involves n–2 
comparisons and the second largest element will occupy A[n-1]. And in the second pass, step 2 
involves n – 3 comparisons and the 3rd largest element will occupy A[n – 2] and so on. 
 
Step n – 1: compare A[1]with A[2] and arrange them so that A[1] < A[2] After n – 1 steps, the 
array will be a sorted array in increasing (or ascending) order. The following figures will depict 
the various steps (or PASS) involved in the sorting of an array of 5 elements. The elements of an 
array A to be sorted are: 42, 33, 23, 74, 44 

 



 
 

 

ALGORITHM 
Let A be a linear array of n numbers. Swap is a temporary variable for swapping (or interchange) 
the position of the numbers. 
1. Input n numbers of an array A 
2. Initialise i = 0 and repeat through step 4 if (i < n) 
3. Initialize j = 0 and repeat through step 4 if (j < n – i – 1) 
4. If (A[j] > A[j + 1]) 
(a) Swap = A[j] 
(b) A[j] = A[j + 1] 
(c) A[j + 1] = Swap 
5. Display the sorted numbers of array A 
6. Exit. 
 
PROGRAM 

//PROGRAM TO IMPLEMENT BUBBLE SORT USING ARRAYS 
//STATIC MEMORY ALLOCATION 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#define MAX 20 
void main() 
{ 



int arr[MAX],i,j,k,temp,n,xchanges; 
clrscr(); 
printf (“\nEnter the number of elements : ”); 
scanf (“%d”,&n); 
for (i = 0; i < n; i++) 
{ 
printf (“E\nnter element %d : ”,i+1); 
scanf (“%d”,&arr[i]); 
} 
printf (“\nUnsorted list is :\n”); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
printf (“\n”); 
/* Bubble sort*/ 
for (i = 0; i < n–1 ; i++) 
{ 
xchanges=0; 
for (j = 0; j <n–1–i; j++) 
{ 
if (arr[j] > arr[j+1]) 
{ 
temp = arr[j]; 
arr[j] = arr[j+1]; 
arr[j+1] = temp; 
xchanges++; 
}/*End of if*/ 
}/*End of inner for loop*/ 
if (xchanges==0) /*If list is sorted*/ 
break; 
printf(“\nAfter Pass %d elements are : ”,i+1); 
for (k = 0; k < n; k++) 
printf(“%d ”, arr[k]); 
printf(“\n”); 
}/*End of outer for loop*/ 
printf(“\nSorted list is :\n”); 
for (i = 0; i < n; i++) 
printf(“%d ”, arr[i]); 
getch(); 
}/*End of main()*/ 
 

TIME COMPLEXITY 
 
The time complexity for bubble sort is calculated in terms of the number of comparisons 
f (n) (or of number of loops); here two loops (outer loop and inner loop) iterates (or repeated) the 
comparisons. The number of times the outer loop iterates is determined by the number of 
elements in the list which is asked to sort (say it is n). The inner loop is iterated one less than the 



number of elements in the list (i.e., n-1 times) and is reiterated upon every iteration of the outer 
loop f (n) = (n – 1) + (n – 2) + ...... + 2 + 1 = n(n – 1) = O(n2). 
 

BEST CASE 
 
In this case you are asked to sort a sorted array by bubble sort algorithm. The inner loop will 
iterate with the ‘if’ condition evaluating time, that is the swap procedure is never called. In best 
case outer loop will terminate after one iteration, i.e., it involves performing one pass, which 
requires n–1 comparisons f (n) = O(n) 
 

WORST CASE  
 
In this case the array will be an inverted list (i.e., 5, 4, 3, 2, 1, 0). Here to move first element to 
the end of the array, n–1 times the swapping procedure is to be called. Every other element in the 
list will also move one location towards the start or end of the loop on every iteration. Thus n 
times the outer loop will iterate and n (n-1) times the inner loop will iterate to sort an inverted 
array f(n) = (n(n – 1))/2 = O(n2) 
 

AVERAGE CASE 
 
Average case is very difficult to analyse than the other cases. In this case the input data(s) are 
randomly placed in the list. The exact time complexity can be calculated only if we know the 
number of iterations, comparisons and swapping. In general, the complexity of average case is: 
f(n) = (n(n–1))/2 = O(n2). 
 

SELECTION SORT 
 
Selection sort algorithm finds the smallest element of the array and interchanges it with the 
element in the first position of the array. Then it finds the second smallest element from the 
remaining elements in the array and places it in the second position of the array and so on. 
Let A be a linear array of ‘n’ numbers, A [1], A [2], A [3],...... A [n].  
 

Step 1: Find the smallest element in the array of n numbers A[1], A[2], ...... A[n]. Let LOC is 
the location of the smallest number in the array. Then interchange A[LOC] and A[1] by swap = 
A[LOC]; A[LOC] = A[1]; A[1] = Swap. 

Step 2: Find the second smallest number in the sub list of n – 1 elements A [2] A [3] ...... A [n – 
1] (first element is already sorted). Now we concentrate on the rest of the elements in the array. 
Again A [LOC] is the smallest element in the remaining array and LOC the corresponding 
location then interchange A [LOC] and A [2].Now A [1] and A [2] is sorted, since A [1] less 
than or equal to A [2]. 

Step 3: Repeat the process by reducing one element each from the array  

Step n – 1: Find the n – 1 smallest number in the sub array of 2 elements (i.e., A(n– 
1), A (n)). Consider A [LOC] is the smallest element and LOC is its corresponding position. 



Then interchange A [LOC] and A(n – 1). Now the array A [1], A [2], A [3], A [4],………..A [n] 
will be a sorted array. 
Following figure is generated during the iterations of the algorithm to sort 5 numbers 
42, 33, 23, 74, 44 : 

 
ALGORITHM 
Let A be a linear array of n numbers A [1], A [2], A [3], ……… A [k], A [k+1], …….. A [n]. 
Swap 

be a temporary variable for swapping (or interchanging) the position of the numbers. Min is 
the variable to store smallest number and Loc is the location of the smallest element. 
1. Input n numbers of an array A 
2. Initialize i = 0 and repeat through step5 if (i < n – 1) 
(a) min = a[i] 
(b) loc = i 
3. Initialize j = i + 1 and repeat through step 4 if (j < n – 1) 
4. if (a[j] < min) 
(a) min = a[j] 
(b) loc = j 
5. if (loc ! = i) 
(a) swap = a[i] 
(b) a[i] = a[loc] 
(c) a[loc] = swap 
6. display “the sorted numbers of array A” 
7. Exit 
PROGRAM 

//PROGRAM TO IMPLEMENT SELECTION SORT 
//USING STATIC MEMORY ALLOCATION, THAT IS USING ARRAYS 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#define MAX 20 
void main() 



{ 
int arr[MAX], i,j,k,n,temp,smallest; 
clrscr(); 
printf (“\nEnter the number of elements : ”); 
scanf (“%d”, & n); 
for (i = 0; i < n; i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”, &arr[i]); 
} 
printf (“\nUnsorted list is : \n”); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
printf (“\n”); 
/*Selection sort*/ 
for (i = 0; i < n – 1 ; i++) 
{ 
/*Find the smallest element*/ 
smallest = i; 
for(k = i + 1; k < n ; k++) 
{ 
if (arr[smallest] > arr[k]) 
smallest = k ; 
} 
if ( i != smallest ) 
{ 
temp = arr [i]; 
arr[i] = arr[smallest]; 
arr[smallest] = temp ; 
} 
printf (“\nAfter Pass %d elements are : ”,i+1); 
for (j = 0; j < n; j++) 
printf (“%d ”, arr[ j]); 
printf (“\n”); 
}/*End of for*/ 
printf (“\nSorted list is : \n”); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
getch(); 
}/*End of main()*/ 
 

TIME COMPLEXITY 
 
Time complexity of a selection sort is calculated in terms of the number of comparisons f (n). In 
the first pass it makes n – 1 comparisons; the second pass makes n – 2comparisons and so on.   



The outer for loop iterates for (n - 1) times. But the inner loop iterates for n*(n – 1) times to 
complete the sorting. f (n) = (n – 1) + (n – 2) + ...... + 2 + 1 = (n(n – 1))/2 = O(n2) 
Readers can go through the algorithm and analyse it for different types of input to find their 
(efficiency) Time complexity for best, worst and average case. That is in best case  how the 
algorithm is performed for sorted arrays as input. In worst case we can analyse how the 
algorithm is performed for reverse sorted array as input. Average case is where we input general 
(mixed sorted) input to the algorithm. Following table will summarise the efficiency of algorithm 
in different case : 

 
 

INSERTION SORT 
 
Insertion sort algorithm sorts a set of values by inserting values into an existing sorted file. 
Compare the second element with first, if the first element is greater than second, place it before 
the first one. Otherwise place is just after the first one. Compare the third value with second. If 
the third value is greater than the second value then place it just after the second. Otherwise place 
the second value to the third place. And compare third value with the first value. If the third 
value is greater than the first value place the third value to second place, otherwise place the first 
value to second place. And place the third value to first place and so on. Let A be a linear array 
of n numbers A [1], A [2], A [3], ...... A[n]. The algorithm scan the array A from A [1] to A [n], 
by inserting each element A[k], into the proper position of the previously sorted sub list. A [1], A 
[2], A [3], ...... A [k – 1]  
 
Step 1: As the single element A [1] by itself is sorted array. 
Step 2: A [2] is inserted either before or after A [1] by comparing it so that A[1], A[2] is sorted 
array. 
Step 3: A [3] is inserted into the proper place in A [1], A [2], that is A [3] will be compared with 
A [1] and A [2] and placed before A [1], between A [1] and A [2], or after A [2] so that A [1], A 
[2], A [3] is a sorted array. 
Step 4: A [4] is inserted in to a proper place in A [1], A [2], A [3] by comparing it; so 
that A [1], A [2], A [3], A [4] is a sorted array. 
Step 5: Repeat the process by inserting the element in the proper place in array 
Step n : A [n] is inserted into its proper place in an array A [1], A [2], A [3], ...... A [n – 1] so 
that A [1], A [2], A [3], ...... ,A [n] is a sorted array.  
To illustrate the insertion sort methods, consider a following array with five elements 
42, 33, 23, 74, 44 : 



 

 



 

 



 

 
ALGORITHM 
Let A be a linear array of n numbers A [1], A [2], A [3], ...... ,A [n]......Swap be a temporary 
variable to interchange the two values. Pos is the control variable to hold the position of 
each pass. 
1. Input an array A of n numbers 
2. Initialize i = 1 and repeat through steps 4 by incrementing i by one. 
(a) If (i < = n – 1) 
(b) Swap = A [I], 
(c) Pos = i – 1 
3. Repeat the step 3 if (Swap < A[Pos] and (Pos >= 0)) 
(a) A [Pos+1] = A [Pos] 
(b) Pos = Pos-1 
4. A [Pos +1] = Swap 
5. Exit 
PROGRAM 

//PROGRAM TO IMPLEMENT INSERTION SORT USING ARRAYS 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#define MAX 20 



void main() 
{ 
int arr[MAX],i,j,k,n; 
clrscr(); 
printf (“\nEnter the number of elements : ”); 
scanf (“%d”,&n); 
for (i = 0; i < n; i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”, &arr[i]); 
} 
printf (“\nUnsorted list is :\n”); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
printf (“\n”); 
/*Insertion sort*/ 
for(j=1;j < n;j++) 
{ 
k=arr[j]; /*k is to be inserted at proper place*/ 
for(i=j–1;i>=0 && k<arr[i];i--) 
arr[i+1]=arr[i]; 
arr[i+1]=k; 
printf (“\nPass %d, Element inserted in proper place: %d\n”,j,k); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
printf (“\n”); 
} 
printf (“\nSorted list is :\n”); 
for (i = 0; i < n; i++) 
printf (“%d ”, arr[i]); 
getch(); 
}/*End of main()*/ 
TIME COMPLEXITY 
In the insertion sort algorithm (n – 1) times the loop will execute for comparisons and  
interchanging the numbers. The inner while loop iterates maximum of ((n – 1) (n – 1))/2 
times to computing the sorting. 
WORST CASE 

The worst case occurs when the array A is in reverse order and the inner while loop 
must use the maximum number (n – 1) of comparisons. Hence 
f(n) = (n – 1) + ....... 2 + 1 
= (n (n – 1))/2 
= O(n2). 
AVERAGE CASE 

On the average case there will be approximately (n – 1)/2 comparisons in the inner 
while loop. Hence the average case 
f (n) = (n – 1)/2 + ...... + 2/2 +1/2 



= n (n – 1)/4 
= O(n2). 
BEST CASE 

The best case occurs when the array A is in sorted order and the outer for loop will iterate for (n 

– 1) times. And the inner while loop will not execute because the given array is a sorted array 
i.e., f (n) = O(n). 
 
QUICK SORT 
It is one of the widely used sorting techniques and it is also called the partitionexchange 
sort. Quick sort is an efficient algorithm and it passes a very good time complexity 
in average case. This is developed by C.A.R. Hoare. It is an algorithm of the divide-andconquer 
type. 
The quick sort algorithm works by partitioning the array to be sorted. And each 
partitions are internally sorted recursively. In partition the first element of an array is 
chosen as a key value. This key value can be the first element of an array. That is, if A is an 
array then key = A (0), and rest of the elements are grouped into two portions such that, 



 



 

 
ALGORITHM 
Let A be a linear array of n elements A (1), A (2), A (3)......A (n), low represents the 
lower bound pointer and up represents the upper bound pointer. Key represents the first 
element of the array, which is going to become the middle element of the sub-arrays. 
1. Input n number of elements in an array A 
2. Initialize low = 2, up = n , key = A[(low + up)/2] 
3. Repeat through step 8 while (low < = up) 
4. Repeat step 5 while(A [low] > key) 
5. low = low + 1 
6. Repeat step 7 while(A [up] < key) 
7. up = up–1 
8. If (low < = up) 
(a) Swap = A [low] 
(b) A [low] = A [up] 
(c) A [up] = swap 
(d) low=low+1 
(e) up=up–1 
9. If (1 < up) Quick sort (A, 1, up) 



10. If (low < n) Quick sort (A, low, n) 
11. Exit 
PROGRAM 

//PROGRAM TO IMPLEMENT QUICK SORT 
//USING ARRAYS RECURSIVELY 
//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
#define MAX 30 
enum bool {FALSE,TRUE}; 
//Function display the array 
void display(int arr[],int low,int up) 
{ 
int i; 
for(i=low;i<=up;i++) 
printf (“%d ”,arr[i]); 
} 
//This function will sort the array using Quick sort algorithm 
void quick(int arr[],int low,int up) 
{ 
int piv,temp,left,right; 
enum bool pivot_placed=FALSE; 
//setting the pointers 
left=low; 
right=up; 
piv=low; /*Take the first element of sublist as piv */ 
if (low>=up) 
return; 
printf (“\nSublist : ”); 
display(arr,low,up); 
/*Loop till pivot is placed at proper place in the sublist*/ 
while(pivot_placed==FALSE) 
{ 
/*Compare from right to left */ 
while( arr[piv]<=arr[right] && piv!=right ) 
right=right–1; 
if ( piv==right ) 
pivot_placed=TRUE; 
if ( arr[piv] > arr[right] ) 
{ 
temp=arr[piv]; 
arr[piv]=arr[right]; 
arr[right]=temp; 
piv=right; 
} 
/*Compare from left to right */ 



while( arr[piv]>=arr[left] && left!=piv ) 
left=left+1; 
if (piv==left) 
pivot_placed=TRUE; 
if ( arr[piv] < arr[left] ) 
{ 
temp=arr[piv]; 
arr[piv]=arr[left]; 
arr[left]=temp; 
piv=left; 
} 
}/*End of while */ 
printf (“-> Pivot Placed is %d -> ”,arr[piv]); 
display(arr,low,up); 
printf ("\n"); 
quick(arr,low,piv–1); 
quick(arr,piv+1,up); 
}/*End of quick()*/ 
void main() 
{ 
int array[MAX],n,i; 
clrscr(); 
printf (“\nEnter the number of elements : ”); 
scanf (“%d”,&n); 
for (i=0;i<n;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&array[i]); 
} 
printf (“\nUnsorted list is :\n”); 
display(array,0,n–1); 
printf (“\n”); 
quick (array,0,n–1); 
printf (“\nSorted list is :\n”); 
display(array,0,n–1); 
getch(); 
}/*End of main() */ 
TIME COMPLEXITY 
The time complexity of quick sort can be calculated for any of the following case. It 
is usually measured by the number f (n) of comparisons required to sort n elements. 
WORST CASE 
The worst case occurs when the list is already sorted. In this case the given array is 
partitioned into two sub arrays. One of them is an empty array and another one is an 
array. After partition, when the first element is checked with other element, it will take n 

comparison to recognize that it remain in the position so as (n – 1) comparisons for the 
second position. 



f (n) = n + (n – 1) + ...... + 2 + 1 
= (n (n + 1))/2 
= O(n2) 
AVERAGE CASE 
In this case each reduction step of the algorithm produces two sub arrays. Accordingly 
: 
(a) Reducing the array by placing one element and produces two sub arrays. 
(b) Reducing the two sub-arrays by placing two elements and produces four subarrays. 
(c) Reducing the four sub-arrays by placing four elements and produces eight subarrays. 
And so on. Reduction step in the kth level finds the location at 2k–1 elements; however 
there will be approximately log2 n levels at reduction steps. Furthermore each level 
uses at most n comparisons, 
so f (n) = O(n log n) 
The base case analysis occurs when the array is always partitioned in half, That key 
= A [(low+up)/2] 
f (n) = Cn +f (n/2) + f (n/2) 
= Cn + 2f (n/2) 
= O(n) where C is a constant 
 

MERGE SORT 
 
Merging is the process of combining two or more sorted array into a third sorted array. It was 
one of the first sorting algorithms used on a computer and was developed by John Von  
Neumann. Divide the array into approximately n/2 sub-arrays of size two and set the element in 
each sub array. Merging each sub-array with the adjacent sub-array will get another sorted sub-
array of size four. Repeat this process until there is only one array remaining of size n. Since at 
any time the two arrays being merged are both sub-arrays of A, lower and upper bounds are 
required to indicate the sub-arrays of a being merged. l1 and u1 represents the lower and upper 
bands of the first sub-array and l2 and u2 represents the lower and upper bands of the second 
sub-array respectively. Let A be an array of n number of elements to be sorted A[1], A[2] ...... 
A[n]. 
Step 1: Divide the array A into approximately n/2 sorted sub-array of size 2. i.e., the elements in 
the (A [1], A [2]), (A [3], A [4]), (A [k], A [k + 1]), (A [n – 1], A [n]) sub-arrays are in sorted 
order. 
Step 2: Merge each pair of pairs to obtain the following list of sorted sub-array of size 4; the 
elements in the sub-array are also in the sorted order. (A [1], A [2], A [3], A [4)),...... (A [k – 1], 
A [k], A [k + 1], A [k + 2]), ...... (A [n – 3], A [n – 2], A [n – 1], A [n]. 
Step 3: Repeat the step 2 recursively until there is only one sorted array of size n. To illustrate 
the merge sort algorithm consider the following array with 7 elements [42], [33], [23], [74], [44], 
[67], [49] 

 



 
ALGORITHM 
Let A be a linear array of size n, A [1], A [2], A [3] ...... A [n], l1 and u1 represent lower 
and upper bounds of the first sub-array and l2 and u2 represent the lower and upper 
bound of the second sub-array. Aux is an auxiliary array of size n. Size is the sizes of 
merge files. 
1. Input an array of n elements to be sorted 
2. Size = 1 
3. Repeat through the step 13 while (Size < n) 
(a) set l1 = 0; k = 0 
4. Repeat through step 10 while ((l1+Size) < n) 
(a) l2 = l1+Size 
(b) u1 = l2–1 
5. If ((l2+Size–1) < n) 
(i) u2 = l2+Size–1 
(b) Else 
(i) u2 = n-1 
6. Initialize i = l1; j = l2 and repeat through step 7 if (i <= u1) and ( j < = u2) 
7. If (A [i] < = A[j]) 
(i) Aux [k] = A [i++] 
(b) Else 
(i) Aux [k] = A [j++] 
8. Repeat the step 8 by incrementing the value of k until (i < = u1) 
(a) Aux [k] = A [I++] 
9. Repeat the step 9 by incrementing the value of k until ( j < = u2) 
(a) Aux [k] = A [ j++] 
10. L1=u2+1 
11. Initialize I = l1 and repeat the step 11 if (k < n) by incrementing I by one 
(a) Aux [k++] = A[I] 
12. Initialize I=0 and repeat the step 12 if (I < n) by incrementing I by one 
(a) A [i] = A [I] 
13. Size = Size*2 
14. Exit 
PROGRAM 

//PROGRAM TO IMPLEMENT MERGING OF TWO SORTED ARRAYS 
//INTO A THIRD SORTED ARRAY 



//CODED AND COMPILED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
void main() 
{ 
int arr1[20],arr2[20],arr3[40]; 
int i,j,k; 
int max1,max2; 
clrscr(); 
printf (“\nEnter the number of elements in list1 : ”); 
scanf (“%d”,&max1); 
printf (“\nTake the elements in sorted order :\n”); 
for (i=0;i<max1;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&arr1[i]); 
} 
printf (“\nEnter the number of elements in list2 : ”); 
scanf (“%d”,&max2); 
printf (“\nTake the elements in sorted order :\n”); 
for (i=0;i<max2;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&arr2[i]); 
} 
/* Merging */ 
i=0; /*Index for first array*/ 
j=0; /*Index for second array*/ 
k=0; /*Index for merged array*/ 
while( (i < max1) && (j < max2) ) 
{ 
if ( arr1[i] < arr2[j] ) 
arr3[k++]=arr1[i++]; 
else 
arr3[k++]=arr2[j++]; 
}/*End of while*/ 
/*Put remaining elements of arr1 into arr3*/ 
while( i < max1 ) 
arr3[k++]=arr1[i++]; 
/*Put remaining elements of arr2 into arr3*/ 
while( j < max2 ) 
arr3[k++]=arr2[j++]; 
/*Merging completed*/ 
printf (“\nList 1 : ”); 
for (i=0;i<max1;i++) 
printf (“%d ”,arr1[i]); 



printf (“\nList 2 : ”); 
for (i=0;i<max2;i++) 
printf(“%d ”,arr2[i]); 
printf (“\nMerged list : ”); 
for( i=0;i<max1+max2;i++) 
printf (“%d ”,arr3[i]); 
getch(); 
}/*End of main()*/ 
PROGRAM 

//PROGRAM TO IMPLEMENT MERGE SORT THROUGH RECURSION 
//CODED AND COMPILED IN TURBO C 
#include<stdio.h> 
#include<conio.h> 
#define MAX 20 
int array[MAX]; 
//Function to merge the sub files or arrays 
void merge(int low, int mid, int high ) 
{ 
int temp[MAX]; 
int i = low; 
int j = mid +1 ; 
int k = low ; 
while( (i < = mid) && (j < =high) ) 
{ 
if (array[i] < = array[ j]) 
temp[k++] = array[i++] ; 
else 
temp[k++] = array[ j++] ; 
}/*End of while*/ 
while( i <= mid ) 
temp[k++]=array[i++]; 
while( j <= high ) 
temp[k++]=array[j++]; 
for (i= low; i < = high ; i++) 
array[i]=temp[i]; 
}/*End of merge()*/ 
//Function which call itself to sort an array 
void merge_sort(int low, int high ) 
{ 
int mid; 
if ( low ! = high ) 
{ 
mid = (low+high)/2; 
merge_sort( low , mid ); 
merge_sort( mid+1, high ); 
merge(low, mid, high ); 



} 
}/*End of merge_sort*/ 
void main() 
{ 
int i,n; 
clrscr(); 
printf (“\nEnter the number of elements : ”); 
scanf (“%d”,&n); 
for (i=0;i<n;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&array[i]); 
} 
printf (“\nUnsorted list is :\n”); 
for ( i = 0 ; i<n ; i++) 
printf (“%d ”, array[i]); 
merge_sort( 0, n–1); 
printf (“\nSorted list is :\n”); 
for ( i = 0 ; i<n ; i++) 
printf (“%d ”, array[i]); 
getch(); 
}/*End of main()*/ 
TIME COMPLEXITY 
Let f (n) denote the number of comparisons needed to sort an n element array A 
using the merge sort algorithm. The algorithm requires almost log n passes, each involving 
n or fewer comparisons. 
In average and worst case the merge sort requires O(n log n ) comparisons. 
The main drawback of merge sort is that it requires O(n) additional space for the 
auxiliary array. 
 

HEAP 
A heap is defined as an almost complete binary tree of n nodes such that the value of each node 
is less than or equal to the value of the father. It can be sequentially represented as 
A[ j] <= A[( j – 1)/2] 
for 0 <= [( j – 1)/2] < j <= n – 1 
The root of the binary tree (i.e., the first array element) holds the largest key in the heap. This 
type of heap is usually called descending heap or mere heap, as the path from the root node to a 
terminal node forms an ordered list of elements arranged in descending order. Figshows a heap. 



 
HEAP AS A PRIORITY QUEUE 
A heap is very useful in implementing priority queue. The priority queue is a data 
structure in which the intrinsic ordering of the data items determines the result of its 
basic operations. Primarily queues can be classified into two types: 
1. Ascending priority queue 
2. Descending priority queue 
An ascending priority queue can be defined as a group of elements to which new 
elements are inserted arbitrarily but only the smallest element is deleted from it. On the 
other hand a descending priority queue can be defined as a group of elements to which 
new elements are inserted arbitrarily but only the largest element is deleted from it. 
The implementation of the Heap as a priority queue is left to the readers. 

HEAP SORT 
A heap can be used to sort a set of elements. Let H be a heap with n elements and it 
can be sequentially represented by an array A. Inset an element data into the heap H as 
follows: 
1. First place data at the end of H so that H is still a complete tree, but not necessarily 
a heap. 
2. Then the data be raised to its appropriate place in H so that H is finally a heap. 
To understand the concept of insertion of data into a heap is illustrated with following 
two examples: 
INSERTING AN ELEMENT TO A HEAP 
Consider the heap H in Fig above. Say we want to add a data = 55 to H. 
Step 1: First we adjoin 55 as the next element in the complete tree as shown in Fig. 
below. Now we have to find the appropriate place for 55 in the heap by rearranging it. 



 
Step 2: Compare 55 with its parent 23. Since 55 is greater than 23, interchange 23 
and 55. Now the heap will look like as in Fig. below 

 
Step 3: Compare 55 with its parent 42. Since 55 is greater than 42, interchange 55 
and 42. Now the heap will look like as in Fig below 

 
Step 4: Compare 55 with its new parent 74. Since 55 is less than 74, it is the 



appropriate place of node 55 in the heap H. Fig. 6.4 shows the final heap tree. 
CREATING A HEAP 
A heap H can be created from the following list of numbers 33, 42, 67, 23, 44, 49, 74 
as illustrated below : 
Step 1: Create a node to insert the first number (i.e., 33) as shown Fig below 

 
Step 2: Read the second element and add as the left child of 33 as shown Fig. 6.6. 
Then restructure the heap if necessary. 

 
Compare the 42 with its parent 33, since newly added node (i.e., 42) is greater than 
33 interchange node information as shown Fig. below 

 
Step 3: Read the 3rd element and add as the right child of 42 as shown Fig. 6.8. 
Then restructure the heap if necessary. 

 
Compare the 67 with its parent 42, since newly added node (i.e., 67) is greater than 
42 interchange node information as shown Fig below 

 
Step 4: Read the 4th element and add as the left child of 33 as shown Fig. 6.9. Then 
restructure the heap if necessary. 



 
Since newly added node (i.e., 23) is less than its parent 33, no interchange. 
Step 5: Read the 5th element and add as the right child of 33 as shown Fig. 6.10. 
Then restructure the heap if necessary. 

 
Compare the 44 with its parent 33, since newly added node (i.e., 44) is greater than 
33 interchange node information as shown Fig.below 
 

 
Step 6: Read the 6th element and add as the left child of 42 as shown Fig. 6.12. Then 
restructure the heap if necessary. 



 
Compare the (newly added node) 49 with its parent 42, since newly added node (i.e., 
49) is greater than 42 interchange node information as shown Fig.below 

 
Step 7: Read the 7th element and add as the left child of 49 as shown Fig. 6.14. Then 
restructure the heap if necessary. 

 
Compare the (newly added node) 74 with its parent 49, since newly added node (i.e., 
74) is greater than 49 interchange node information as shown Fig.below 



 
Compare the recently changed node 74 with its parent 67, since it is greater than 67 
interchange node information as shown Fig. below 

 
ALGORITHM 
Let H be a heap with n elements stored in the array HA. This procedure will insert a 
new element data in H. LOC is the present location of the newly added node. And PAR 
denotes the location of the parent of the newly added node. 
1. Input n elements in the heap H. 
2. Add new node by incrementing the size of the heap H: n = n + 1 and LOC = n 

3. Repeat step 4 to 7 while (LOC < 1) 
4. PAR = LOC/2 
5. If (data <= HA[PAR]) 
(a) HA[LOC] = data 
(b) Exit 
6. HA[LOC] = HA[PAR] 
7. LOC = PAR 
8. HA[1] = data 
9. Exit 
DELETING THE ROOT OF A HEAP 
Let H be a heap with n elements. The root R of H can be deleted as follows: 
(a) Assign the root R to some variable data. 
(b) Replace the deleted node R by the last node (or recently added node) L of H so 
that H is still a complete tree, but not necessarily a heap. 
(c) Now rearrange H in such a way by placing L (new root) at the appropriate place, 
so that H is finally a heap. 
Consider the heap H in Fig. 6.4 where R = 74 is the root and L = 23 is the last node 



(or recently added node) of the tree. Suppose we want to delete the root node R = 74. Apply 
the above rules to delete the root. Delete the root node R and assign it to data (i.e., data = 
74) as shown in Fig. below 

 
Replace the deleted root node R by the last node L as shown in the Fig. below 

 
Compare 23 with its new two children 55 and 67. Since 23 is less than the largest 
child 67, interchange 23 and 67. The new tree looks like as in Fig. below 

 
Again compare 23 with its new two children, 44 and 49. Since 23 is less than the 
largest child 49, interchange 23 and 49as shown in Fig. below 



 
 
The Fig above is the required heap H without its original root R. 
ALGORITHM 
Let H be a heap with n elements stored in the array HA. data is the item of the node 
to be removed. Last gives the information about last node of H. The LOC, left, right gives 
the location of Last and its left and right children as the Last rearranges in the appropriate 
place in the tree. 
1. Input n elements in the heap H 
2. Data = HA[1]; last = HA[n] and n = n – 1 
3. LOC = 1, left = 2 and right = 3 
4. Repeat the steps 5, 6 and 7 while (right <= n) 
5. If (last >= HA[left]) and (last >= HA[right]) 
(a) HA[LOC] = last 
(b) Exit 
6. If (HA[right] <= HA[left]) 
(i) HA[LOC] = HA[left] 
(ii) LOC = left 
(b) Else 
(i) HA[LOC] = HA[right] 
(ii) LOC = right 
7. left = 2 × LOC; right = left +1 
8. If (left = n ) and (last < HA[left]) 
(a) LOC = left 
9. HA[LOC] = last 
10. Exit 
PROGRAM 
//PROGRAM TO IMPLEMENT HEAP SORT USING ARRAYS 
//CODED AND IMPLEMENTED IN TURBO C 
#include<conio.h> 
#include<stdio.h> 
int arr[20],n; 
//Function to display the elements in the array 
void display() 
{ int i; 
for(i=0;i<n;i++) 
printf (“%d ”,arr[i]); 



printf (“\n”); 
}/*End of display()*/ 
//Function to insert an element to the heap 
void insert(int num,int loc) 
{ 
int par; 
while(loc>0) 
{ 
par=(loc–1)/2; 
if (num<=arr[par]) 
{ 
arr[loc]=num; 
return; 
} 
arr[loc]=arr[par]; 
loc=par; 
}/*End of while*/ 
arr[0]=num; 
}/*End of insert()*/ 
//This function to create a heap 
void create_heap() 
{ 
int i; 
for(i=0;i<n;i++) 
insert(arr[i],i); 
}/*End of create_heap()*/ 
//Function to delete the root node of the tree 
void del_root(int last) 
{ 
int left,right,i,temp; 
i=0; /*Since every time we have to replace root with last*/ 
/*Exchange last element with the root */ 
temp=arr[i]; 
arr[i]=arr[last]; 
arr[last]=temp; 
left=2*i+1; /*left child of root*/ 
right=2*i+2;/*right child of root*/ 
while( right < last) 
{ 
if ( arr[i]>=arr[left] && arr[i]>=arr[right] ) 
return; 
if ( arr[right]<=arr[left] ) 
{ 
temp=arr[i]; 
arr[i]=arr[left]; 
arr[left]=temp; 



i=left; 
} 
else 
{ 
temp=arr[i]; 
arr[i]=arr[right]; 
arr[right]=temp; 
i=right; 
} 
left=2*i+1; 
right=2*i+2; 
}/*End of while*/ 
if ( left==last–1 && arr[i]<arr[left] )/*right==last*/ 
{ 
temp=arr[i]; 
arr[i]=arr[left]; 
arr[left]=temp; 
} 
}/*End of del_root*/ 
//Function to sort an element in the heap 
void heap_sort() 
{ 
int last; 
for(last=n–1; last>0; last--) 
del_root(last); 
}/*End of del_root*/ 
void main() 
{ 
int i; 
clrscr(); 
printf (“\nEnter number of elements : ”); 
scanf (“%d”,&n); 
for(i=0;i<n;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&arr[i]); 
} 
printf (“\nEntered list is :\n”); 
display(); 
create_heap(); 
printf (“\nHeap is :\n”); 
display(); 
heap_sort(); 
printf (“\nSorted list is :\n”); 
display(); 
getch(); 



}/*End of main()*/ 
TIME COMPLEXITY 
When we calculate the time complexity of the heap sort algorithm, we need to analyse 
the two phases separately. 
Phase 1: Let H be a heap and suppose you want to insert a new element data in H. 
Then few comparisons are required to locate the appropriate place, and it cannot exceed 
the depth of H. Since H is a complete tree, its depth is bounded by log m where m is the 
number of elements in H. Then 
f (n) = O(n log n) 
Note that the number of comparison in the worst case is O(n log n) 
In the second phase we analyse the complexity of the algorithm to delete a root 
element from the heap H with n elements. 
Phase 2: Suppose H is a complete tree with n – 1 = m elements, and suppose the left 
and right sub tree of H are heaps and L is the root of H. Rearranging the node L will take 
four comparisons to move one step down in the tree H. Since the depth of H does not 
exceed log2 m, rearranging will take at most 4 log2 m comparisons to find the appropriate 
place of L in the tree H. 
f (n) = 4n log2 n 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 7 Searching And Hasing 
 

Searching is a process of checking and finding an element from a list of elements. Let A be a 
collection of data elements, i.e., A is a linear array of say n elements. If we want to find the 
presence of an element “data” in A, then we have to search for it. The search is successful if data 

does appear in A and unsuccessful if otherwise. There are several types of searching techniques; 
one has some advantage(s) over other. Following are the three important searching techniques : 
1. Linear or Sequential Searching 
2. Binary Searching 
3. Fibanocci Search 
LINEAR OR SEQUENTIAL SEARCHING 
In linear search, each element of an array is read one by one sequentially and it is 
compared with the desired element. A search will be unsuccessful if all the elements are 
read and the desired element is not found. 
ALGORITHM FOR LINEAR SEARCH 
Let A be an array of n elements, A[1],A[2],A[3], ...... A[n]. “data” is the element to be 
searched. Then this algorithm will find the location “loc” of data in A. Set loc = – 1,if the 
search is unsuccessful. 
1. Input an array A of n elements and “data” to be searched and initialise loc = – 1. 
2. Initialise i = 0; and repeat through step 3 if (i < n) by incrementing i by one . 
3. If (data = A[i]) 
(a) loc = i 
(b) GOTO step 4 
4. If (loc > 0) 
(a) Display “data is found and searching is successful” 
5. Else 
(a) Display “data is not found and searching is unsuccessful” 
6. Exit 
PROGRAM 

//PROGRAM TO IMPLEMENT SEQUENTIAL SEARCHING 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<stdio.h> 
void main() 
{ 
char opt; 
int arr[20],n,i,item; 
clrscr(); 
printf (“\nHow many elements you want to enter in the array : ”); 
scanf (“%d”,&n); 
for(i=0; i < n;i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”, &arr[i]); 
} 
printf (“\n\nPress any key to continue....”); 



getch(); 
do 
{ 
clrscr(); 
printf (“\nEnter the element to be searched : ”); 
scanf (“%d”,&item); //Input the item to be searched 
for(i=0;i < n;i++) 
{ 
if item == arr[i]) 
{ 
printf (“\n%d found at position %d\n”,item,i+1); 
break; 
} 
}/*End of for*/ 
if (i == n) 
printf (“\nItem %d not found in array\n”,item); 
printf (“\n\nPress (Y/y) to continue : ”); 
fflush(stdin); 
scanf (“%c”,&opt); 
}while(opt == ‘Y’ || opt == ‘y’); 
} 
TIME COMPLEXITY 
Time Complexity of the linear search is found by number of comparisons made in 
searching a record. 
In the best case, the desired element is present in the first position of the array, i.e., 
only one comparison is made. So f (n) = O(1). 
In the Average case, the desired element is found in the half position of the array, 
then f (n) = O[(n + 1)/2]. 
But in the worst case the desired element is present in the nth (or last) position of 
the array, so n comparisons are made. So f (n) = O(n + 1). 
 
BINARY SEARCH 
 
Binary search is an extremely efficient algorithm when it is compared to linear search. Binary 
search technique searches “data” in minimum possible comparisons. Suppose the given array is a 
sorted one, otherwise first we have to sort the array elements. Then apply the following 
conditions to search a “data”.  
1. Find the middle element of the array (i.e., n/2 is the middle element if the array 
or the sub-array contains n elements). 
2. Compare the middle element with the data to be searched, then there are following 
three cases. 
(a) If it is a desired element, then search is successful. 
(b) If it is less than desired data, then search only the first half of the array, i.e., 

the elements which come to the left side of the middle element. 
(c) If it is greater than the desired data, then search only the second half of the 
array, i.e., the elements which come to the right side of the middle element. 



Repeat the same steps until an element is found or exhaust the search area. 
ALGORITHM FOR BINARY SEARCH 
Let A be an array of n elements A[1],A[2],A[3],...... A[n]. “Data” is an element to be 
searched. “mid” denotes the middle location of a segment (or array or sub-array) of the 
element of A. LB and UB is the lower and upper bound of the array which is under 
consideration. 

 
1.Input an array A of n elements and “data” to be sorted 
2. LB = 0, UB = n; mid = int ((LB+UB)/2) 
3. Repeat step 4 and 5 while (LB <= UB) and (A[mid] ! = data) 
4. If (data < A[mid]) 
(a) UB = mid–1 
5. Else 
(a) LB = mid + 1 
6. Mid = int ((LB + UB)/2) 
7. If (A[mid]== data) 
(a) Display “the data found” 
8. Else 
(a) Display “the data is not found” 
9. Exit 
Suppose we have an array of 7 elements 

 
Following steps are generated if we binary search a data = 45 from the above array. 

Step 1:  
 
LB = 0; UB = 6 
mid = (0 + 6)/2 = 3 
A[mid] = A[3] = 30 
Step 2: 
Since (A[3] < data) - i.e., 30 < 45 - reinitialise the variable LB, UB and mid 

 



LB = 3 UB = 6 
mid = (3 + 6)/2 = 4 
A[mid] = A[4] = 40 
Step 3: 
Since (A[4] < data) - i.e., 40 < 45 - reinitialise the variable LB, UB and mid 

 
LB = 4 UB = 6 
mid = (4 + 6)/2 = 5 
A[mid] = A[5] = 45 
Step 4: 
Since (A[5] == data) - i.e., 45 == 45 - searching is successful. 
PROGRAM 

//PROGRAM TO IMPLEMENT THE BINARY SEARCH 
//CODED AND COMPILED USING TURBO C 
#include<conio.h> 
#include<stdio.h> 
void main() 
{ 
char opt; 
int arr[20],start,end,middle,n,i,item; 
clrscr(); 
printf (“\nHow many elements you want to enter in the array : ”); 
scanf (“%d”,&n); 
for(i=0; i < n; i++) 
{ 
printf (“\nEnter element %d : ”,i+1); 
scanf (“%d”,&arr[i]); 
} 
printf (“\n\nPress any key to continue...”); 
getch(); 
do 
{ 
clrscr(); 
printf (“\nEnter the element to be searched : ”); 
scanf (“%d”,&item); 
start=0; 
end=n – 1; 
middle=(start + end)/2; 
while(item != arr[middle] && start <= end) 
{ 
if (item > arr[middle]) 
start=middle+1; 



else 
end=middle-1; 
middle=(start+end)/2; 
} 
if (item==arr[middle]) 
printf(“\n%d found at position %d\n”,item,middle + 1); 
if (start>end) 
printf (“\n%d not found in array\n”,item); 
printf (“\n\nPree (Y/y) to continue : ”); 
fflush(stdin); 
scanf (“%c”,&opt); 
}while(opt == ‘Y’ || opt == ‘y’); 
}/*End of main()*/ 
TIME COMPLEXITY 
Time Complexity is measured by the number f (n) of comparisons to locate “data” in 
A, which contain n elements. Observe that in each comparison the size of the search area 
is reduced by half. Hence in the worst case, at most log2 n comparisons required. So f (n) 
= O([log2 n ]+1). 
Time Complexity in the average case is almost approximately equal to the running 
time of the worst case. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 8 Trees 
Trees are very flexible, versatile and powerful non-liner data structure that can be 
used to represent data items possessing hierarchical relationship between the grand father 
and his children and grand children as so on. 

 
    A tree 

A tree is an ideal data structure for representing hierarchical data. A tree can be 
theoretically defined as a finite set of one or more data items (or nodes) such that : 
1. There is a special node called the root of the tree. 
2. Removing nodes (or data item) are partitioned into number of mutually exclusive 
(i.e., disjoined) subsets each of which is itself a tree, are called sub tree. 
BASIC TERMINOLOGIES 
Root is a specially designed node (or data items) in a tree. It is the first node in the 
hierarchical arrangement of the data items. ‘A’ is a root node in the Fig. 8.1. Each data 
item in a tree is called a node. It specifies the data information and links (branches) to 
other data items. 



 

 

 

 
 

 



Consider a binary tree T  in Fig. below. Here ‘A’ is the root node of the binary tree T. Then ‘B’ 
is the left child of ‘A’ and ‘C’ is the right child of ‘A’ i.e., ‘A’ is a father of ‘B’ and ‘C’. The 
node ‘B’ and ‘C’ are called brothers, since they are left and right child of the same father. If a 
node has no child then it is called a leaf node. Nodes P,H,I,F,J are leaf node in Fig. below 

 
Binary tree 

The tree is said to be strictly binary tree, if every non-leaf made in a binary tree has non-empty 
left and right sub trees. A strictly binary tree with n leaves always contains 2n– 1 nodes. The tree 
in Fig. 8.4 is strictly binary tree, where as the tree in Fig. 8.3 is not. That is every node in the 
strictly binary tree can have either no children or two children. They are also called 2-tree or 
extended binary tree. 

 
Strictly binary tree 

The main application of a 2-tree is to represent and compute any algebraic expression 
using binary operation. 
For example, consider an algebraic expression E. 
E = (a + b)/((c – d )*e) 
E can be represented by means of the extended binary tree T as shown in Fig. 8.5. 
Each variable or constant in E appears as an internal node in T whose left and right sub 
tree corresponds to the operands of the operation. 



 
A complete binary tree at depth ‘d’ is the strictly binary tree, where all the leaves are 
at level d. Fig below  illustration the complete binary tree of depth 2. 

 
A binary tree with n nodes, n > 0, has exactly n – 1 edges. A binary tree of depth d, 
d > 0, has at least d and at mast 2d – 1 nodes in it. If a binary tree contains n nodes at level 
l, then it contains at most 2n nodes at level l + 1. A complete binary tree of depth d is the 
binary tree of depth d contains exactly 2 l nodes at each level l between 0 and d. 
Finally, let us discuss in briefly the main difference between a binary tree and 
ordinary tree is: 
1. A binary tree can be empty where as a tree cannot. 
2. Each element in binary tree has exactly two sub trees (one or both of these sub 
trees may be empty). Each element in a tree can have any number of sub trees. 
3. The sub tree of each element in a binary tree are ordered, left and right sub trees. 
The sub trees in a tree are unordered. 
If a binary tree has only left sub trees, then it is called left skewed binary tree. Fig. 
Below left  is a left skewed binary tree. 



 
 

If a binary tree has only right sub trees, then it is called right skewed binary tree. 
Above right is a right skewed binary tree. 
BINARY TREE REPRESENTATION 
This section discusses two ways of representing binary tree T in memory : 
1. Sequential representation using arrays 
2. Linked list representation 
ARRAY REPRESENTATION 
An array can be used to store the nodes of a binary tree. The nodes stored in an 
array of memory can be accessed sequentially. 
Suppose a binary tree T of depth d. Then at most 2d – 1 nodes can be there in T.(i.e., 

SIZE = 2d–1) So the array of size “SIZE” to represent the binary tree. Consider a binary tree 
in Fig below of depth 3. Then SIZE = 23 – 1 = 7. Then the array A[7] is declared to hold the 
nodes. 

 



 
The array representation of the binary tree is shown in Fig. 8.9. To perform any 
operation often we have to identify the father, the left child and right child of an arbitrary 
node. 
1. The father of a node having index n can be obtained by (n – 1)/2. For example to 
find the father of D, where array index n = 3. Then the father nodes index can be obtained 
= (n – 1)/2 
= 3 – 1/2 
= 2/2 
= 1 
i.e., A[1] is the father D, which is B. 
2. The left child of a node having index n can be obtained by (2n+1). For example to 
find the left child of C, where array index n = 2. Then it can be obtained by 
= (2n +1) 
= 2*2 + 1 
= 4 + 1 
= 5 
i.e., A[5] is the left child of C, which is NULL. So no left child for C. 
3. The right child of a node having array index n can be obtained by the formula (2n 

+ 2). For example to find the right child of B, where the array index n = 1. Then 
= (2n + 2) 
= 2*1 + 2 
= 4 
i.e., A[4] is the right child of B, which is E. 
4. If the left child is at array index n, then its right brother is at (n + 1). Similarly, if 
the right child is at index n, then its left brother is at (n – 1). 
The array representation is more ideal for the complete binary tree. The Fig. above  is 
not a complete binary tree. Since there is no left child for node C, i.e., A[5] is vacant. Even 
though memory is allocated for A[5] it is not used, so wasted unnecessarily. 
LINKED LIST REPRESENTATION 
The most popular and practical way of representing a binary tree is using linked list 
(or pointers). In linked list, every element is represented as nodes. A node consists of three 
fields such as : 
(a) Left Child (LChild) 
(b) Information of the Node (Info) 
(c) Right Child (RChild) 



 

 

 



 
4. Deleting a Node 
5. Searching for a Node 
6. Copying the mirror image of a tree 
7. Determine the total no: of Nodes 
8. Determine the total no: leaf Nodes 
9. Determine the total no: non-leaf Nodes 
10. Find the smallest element in a Node 
11. Finding the largest element 
12. Find the Height of the tree 
13. Finding the Father/Left Child/Right Child/Brother of an arbitrary node 
Some primitive operations are discussed in the following sections. Implementation 
other operations are left to the reader. 
TRAVERSING BINARY TREES RECURSIVELY 
Tree traversal is one of the most common operations performed on tree data structures. 
It is a way in which each node in the tree is visited exactly once in a systematic 
manner. There are three standard ways of traversing a binary tree. They are: 
1. Pre Order Traversal (Node-left-right) 
2. In order Traversal (Left-node-right) 
3. Post Order Traversal (Left-right-node) 
PRE ORDERS TRAVERSAL RECURSIVELY 
To traverse a non-empty binary tree in pre order following steps one to be processed 
1. Visit the root node 
2. Traverse the left sub tree in preorder 
3. Traverse the right sub tree in preorder 
That is, in preorder traversal, the root node is visited (or processed) first, before 
traveling through left and right sub trees recursively. It can be implement in C/C++ function 
as below : 
void preorder (Node * Root) 
{ 
If (Root != NULL) 
{ 
printf (“%d\n”,Root Info); 
preorder(Root L child); 
preorder(Root R child); 
} 
} 



 
The preorder traversal of a binary tree in Fig. 8.12 is A, B, D, E, H, I, C, F, G, J. 
IN ORDER TRAVERSAL RECURSIVELY 
The in order traversal of a non-empty binary tree is defined as follows : 
1. Traverse the left sub tree in order 
2. Visit the root node 
3. Traverse the right sub tree in order 
In order traversal, the left sub tree is traversed recursively, before visiting the root. 
After visiting the root the right sub tree is traversed recursively, in order fashion. The 
procedure for an in order traversal is given below : 
void inorder (NODE *Root) 
{ 
If (Root != NULL) 
{ 
inorder(Root L child); 
printf (“%d\n”,Root info); 
inorder(Root R child); 
} 
} 
The in order traversal of a binary tree in Fig. 8.12 is D, B, H, E, I, A, F, C, J, G. 
POST ORDER TRAVERSAL RECURSIVELY 
The post order traversal of a non-empty binary tree can be defined as : 
1. Traverse the left sub tree in post order 
2. Traverse the right sub tree in post order 
3. Visit the root node 
In Post Order traversal, the left and right sub tree(s) are recursively processed before 
visiting the root. 
void postorder (NODE *Root) 
{ 
If (Root != NULL) 
{ 
postorder(Root Lchild); 
postorder(Root Rchild); 
printf (“%d\n”,Root à info); 



} 
} 
The post order traversal of a binary tree in Fig. 8.12 is D, H, I, E, B, F, J, G, C, A 
PROGRAM 

//PROGRAM TO IMPLEMENT THE INSERTION AND DELETION IN B TREE 
//CODED AND COMPILED USING TURBO C 
#include<stdlib.h> 
#include<malloc.h> 
#include<conio.h> 
#include<stdio.h> 
#define M 5 
//Structure is defined 
struct node{ 
int n; /* n < M No. of keys in node will always less than order of B tree */ 
int keys[M–1]; /*array of keys*/ 
struct node *p[M]; /* (n+1 pointers will be in use) */ 
}*root=NULL; 
typedef struct node *NODE; 
enum Key Status { Duplicate,Search Failure,Success,InsertIt,Less Keys }; 
//Function declrations 
void insert(int key); 
void display(NODE root,int); 
void DelNode(int x); 
void search(int x); 
enum KeyStatus ins(NODE r, int x, int* y, NODE * u); 
int searchPos(int x,int *key_arr, int n); 
enum KeyStatus del(NODE r, int x); 
void main() 
{ 
int key; 
int choice; 
while(1) 
{ 
clrscr();//Clear the screen 
//Menu options 
printf (“\n1.Insert\n”); 
printf (“2.Delete\n”); 
printf (“3.Search\n”); 
printf (“4.Display\n”); 
printf (“5.Quit\n”); 
printf (“\nEnter your choice : ”); 
scanf (“%d”,&choice); 
switch(choice) 
{ 
case 1: 
printf (“\nEnter the key : ”); 



scanf (“%d”,&key); 
insert(key); 
break; 
case 2: 
printf (“\nEnter the key : ”); 
scanf (“%d”,&key); 
DelNode(key); 
break; 
case 3: 
printf (“\nEnter the key : ”); 
scanf (“%d”,&key); 
search(key); 
getch(); 
break; 
case 4: 
printf (“\nBtree is :\n”); 
display(root,0); 
getch(); 
break; 
case 5: 
exit(1); 
default: 
printf (“\nWrong choice\n”); 
getch(); 
break; 
}/*End of switch*/ 
}/*End of while*/ 
}/*End of main()*/ 
void insert(int key) 
{ 
NODE newnode; 
int upKey; 
enum KeyStatus value; 
value = ins(root, key, &upKey, &newnode); 
//Cheking for duplicate keys 
if (value == Duplicate) 
{ 
printf(“\nKey already available\n”); 
getch(); 
} 
if (value == InsertIt) 
{ 
NODE uproot = root; 
//Allocating memory 
root=(NODE)malloc(sizeof(struct node)); 
root->n = 1; 



root->keys[0] = upKey; 
root->p[0] = uproot; 
root->p[1] = newnode; 
}/*End of if */ 
}/*End of insert()*/ 
enum KeyStatus ins(NODE ptr, int key, int *upKey,NODE *newnode) 
{ 
NODE newPtr,lastPtr; 
int pos, i, n,splitPos; 
int newKey, lastKey; 
enum KeyStatus value; 
if (ptr == NULL) 
{ 
*newnode = NULL; 
*upKey = key; 
return InsertIt; 
} 
n = ptr->n; 
pos = searchPos(key, ptr->keys, n); 
if (pos < n && key == ptr->keys[pos]) 
return Duplicate; 
value = ins(ptr->p[pos], key, &newKey, &newPtr); 
if (value != InsertIt) 
return value; 
/*If keys in node is less than M–1 where M is order of B tree*/ 
if (n < M – 1) 
{ 
pos = searchPos(newKey, ptr->keys, n); 
/*Shifting the key and pointer right for inserting the new key*/ 
for (i=n; i>pos; i--) 
{ 
ptr->keys[i] = ptr->keys[i–1]; 
ptr->p[i+1] = ptr->p[i]; 
} 
/*Key is inserted at exact location*/ 
ptr->keys[pos] = newKey; 
ptr->p[pos+1] = newPtr; 
++ptr->n; /*incrementing the number of keys in node*/ 
return Success; 
}/*End of if */ 
/*If keys in nodes are maximum and position of node to be inserted is last*/ 
if (pos == M – 1) 
{ 
lastKey = newKey; 
lastPtr = newPtr; 
} 



else /*If keys in node are maximum and position of node to be inserted is not last*/ 
{ 
lastKey = ptr->keys[M–2]; 
lastPtr = ptr->p[M–1]; 
for (i=M–2; i>pos; i--) 
{ 
ptr->keys[i] = ptr->keys[i–1]; 
ptr->p[i+1] = ptr->p[i]; 
} 
ptr->keys[pos] = newKey; 
ptr->p[pos+1] = newPtr; 
} 
splitPos = (M – 1)/2; 
(*upKey) = ptr->keys[splitPos]; 
(*newnode)=(NODE)malloc(sizeof(struct node));/*Right node after split*/ 
ptr->n = splitPos; /*No. of keys for left splitted node*/ 
(*newnode)->n = M–1-splitPos;/*No. of keys for right splitted node*/ 
for (i=0; i < (*newnode)->n; i++) 
{ 
(*newnode)->p[i] = ptr->p[i + splitPos + 1]; 
if(i < (*newnode)->n – 1) 
(*newnode)->keys[i] = ptr->keys[i + splitPos + 1]; 
else 
(*newnode)->keys[i] = lastKey; 
} 
(*newnode)->p[(*newnode)->n] = lastPtr; 
return InsertIt; 
}/*End of ins()*/ 
void display(NODE ptr, int blanks) 
{ 
if (ptr) 
{ 
int i; 
for(i=1;i<=blanks;i++) 
printf (“ ”); 
for (i=0; i < ptr->n; i++) 
printf (“%d ”,ptr->keys[i]); 
printf (“\n”); 
for (i=0; i <= ptr->n; i++) 
display(ptr->p[i], blanks+10); 
}/*End of if*/ 
}/*End of display()*/ 
void search(int key) 
{ 
int pos, i, n; 
NODE ptr = root; 



printf (“\nSearch path:\n”); 
while (ptr) 
{ 
n = ptr->n; 
for (i=0; i < ptr->n; i++) 
printf (“ %d”,ptr->keys[i]); 
printf (“\n”); 
pos = searchPos(key, ptr->keys, n); 
if (pos < n && key == ptr->keys[pos]) 
{ 
printf (“\nKey %d found in position %d of last dispalyed node\n”,key,i); 
return; 
} 
ptr = ptr->p[pos]; 
} 
printf (“\nKey %d is not available\n”,key); 
}/*End of search()*/ 
int searchPos(int key, int *key_arr, int n) 
{ 
int pos=0; 
while (pos < n && key > key_arr[pos]) 
pos++; 
return pos; 
}/*End of searchPos()*/ 
void DelNode(int key) 
{ 
NODE uproot; 
enum KeyStatus value; 
value = del(root,key); 
switch (value) 
{ 
case SearchFailure: 
printf(“\nKey %d is not available\n”,key); 
break; 
case LessKeys: 
uproot = root; 
root = root->p[0]; 
free(uproot); 
break; 
}/*End of switch*/ 
}/*End of delnode()*/ 
enum KeyStatus del(NODE ptr, int key) 
{ 
int pos, i, pivot, n ,min; 
int *key_arr; 
enum KeyStatus value; 



NODE *p,lptr,rptr; 
if (ptr == NULL) 
return SearchFailure; 
/*Assigns values of node*/ 
n=ptr->n; 
key_arr = ptr->keys; 
p = ptr->p; 
min = (M – 1)/2;/*Minimum number of keys*/ 
pos = searchPos(key, key_arr, n); 
if (p[0] == NULL) 
{ 
if (pos == n || key < key_arr[pos]) 
return SearchFailure; 
/*Shift keys and pointers left*/ 
for (i=pos+1; i < n; i++) 
{ 
key_arr[i–1] = key_arr[i]; 
p[i] = p[i+1]; 
} 
return --ptr->n >= (ptr==root ? 1 : min) ? Success : LessKeys; 
}/*End of if */ 
if (pos < n && key == key_arr[pos]) 
{ 
struct node *qp = p[pos], *qp1; 
int nkey; 
while(1) 
{ 
nkey = qp->n; 
qp1 = qp->p[nkey]; 
if (qp1 == NULL) 
break; 
qp = qp1; 
}/*End of while*/ 
key_arr[pos] = qp->keys[nkey–1]; 
qp->keys[nkey – 1] = key; 
}/*End of if */ 
value = del(p[pos], key); 
if (value != LessKeys) 
return value; 
if (pos > 0 && p[pos–1]->n > min) 
{ 
pivot = pos – 1; /*pivot for left and right node*/ 
lptr = p[pivot]; 
rptr = p[pos]; 
/*Assigns values for right node*/ 
rptr->p[rptr->n + 1] = rptr->p[rptr->n]; 



for (i=rptr->n; i>0; i--) 
{ 
rptr->keys[i] = rptr->keys[i–1]; 
rptr->p[i] = rptr->p[i–1]; 
} 
rptr->n++; 
rptr->keys[0] = key_arr[pivot]; 
rptr->p[0] = lptr->p[lptr->n]; 
key_arr[pivot] = lptr->keys[--lptr->n]; 
return Success; 
}/*End of if */ 
if (pos<n && p[pos+1]->n > min) 
{ 
pivot = pos; /*pivot for left and right node*/ 
lptr = p[pivot]; 
rptr = p[pivot+1]; 
/*Assigns values for left node*/ 
lptr->keys[lptr->n] = key_arr[pivot]; 
lptr->p[lptr->n + 1] = rptr->p[0]; 
key_arr[pivot] = rptr->keys[0]; 
lptr->n++; 
rptr->n--; 
for (i=0; i < rptr->n; i++) 
{ 
rptr->keys[i] = rptr->keys[i+1]; 
rptr->p[i] = rptr->p[i+1]; 
}/*End of for*/ 
rptr->p[rptr->n] = rptr->p[rptr->n + 1]; 
return Success; 
}/*End of if */ 
if(pos == n) 
pivot = pos–1; 
else 
pivot = pos; 
lptr = p[pivot]; 
rptr = p[pivot+1]; 
/*merge right node with left node*/ 
lptr->keys[lptr->n] = key_arr[pivot]; 
lptr->p[lptr->n + 1] = rptr->p[0]; 
for (i=0; i < rptr->n; i++) 
{ 
lptr->keys[lptr->n + 1 + i] = rptr->keys[i]; 
lptr->p[lptr->n + 2 + i] = rptr->p[i+1]; 
} 
lptr->n = lptr->n + rptr->n +1; 
free(rptr); /*Remove right node*/ 



for (i=pos+1; i < n; i++) 
{ 
key_arr[i–1] = key_arr[i]; 
p[i] = p[i+1]; 
} 
return --ptr->n >= (ptr == root ? 1 : min) ? Success : LessKeys; 
}/*End of del()*/ 
TRAVERSING BINARY TREE NON-RECURSIVELY 
In this section we will discuss the implementation of three standard traversals algorithms, 
which were defined recursively in the last section, non-recursively using stack. 
PREORDER TRAVERSAL NON-RECURSIVELY 
The preorder traversal non-recursively algorithms uses a variable PN (Present Node), 
which will contain the location of the node currently being scanned. Left(R) denotes the 
left child of the node R and Right(R) denoted the right child of R. A stack is used to hold the 
addresses of the nodes to be processed. Info(R) denotes the information of the node R. 
Preorder traversal starts with root node of the tree i.e., PN = ROOT. Then repeat thebelow 
following steps until PN = NULL. 
Step 1: Process the node PN. If any right child is there for PN, push the Right (PN) 
into the top of the stack and proceed down to left by PN = Left (PN), if any left child is there 
(i.e., Left (PN) not equal to NULL). 
Repeat the step 2 until there is no left child (i.e., Left (PN) = NULL). 
Step 2: Now we have to go back to the right node(s) by backtracking the tree. This 
can be achieved by popping the top most element of the stack. Pop the top element from 
the stack and assigns to PN. 
Step 3: If (PN is not equal to NULL) go to the Step 1 
Step 4: Exit 
The implementation of the preorder non-recursively traversal algorithm can be illustrated 
with an example. Consider a binary tree in Fig . Following steps are generated 
when the algorithm is applied to the following binary tree : 
 
 

 
1. Initialize the Root node to PN 
SATCK : 



PN = ROOT (i.e., PN = A) 
2. Process the node PN (i.e., A) 
If PN has the right child push it into stack (i.e., C) 
If PN has the left child proceed down to left by PN = Left(A) (i.e., PN = B) 
STACK: C 
3. Process the node PN (i.e., B) 
If PN has the right child (i.e., Right (PN) not equal to NULL) then push the right child 
of PN into the stack (i.e., Right(B) is E) 
If PN has the left child proceed down to left by PN = Left(B) (i.e., Now PN = D) 
STACK: C, E 
4. Process or display the node PN (i.e., D) 
If PN has the right child, then push the right child of PN into the stack (i.e., Right(D) 
is G) 
If PN has the left child proceed down to left. Here Left(PN) is equal to NULL, so no left 
child. 
STACK: C, E, G 
5. Now the backtracking process will start (i.e., when Left(PN) = NULL) 
Pop the top element G from the stack and assign it to PN (i.e., PN = G) 
STACK: C, E 
6. Process the node G 
Check for right child of PN (i.e., G) No right child (i.e., Right(G) = NULL 
Check for left child of PN (i.e., G) No left child also (i.e., Left(G) = NULL) 
STACK: C, E 
7. Again pop the top element E from the stack and assign it to PN (i.e., PN = E) 
STACK: C 
8. Process the node E (PN) 
Since (Right(E) is not equal to NULL) 
Push(Right(E)) (i.e., Right(E) is E) 
Since (Left(E) is not equal to NULL) 
PN = Left(PN) = Left(E) (i.e., PN = H) 
STACK: C, I 
9. Process the node H 
Since (Right(H) = NULL) 
Do nothing 
Since (Left(H ) = NULL) 
Do nothing 
STACK: C, I 
10. Backtracking to right sub tree elements 
Pop the top element I from the stack and assign it to PN (i.e., PN = I) 
STACK: C 
11. Process the node I 
No left child for I 
No right child for I 
STACK: C 
12. Again backtracking 
Pop the top element C and assign it to PN (i.e., PN=C) 



STACK: 
13. Display (or process) the node C 
Since (Right(C) = NULL) 
Do nothing 
Since (Left(C) is not equal to NULL) 
PN = Left(PN) = Left(C) (i.e., PN = F) 
STACK: 
14. Display the node F 
Since (Right(F) is not equal to NULL) 
Push Right(F) to the stack (i.e., J) 
Since (Left(F) = NULL) 
Do Nothing 
STACK: J 
15. Backtracking to right node(s) 
Pop the top element J and assign it to PN (i.e., PN = J) 
STACK: 
16. Display the node J 
(Right(J) = NULL) 
(Right(J) = NULL) 
STACK: 
17. Backtracking for right nodes. Now the top pointer is pointing to NULL. Assign 
the top value to PN. (i.e., PN=NULL) 
18. When (PN = NULL) STOP 
The nodes are processed or displayed in the order A, B, D, G, E, H, I, C, F, J. 
ALGORITHM 
An array STACK is used to hold the addresses of nodes. TOP pointer points to the 
top most element of the STACK. ROOT is the root node of tree to be traversed. PN is the 
address of the present node under scanning. Info(PN) if the information contained in the 
node PN. 
1. Initialize TOP = NULL, PN = ROOT 
2. Repeat step 3 to 5 until (PN = NULL) 
3. Display Info(PN) 
4. If (Right(PN) not equal to NULL) 
(a) TOP = TOP+1 
(b) STACK(TOP) = Right(PN); 
5. If(Left(PN) not equal to NULL) 
(a) PN = Left(PN) 
6. Else 
(a) PN = STACK[TOP] 
(b) TOP = TOP–1 
7. Exit 
 
PROGRAM 

//FUNCTION TO IMPLEMENT NON RECURSIVE PRE ORDER TRAVERSAL 
//CODED AND COMPILED IN TURBO C 
void preorder(struct tnode *p) 



{ 
struct node *stack[100]; 
int top; 
top = –1; 
if(p != NULL) 
{ 
printf(‘%d”,p->info); 
if(p->rchild != NULL) 
{ 
top++; 
stack[top] = p->rchild; 
} 
p = p->lchild; 
while(top >= –1) 
{ 
while ( p!= NULL)/* push the left child onto stack*/ 
{ 
printf(“%d\t”,p->data); 
if(p->rchild != NULL) 
{ 
top++; 
stack[top] = p->rchild; 
} 
p = p->lchild; 
} 
p = stack[top]; 
top--; 
} 
} 
} 
 
 
 
IN ORDER TRAVERSAL NON-RECURSIVELY 
The in-order traversal algorithm uses a variable PN, which will contain the location 
of the node currently being scanned. Info (R) denotes the information of the node R, Left 
(R) denotes the left child of the node R and Right (R) denotes the right child of the node R. 
In-order traversal starts from the ROOT node of the tree (i.e., PN = ROOT). Then 
repeat the following steps until PN = NULL : 
Step 1: Proceed down to left most node of the tree by pushing the root node onto the 
stack. 
Step 2: Repeat the step 1 until there is no left child for a node. 
Step 3: Pop the top element of the stack and process the node. PN = STACK[TOP] 
Step 4: If the stack is empty then go to step 6. 
Step 5: If the popped element has right child then PN = Right(PN). Then repeat the 
step from 1. 



Step 6: Exit. 
The in-order traversal algorithm can be illustrated with an example. Consider a 
binary tree in Fig. 8.13. Following steps may generate if we try to traverse the tree in inorder 
fashion : 
1. Initialize root Node to PN (i.e., PN = ROOT = A) 
STACK: 
2. Since(Left(PN) is not equal to NULL 
Push (PN) to the stack 
PN = Left(PN) (i.e., = B) 
STACK: A 
3. Since(Left(PN) is not equal to NULL 
Push (PN) to the stack (i.e., = B) 
PN = Left(PN) (i.e., = D 
STACK: A, B 
4. Since(Left(PN) = NULL 
Display the node D 
STACK: A, B 
5. Since(Right(PN) is not equal to NULL 
PN = Right(PN ) = G 
STACK: A, B 
6. Since(Left(PN) = NULL 
Display the node G 
STACK: A, B 
7. Since(Right(PN) = NULL) 
Pop the topmost element of the stack 
PN = STACK[TOP] (i.e., = B) 
Display the node B 
STACK: A 
8. Since(Right(PN) is not equal to NULL) 
PN = Right(PN) = E 
STACK: A 
9. Since(Left(PN) is not equal to NULL 
Push(PN) to the stack (i.e., E) 
PN = Left(PN) = H 
STACK: A, E 
10 Since(Left(PN) = NULL) 
Display the node H 
STACK: A, E 
11. Since(Right(PN) = NULL 
Pop the topmost element of the stack 
PN = STACK[TOP] = E 
Display the node E 
STACK: A 
12. Since(Right(PN) is not equal to NULL) 
PN = Right(PN) = I 
STACK: A 



13. Since(Left(PN) = NULL) 
Display the node I 
STACK: A 
14. Since(Right(PN) = NULL) 
Pop the topmost element of the stack 
PN = STACK[TOP] = A 
Display the node A 
STACK: 
15. Since(Right(PN) not equal to NULL) 
PN = Right(PN) = C 
STACK: 
16. Since(Left(PN) is not equal to NULL) 
Push(PN) to the stack (i.e., = C) 
PN = Left(PN) = F 
STACK: C 
17. Since(Left(PN) = NULL) 
Display the node F 
STACK: C 
18. Since(Right(PN) is not equal to NULL) 
PN = Right(PN) = J 
STACK: C 
19. Since(Left(PN) = NULL 
Display the node J 
STACK: C 
20. Since(Right(PN) = NULL) 
Pop the element from the stack 
PN = STACK[TOP] = C 
Display the node C 
STACK: 
21. Since(Right(PN) = NULL) 
Try to pop an element from the stack. Since the stack is empty PN=NULL and Stop 
The nodes are displayed in the order of D, G, B, H, E, I, A, F, J, C. 
ALGORITHM 
An array STACK is used to temporarily store the addresses of the nodes. TOP pointer 
always points to the topmost element of the STACK. 
1. Initialize TOP = NULL and PN = ROOT 
2. Repeat the Step 3, 4 and 5 until (PN = NULL) 
3. TOP = TOP +1 
4. STACK[TOP] = PN 
5. PN = Left(PN) 
6. PN = STACK[TOP] 
7. TOP = TOP–1 
8. Repeat steps 9, 10, 11 and 12 until (PN = NULL) 
9. Display Info(PN) 
10. If(Right(PN) is not equal to NULL 
(a) PN = Right(PN) 



(b) Go to Step 6 
11. PN = STACK[TOP] 
12. TOP = TOP –1 
13. Exit 
PROGRAM 

//FUNCTION TO IMPLEMENT NON RECURSIVE IN ORDER TRAVERSAL 
//CODED AND COMPILED IN TURBO C 
void inorder(struct tnode *p) 
{ 
struct tnode *stack[100]; 
int top; 
top = –1; 
if(p != NULL) 
{ 
top++; 
stack[top] = p; 
p = p->lchild; 
while(top >= 0) 
{ 
while ( p!= NULL)/* push the left child onto stack*/ 
{ 
top++; 
stack[top] =p; 
p = p->lchild; 
} 
p = stack[top]; 
top--; 
printf(“%d”,p->data); 
p = p->rchild; 
if ( p != NULL) /* push right child*/ 
{ 
top++; 
stack[top] = p; 
p = p->lchild; 
} 
} 
} 
} 
 
 
POSTORDER TRAVERSAL NON-RECURSIVELY 
The post-order traversal algorithm uses a variable PN, which will contain the location 
of the node currently being scanned. Left (R) denotes the left child of the node R and Right 
(R) denotes the right child of the node R. Info (R) denotes the information of the node R. 
The post-order traversal algorithm is more complicated than the proceeding two 
algorithms, because here we have to push the information of the node PN to stack in two 



different situations. These two situations are distinguished between by pushing Left(PN) 
and - Right(PN) on to stack. That is whenever a negative node sees in the stack; it means 
that it was a right child of a node. Post-order traversal starts from the ROOT node of the 
tree (i.e., PN = ROOT). 
Step 1: Proceed down to left most node of the tree by pushing the root node and - 
Right(PN) on the stack. 
Step 2: Repeat the Step 1 until there is no left child for the node. 
Step 3: Pop and display the positive nodes on the stack. 
Step 4: If the stack is empty, go to Step 6 
Step 5: If a negative node is popped, then PN = – PN (i.e., to remove the negative sign 
in the node) and go to Step 1. 
 
Step 6: Exit. 
The post-order traversal algorithm can be illustrated with a binary tree in Fig. 8.13. 
1. Initialize ROOT Node to PN (i.e., PN = A) 
STACK: 
2. Push(PN) to the stack 
Since(Right(A) is not equal to NULL) 
Push(-Right(A)) to the stack 
Then If(Left(A) is not equal to NULL) 
PN = Left(PN) (i.e., PN=B) 
STACK: A, – C 
3. Push (B) to the stack 
Since (Right(B) is not equal to NULL) 
Push(-Right(B)) to the stack 
Then If(Left(B) is not equal to NULL) 
PN=Left(PN) (i.e., PN =D ) 
STACK : A, – C, B, –E 
4. Push (D) to the stack 
Since (Right(D) is not equal to NULL) 
Push(-Right(D)) to the stack 
Since(Left(D) = NULL) 
STACK : A, – C, B, – E, D, –G 
Next step is pop and display all the positive elements from the top until a negative 
element is reached. Here the top element is a negative one, so only the top of the stack is 
popped (i.e., -G) and assigned to PN. Now PN= – G. Set PN = – PN (i.e., PN = G) 
STACK: A, – C, B, – E, D 
5. Push(G) to the stack 
If(Right(G) = NULL) 
Do nothing 
If(Left(G) = NULL) 
STACK: A, – C, B, – E, D, G 
Pop and display all the positive elements from the top of the stack until a negative 
element is reached. Here the G, D are popped and displayed. – E is popped and assigned it 
to PN then PN = – PN = E 
STACK: A, – C, B, 



6. Push(E) to the stack 
Since(Right(E) is not equal to NULL) 
Push(– Right(E)) to the stack 
Since(Left(E) is not equal to NULL) 
PN=Left(PN) (i.e., PN=H) 
STACK: A, – C, B, E, – I 
7. Push(H) to the stack 
If(Right(H) = NULL) 
Do nothing 
If(Left(H) = NULL) 
STACK: A, – C, B, E, – I, H 
Pop and display H then pop and assign I to PN (i.e., PN = I) 
STACK: A, – C, B, E, 
8. Push(I) to the stack 
If(Right(I) = NULL) 
Do nothing 
If(Left(I) = NULL) 
STACK: A, – C, B, E, I 
Pop and display all positive elements of stack from top, until a negative number is 
reached. Here I, E, B are popped and displayed. And – C is popped and assigned to PN (i.e., 

PN = C) 
STACK: A, 
9. Push(C) to the stack 
If(Right(C) = NULL) 
Do nothing 
If(Left(C) = NULL) 
PN = Left(C) = F 
STACK: A, C 
10. Push(F) to the stack 
Since(Right(F) is not equal to NULL) 
Push(-Right(F))s 
Since(Left(F) = NULL) 
STACK: A, C, F, – J 
Pop the top element and assign it to PN. (i.e., PN = J) 
11. Push(J) to the stack 
Since(Right(J) = NULL) 
Do nothing 
Since(Left(J) = NULL) 
Pop all positive elements from top, until a negative element is reached. Here all the 
elements J, F, C, A are popped and displayed. Now the stack is empty and PN = NULL and 
STOP. 
The nodes are displayed in the following order G, D, H, I, E, B, J, F, C, A. 
ALGORITHM 
An array STACK is used to temporarily store the addresses of the nodes. TOP pointer 
always points to the top most element of the stack. 
1. Initialize TOP = NULL and PN = ROOT 



2. Repeat the steps 3 to 6 until (PN = NULL) 
3. TOP = TOP+1 
4. SATCK(TOP)=PN 
5. If (Right(PN) is not equal to NULL) 
(a) TOP = TOP+1 
(b) STACK(TOP) = – Right(PN) 
6. PN = Left(PN) 
7. PN = STACK(TOP) 
8. TOP = TOP–1 
9. Repeat the step 9 until (PN less than or equal to 0) 
(a) Display Info(PN) 
(b) PN = STACK(TOP) 
(c) TOP = TOP=1 
10. If(PN < 0) 
(a) PN = – PN 
(b) Go to step 2 
11. Exit 
PROGRAM 

//FUNCTION TO IMPLEMENT NON RECURSIVE POST ORDER TRAVERSAL 
//CODED AND COMPILED IN TURBO C 
void postorder(struct node *p) 
{ 
struct node *stack[100]; 
int top,sig, sign[100]; 
top = –1; 
if(p != NULL) 
{ 
top++; 
stack[top] = p; 
sign[top]=1; 
if(p->rchild != NULL) 
{ 
top++; 
stack[top] = p->rchild; 
sign[top]=–1; 
} 
 
p = p->lchild; 
while(top >= 0) 
{ 
while ( p!= NULL)/* push the left child onto stack*/ 
{ 
top++; 
stack[top] = p; 
sign[top]=1; 
if(p->rchild != NULL) 



{ 
top++; 
stack[top] = p->rchild; 
sign[top]=–1; 
} 
p = p->lchild; 
} 
p = stack[top]; 
sig=sign[top]; 
top--; 
while((sig > 0) && (top >= -1)) 
{ 
Printf(“%d”,p->info); 
p = stack[top]; 
sig=sign[top]; 
top--; 
} 
} 
} 
} 
 
BINARY SEARCH TREES 
A Binary Search Tree is a binary tree, which is either empty or satisfies the following 
properties : 
1. Every node has a value and no two nodes have the same value (i.e., all the values 
are unique). 
2. If there exists a left child or left sub tree then its value is less than the value of the 
root. 
3. The value(s) in the right child or right sub tree is larger than the value of the root 
node. 
All the nodes or sub trees of the left and right children follows above rules. The Fig. 
8.14 shows a typical binary search tree. Here the root node information is 50. Note that 
the right sub tree node’s value is greater than 50, and the left sub tree nodes value is less 
than 50. Again right child node of 25 has large values than 25 and left child node has 
small values than 25. Similarly right child node of 75 has large values than 75 and left 
child node has small values that 75 and so on. 



 
The operations performed on binary tree can also be applied to Binary Search Tree 
(BST). But in this section we discuss few other primitive operators performed on BST : 
1. Inserting a node 
2. Searching a node 
3. Deleting a node 
Another most commonly performed operation on BST is, traversal. The tree traversal 
algorithm (pre-order, post-order and in-order) are the standard way of traversing a binary 
search tree. 
INSERTING A NODE 
A BST is constructed by the repeated insertion of new nodes to the tree structure. 
Inserting a node in to a tree is achieved by performing two separate operations. 
1. The tree must be searched to determine where the node is to be inserted. 
2. Then the node is inserted into the tree. 
Suppose a “DATA” is the information to be inserted in a BST. 
Step 1: Compare DATA with root node information of the tree 
(i) If (DATA < ROOT Info) 
Proceed to the left child of ROOT 
(ii) If (DATA > ROOT Info) 
Proceed to the right child of ROOT 
Step 2: Repeat the Step 1 until we meet an empty sub tree, where we can insert the 
DATA in place of the empty sub tree by creating a new node. 
Step 3: Exit 
For example, consider a binary search tree in Fig. 8.14. Suppose we want to insert 
a DATA = 55 in to the tree, then following steps one obtained : 
1. Compare 55 with root node info (i.e., 50) since 55 > 50 proceed to the right sub 
tree of 50. 
2. The root node of the right sub tree contains 75. Compare 55 with 75. Since 55 < 
75 proceed to the left sub tree of 75. 
3. The root node of the left sub tree contains 60. Compare 55 with 60. Since 55 < 60 
proceed to the right sub tree of 60. 
4. Since left sub tree is NULL place 55 as the left child of 60 as shown in Fig. below 



 
ALGORITHM 
NEWNODE is a pointer variable to hold the address of the newly created node. DATA 
is the information to be pushed. 
1. Input the DATA to be pushed and ROOT node of the tree. 
2. NEWNODE = Create a New Node. 
3. If (ROOT == NULL) 
(a) ROOT=NEW NODE 
4. Else If (DATA < ROOT Info) 
(a) ROOT = ROOT Lchild 
(b) GoTo Step 4 
5. Else If (DATA > ROOT Info) 
(a) ROOT = ROOT Rchild 
(b) GoTo Step 4 
6. If (DATA < ROOT Info) 
(a) ROOT LChild = NEWNODE 
7. Else If (DATA > ROOT Info) 
(a) ROOT RChild = NEWNODE 
8. Else 
(a) Display (“DUPLICATE NODE”) 
(b) EXIT 
9. NEW NODE Info = DATA 
10. NEW NODE LChild = NULL 
11. NEW NODE RChild = NULL 
12. EXIT 
SEARCHING A NODE 
Searching a node was part of the operation performed during insertion. Algorithm 
to search as element from a binary search tree is given below. 
ALGORITHM 
1. Input the DATA to be searched and assign the address of the root node to ROOT. 
2. If (DATA == ROOT Info) 
(a) Display “The DATA exist in the tree” 
(b) GoTo Step 6 



3. If (ROOT == NULL) 
(a) Display “The DATA does not exist” 
(b) GoTo Step 6 
4. If(DATA > ROOTInfo) 
(a) ROOT = ROOTRChild 
(b) GoTo Step 2 
5. If(DATA < ROOTInfo) 
(a) ROOT = ROOTLchild 
(b) GoTo Step 2 
6. Exit 
Suppose a binary search tree contains n data items, A1, A2, A3………..An. There are n! 
permutations of the n items. The average depth of the n! tree is approximately C log 2 n, 
where C=1.4. The average running time f (n) to search for an item in a binary tree with n 

elements is proportional to Log2 n, that is 
f (n) = O(Log2 n) 
DELETING A NODE 
This section gives an algorithm to delete a DATA of information from a binary search 
tree. First search and locate the node to be deleted. Then any one of the following conditions 
arises : 
1. The node to be deleted has no children 
2. The node has exactly one child (or sub tress, left or right sub tree) 
3. The node has two children (or two sub tress, left and right sub tree) 
Suppose the node to be deleted is N. If N has no children then simply delete the node 
and place its parent node by the NULL pointer. 
If N has one child, check whether it is a right or left child. If it is a right child, then 
find the smallest element from the corresponding right sub tree. Then replace the smallest 
node information with the deleted node. If N has a left child, find the largest element from 
the corresponding left sub tree. Then replace the largest node information with the deleted 
node. 
The same process is repeated if N has two children, i.e., left and right child. Randomly 
select a child and find the small/large node and replace it with deleted node. NOTE 
that the tree that we get after deleting a node should also be a binary search tree. 
Deleting a node can be illustrated with an example. Consider a binary search tree in 
Fig. 8.15. If we want to delete 75 from the tree, following steps are obtained : 
Step 1: Assign the data to be deleted in DATA and NODE = ROOT. 
Step 2: Compare the DATA with ROOT node, i.e., NODE, information of the tree. 
Since (50 < 75) 
NODE = NODE RChild 
Step 3: Compare DATA with NODE. Since (75 = 75) searching successful. Now we 
have located the data to be deleted, and delete the DATA. 



 
Step 4: Since NODE (i.e., node where value was 75) has both left and right child 
choose one. (Say Right Sub Tree) - If right sub tree is opted then we have to find the 
smallest node. But if left sub tree is opted then we have to find the largest node. 
Step 5: Find the smallest element from the right sub tree (i.e., 80) and replace the 
node with deleted node. 

 
Step 6: Again the (NODE Rchild is not equal to NULL) find the smallest element 
from the right sub tree (Which is 85) and replace it with empty node. 



 
Step 7: Since (NODERchild = NODELchild = NULL) delete the NODE and place 
NULL in the parent node. 

 
ALGORITHM 
NODE is the current position of the tree, which is in under consideration. LOC is 
the place where node is to be replaced. DATA is the information of node to be deleted. 
1. Find the location NODE of the DATA to be deleted. 
2. If (NODE = NULL) 
(a) Display “DATA is not in tree” 
(b) Exit 
3. If(NODE Lchild = NULL) 
(a) LOC = NODE 
(b) NODE = NODE RChild 
4. If(NODE RChild= =NULL) 
(a) LOC = NODE 
(b) NODE = NODE LChild 
5. If((NODE Lchild not equal to NULL) && (NODE Rchild not equal to NULL)) 
(a) LOC = NODE RChild 
6. While(LOC Lchild not equal to NULL) 
(a) LOC = LOC Lchild 
7. LOC Lchild = NODE Lchild 



8. LOC RChild= NODE RChild 
9. Exit 
PROGRAM 
//PROGRAM TO IMPLEMENT THE OPERATION SUCH AS 
//INSERTION, DELETION AND TRAVERSAL IN BINARY SEARCH TREE 
//CODED AND COMPILED USING TURBO C 
#include<iostream.h> 
#include<process.h> 
#include<conio.h> 
struct node 
{ 
int info; 
struct node *lchild; 
struct node *rchild; 
}; 
typedef struct node *NODE; 
 
struct node *root; 
void find(int item,NODE *par,NODE *loc) 
{ 
NODE ptr,ptrsave; 
if(root==NULL) /*tree empty*/ 
{ 
*loc=NULL; 
*par=NULL; 
return; 
} 
if(item==root->info) /*item is at root*/ 
{ 
*loc=root; 
*par=NULL; 
return; 
} 
/*Initialize ptr and ptrsave*/ 
if(item<root->info) 
ptr=root->lchild; 



 

 



 
if(par==NULL ) /*Item to be deleted is root node*/ 
root=child; 
else 
if( loc==par->lchild) /*item is lchild of its parent*/ 
par->lchild=child; 
else /*item is rchild of its parent*/ 
par->rchild=child; 
}/*End of case_b()*/ 
void  case_c(NODE par,NODE loc) 
{ 
NODE ptr,ptrsave,suc,parsuc; 
/*Find inorder successor and its parent*/ 
ptrsave=loc; 
ptr=loc->rchild; 
while(ptr->lchild!=NULL) 
{ 
ptrsave=ptr; 
ptr=ptr->lchild; 
} 
suc=ptr; 
parsuc=ptrsave; 
if(suc->lchild==NULL && suc->rchild==NULL) 
case_a(parsuc,suc); 
else 
case_b(parsuc,suc); 
if(par==NULL) /*if item to be deleted is root node */ 
root=suc; 
else 
if(loc==par->lchild) 
par->lchild=suc; 
else 
par->rchild=suc; 
suc->lchild=loc->lchild; 
suc->rchild=loc->rchild; 
}/*End of case_c()*/ 



//This function will insert an element to the tree 
void  insert(int item) 
{ NODE tmp,parent,location; 
find(item,&parent,&location); 
if(location!=NULL) 
{ 
printf(““\nItem already present”); 
getch(); 
return; 
} 
//creating new node to insert 
tmp=(NODE)malloc(sizeof(struct node)); 
tmp->info=item; 
tmp->lchild=NULL; 
tmp->rchild=NULL; 
if(parent==NULL) 
root=tmp; 
else 
if(item<parent->info) 
parent->lchild=tmp; 
else 
parent->rchild=tmp; 
}/*End of insert()*/ 
//Function to delete a node 
void  del(int item) 
{ 
NODE parent,location; 
if(root==NULL) 
{ 
printf(““\nTree is empty”); 
getch(); 
return; 
} 
find(item,&parent,&location); 
if(location==NULL) 
{ 
printf(““\nItem not present in tree”); 
return; 
} 
 
if(location->lchild==NULL && location->rchild==NULL) 
case_a(parent,location); 
if(location->lchild!=NULL && location->rchild==NULL) 
case_b(parent,location); 
if(location->lchild==NULL && location->rchild!=NULL) 
case_b(parent,location); 



if(location->lchild!=NULL && location->rchild!=NULL) 
case_c(parent,location); 
delete(location); 
}/*End of del()*/ 
//Function to traverse in a preorder fashion 
void preorder(NODE ptr) 
{ 
if(root==NULL) 
{ 
printf(““\nTree is empty”); 
getch(); 
return; 
} 
if(ptr!=NULL) 
{ 
printf(““ ”<<ptr->info); 
preorder(ptr->lchild); 
preorder(ptr->rchild); 
} 
}/*End of preorder()*/ 
//Function for Inorder traversal 
void inorder(NODE ptr) 
{ 
if(root==NULL) 
{ 
printf(“Tree is empty”); 
getch(); 
return; 
} 
if(ptr!=NULL) 
{ 
inorder(ptr->lchild); 
printf(“ %d”,ptr->info); 
inorder(ptr->rchild); 
} 
} 
//This function will travel in a postorder fashion 
void postorder(NODE ptr) 
{ 
if(root==NULL) 
{ 
Printf(“\nTree is empty”); 
getch(); 
return; 
} 
if(ptr!=NULL) 



{ 
postorder(ptr->lchild); 
postorder(ptr->rchild); 
printf(“%d”,ptr->info); 
} 
}/*End of postorder()*/ 
//Function to display all the nodes of the tree 
void display(NODE ptr,int level) 
{ 
int i; 
if ( ptr!=NULL ) 
{ 
display(ptr->rchild, level+1); 
printf(“\n”); 
for (i = 0; i < level; i++) 
printf(“  ”); 
printf(“%d”,ptr->info); 
display(ptr->lchild, level+1); 
}/*End of if*/ 
}/*End of display()*/ 
void main() 
{ 
int choice,num; 
BST bo; 
while(1) 
{ 
clrscr(); 
 
//Menu options 
printf(“\n1.Insert\n”); 
printf(“2.Delete\n”); 
printf(“3.Inorder Traversal\n”); 
printf(“4.Preorder Traversal\n”); 
printf(“5.Postorder Traversal\n”); 
printf(“6.Display\n”); 
printf(“7.Quit\n”); 
printf(“\nEnter your choice : ”); 
scanf(“%d”,&choice); 
switch(choice) 
{ 
case 1: 
printf(“\nEnter the number to be inserted : ”); 
scanf(“%d”,&num); 
bo.insert(num); 
break; 
case 2: 



printf(““\nEnter the number to be deleted : ”); 
scanf(“%d”,&num); 
bo.del(num); 
break; 
case 3: 
bo.inorder(bo.root); 
getch(); 
break; 
case 4: 
bo.preorder(bo.root); 
getch(); 
break; 
case 5: 
bo.postorder(bo.root); 
getch(); 
break; 
case 6: 
bo.display(bo.root,1); 
getch(); 
break; 
case 7: 
exit(0); 
default: 
printf(“\nWrong choice\n”); 
getch(); 
}/*End of switch */ 
}/*End of while */ 
}/*End of main()*/ 
 
THREADED BINARY TREE 
Traversing a binary tree is a common operation and it would be helpful to find more 
efficient method for implementing the traversal. Moreover, half of the entries in the Lchild 
and Rchild field will contain NULL pointer. These fields may be used more efficiently by 
replacing the NULL entries by special pointers which points to nodes higher in the tree. 
Such types of special pointers are called threads and binary tree with such pointers are 
called threaded binary tree. 
Figbelow shows the threaded binary tree with threads replacing NULL pointer of 
binary tree. The threads are drawn with dotted lines to differentiate then from 
tree pointers. 



 
There are many ways to thread a binary tree. Right most nodes in the threaded 
binary tree have a NULL right pointer (i.e., in-order successor). Such trees are called right 
in threaded binary trees. A left in threaded binary tree may be defined similarly as one in 
which each NULL left pointer is altered to contain a thread (i.e., in-order predecessor). An 
in-threaded binary tree may be defined as a binary tree that is both left-in-threaded and 
right-in-threaded. 
We can implement a right in threaded binary tree using arrays by distinguishing 
threads from ordinary pointers. Threads are denoted by negative numbers, when ordinary 
pointers are denoted by positive integers. The array representation of the right in thread 
binary tree in Fig.8.20 is shown below table 



 
To implement a right-in-threaded binary tree using dynamic memory allocation, an 
extra 1 bit logical field, rthread, is used to distinguish threads from ordinary pointers. If a 
right pointer of a node is threaded, then the rthread = TRUE otherwise FALSE. Following 
program will construct a right-in-threaded binary tree and will traverse in-order fashion. 
EXPRESSION TREE 
An ordered tree may be used to represent a general expressions, is called expression 
tree. Nodes in one expression tree contain operators and operands. 
For example: The expression, f(A,B,C) * (Sin(D) – Log(E * F! )), is represented below 



 
A binary tree is used to represent a binary expression called binary expression tree. 
Root node of the binary expressions trees contains operator and two children node contain 
its operand. 

 
For example, a+b can be represented in Fig. 8.23. And the expression E = (a + b) * (c 
/ (d – e)) )with more operators and operands) can be represented in binary expression tree 
as follows : 

 
Expression tree can be evaluated, if its operands are numerical constants. Following 



section will explain a C/C++ program that accepts a pointer of an expression tree and 
returns the value of the expression represented by the tree. 
DECISION TREE 
A decision tree is a binary tree, where sorting of elements is done by only comparisons. 
That is a decision tree can be applied to any sorting algorithms that sorts by using 
comparisons. (The sorting techniques were discussed in chapter 6). The external nodes (or 
leafs) correspond to the n! ways that n items can appear, because we are trying to sort n 

items a1, a2, ......, an. And internal nodes correspond to the different comparison that may 
take place during the execution. The decision tree is Fig. 8.25 represents an algorithm that 
sorts the tree elements x, y and z. The first comparison prefers at the root node between x 

and y and goes down. 

 
The sorting techniques discussed in chapter 6 takes minimum of 0(n log n) to sort 
an array of n elements. The objective of decision tree is to develop an algorithm, which can 
sort n items of the order less than 0(n Log n). 
The decision tree is more suitable when extremely small input size is to be sorted. 
The number at comparisons in the worst case is equal to the depth of the deepest leaf (i.e., 

the largest path). In Fig. 8.25, maximum of three comparisons used, which is a worst case 
i.e., O(n) and it is less than O(n log n). Moreover, in the average case, the average number(s) 
of comparisons are sufficient to sort the elements, which is equal to the average external 
path length of the tree (i.e., average depth of the leaves). 
FIBANOCCI TREE 
Fibanocci tree of order n is a binary tree, which build by the following restriction : 
1. If n = 0, then the empty tree is a fibanocci tree of order 0. 
2. If n = 1, then the tree with a single node is a fibanocci tree of order 1. 
3. If n > 1, the tree consists of a root with a left subtree of order n – 1 and right sub 
tree of order n – 2. 
Here are some exmples of fibanocci tree 



 

 



 

 
SELECTION TREES 
Suppose we have k ordered set of arrays, called runs, which are to be merged into a 
single ordered array. Each run consists of some elements and is in ascending order. The 



merging task can be accomplished by repeatedly outputting the smallest element from the 
k runs. The most general way to merge k runs is to make (k – 1) comparisons to output the 
smallest element, (from the k runs) in every iteration. By using the data structure selection 
tree, we can reduce the number of comparisons needed to find the next smallest 
element. There are two kinds of selection trees : 
(a) Winner trees 
(b) Loser trees 
WINNER TREES 
A Winner Tree is a complete binary tree in which each node represents the smallest 
of its children. Thus the root node represents the smallest node in the tree, which is the 
next element in the merged single ordered array. 
The construction of the winner tree may be compared to the playing of a tennis 
tournament. Then, each non-leaf node in the tree represents the winner of a tournament 
and root node represents the over all winner. Winner tree can be illustrated with the 
following example. Here we want to merge 8 runs into single sorted array. 

 



 

 

 



 



 
Here we have restructured the tree by replacing along the path. That is we have 
located the smallest element (The winner) with just 3 comparisons. And repeat the process. 

 

 

 



 

 

 

 

 



 

 
The final merged sorted array of 8 runs is, 10, 13, 14, 19, 30, 31, 40, 41, 46, 47, 48, 
61, 71, 90, 94, 98. 
LOSER TREES 
The restructuring process in winner tree can be further simplified by placing in 
each non-leaf node of the loser instead of winner. A selection tree in which each non-leaf 
node retains the information of the loser is called a loser tree. Fig. 8.41 shows the loser 
tree that corresponds to the winner tree 



 
BALANCED BINARY TREES 
A balanced binary tree is one in which the largest path through the left sub tree is 
the same length as the largest path of the right sub tree, i.e., from root to leaf. Searching 
time is very less in balanced binary trees compared to unbalanced binary tree. i.e., balanced 
trees are used to maximize the efficiency of the operations on the tree. There are two 
types of balanced trees : 
1. Height Balanced Trees 
2. Weight Balanced Trees 
HEIGHT BALANCED TREES 
In height balanced trees balancing the height is the important factor. There are two 
main approaches, which may be used to balance (or decrease) the depth of a binary tree : 
(a) Insert a number of elements into a binary tree in the usual way, using the algorithm 
given in the previous section (i.e., Binary search Tree insertion). After 
inserting the elements, copy the tree into another binary tree in such a way that 
the tree is balanced. This method is efficient if the data(s) are continually added 
to the tree. 
(b) Another popular algorithm for constructing a height balanced binary tree is the 
AVL tree, which is discussed in the next section. 
WEIGHT BALANCED TREE 

 



A weight-balanced tree is a balanced binary tree in which additional weight field is 
also there. The nodes of a weight-balanced tree contain four fields : 
(i) Data Element 
(ii) Left Pointer 
(iii) Right Pointer 
(iv) A probability or weight field 
The data element, left and right pointer fields are save as that in any other tree 
node. The probability field is a specially added field for a weight-balanced tree. This field 
holds the probability of the node being accessed again, that is the number of times the 
node has been previously searched for. 
When the tree is created, the nodes with the highest probability of access are placed 
at the top. That is the nodes that are most likely to be accessed have the lowest search 
time. And the tree is balanced if the weights in the right and left sub trees are as equal as 
possible. The average length of search in a weighted tree is equal to the sum of the probability 
and the depth for every node in the tree. 
The root node contain highest weighted node of the tree or sub tree. The left sub tree 
contains nodes where data values are less than the current root node, and the right sub 
tree contain the nodes that have data values greater than the current root node. 
 
AVL TREES 
This algorithm was developed in 1962 by two Russian Mathematicians, G.M. Adel’son 
Vel’sky and E.M. Landis; here the tree is called AVL Tree. An AVL tree is a binary tree in 
which the left and right sub tree of any node may differ in height by at most 1, and in 
which both the sub trees are themselves AVL Trees. Each node in the AVL Tree possesses 
any one of the following properties : 
(a) A node is called left heavy, if the largest path in its left sub tree is one level larger 
than the largest path of its right sub tree. 
(b) A node is called right heavy, if the largest path in its right sub tree is one level 
larger than the largest path of its left sub tree. 
(c) The node is called balanced, if the largest paths in both the right and left sub 
trees are equal. Fig below shows some example for AVL trees. 
 



 
The construction of an AVL Tree is same as that of an ordinary binary tree except 
that after the addition of each new node, a check must be made to ensure that the AVL 
balance conditions have not been violated. If the new node causes an imbalance in the 
tree, some rearrangement of the tree’s nodes must be done. Following algorithm will insert 
a new node in an AVL Tree : 
ALGORITHM 
1. Insert the node in the same way as in an ordinary binary tree. 
2. Trace a path from the new nodes, back towards the root for checking the height 
difference of the two sub trees of each node along the way. 
3. Consider the node with the imbalance and the two nodes on the layers immediately 
below. 
4. If these three nodes lie in a straight line, apply a single rotation to correct the 
imbalance. 
5. If these three nodes lie in a dogleg pattern (i.e., there is a bend in the path) apply 
a double rotation to correct the imbalance. 
6. Exit. 
The above algorithm will be illustrated with an example shown in Fig below, which is 
an unbalance tree. We have to apply the rotation to the nodes 40, 50 and 60 so that a 
balance tree is generated. Since the three nodes are lying in a straight line, single rotation 



 
Fig below is a balance tree of the unbalanced tree in Fig. 8.44. Consider a tree in Fig. 
8.46 to explain the double rotation. 

 

 
While tracing the path, first imbalance is detected at node 60. We restrict our attention 
to this node and the two nodes immediately below it (40 and 50). These three nodes 
form a dogleg pattern. That is there is bend in the path. Therefore we apply double rotation 
to correct the balance. A double rotation, as its name implies, consists of two single 
rotations, which are in opposite direction. The first rotation occurs on the two layers (or 
levels) below the node where the imbalance is found (i.e., 40 and 50). Rotate the node 50 
up by replacing 40, and now 40 become the child of 50 as shown in Fig below. 



 
Apply the second rotation, which involves the nodes 60, 50 and 40. Since these 
three nodes are lying in a straight line, apply the single rotation to restore the balance, by 
replacing 60 by 50 and placing 60 as the right child of 50 as shown in Fig. below. 

 
Balanced binary tree is a very useful data structure for searching the element with 
less time. An unbalanced binary tree takes O(n) time to search an element from the tree, in 
the worst case. But the balanced binary tree takes only O(Log n) time complexity in the 
worst case. 
M-WAY SEARCH TREES 
Trees having (m–1) keys and m children are called m-way search trees. A binary tree 
is a 2-way tree. It means that it has m – 1 = 2 – 1 = 1 key (here m = 2) in every node and it 
can have maximum of two children. A binary tree is also called an m-way tree of order 2. 
Similarly an m-way tree of order 3 is a tree in which key values could be either 1 or 
2 (i.e., inside every node and it can have maximum of two children). For example an m-way 
tree at order (degree) 4 is shown in Fig below. 

 

 



 
 
 
 
 

 

 
Nodes in a B-Tree are usually represented as an ordered set of elements and child 
pointers. Every node but the root contains a minimum of m elements, a maximum of n 



elements, and a maximum of n + 1 child pointers, for some arbitrary m and n. For all 
internal nodes, the number of child pointers is always one more than the number of 
elements. Since all leaf nodes are at the same height, nodes do not generally contain a way 
of determining whether they are leaf or internal. 
Each inner node’s elements act as separation values which divide its subtrees. For 
example, if an inner node has three child nodes (or subtrees) then it must have two separation 
values or elements a1 and a2. All values in the leftmost subtree will be less than a1 
, all values in the middle subtree will be between a1 and a2, and all values in the rightmost 
subtree will be greater than a2. 
ALGORITHMS 
SEARCH 
Search is performed in the typical manner, analogous to that in a binary search 
tree. Starting at the root, the tree is traversed top to bottom, choosing the child pointer 
whose separation values are on either side of the value that is being searched. Binary 
search is typically used within nodes to determine this location. 
INSERTION 
For a node to be in an illegal state, it must contain a number of elements which is 
outside of the acceptable range. 
1. First, search for the position into which the node should be inserted. Then, insert 
the value into that node. 
2. If no node is in an illegal state then the process is finished. 
3. If some node has too many elements, it is split into two nodes, each with the 
minimum amount of elements. This process continues recursively up the tree 
until the root is reached. If the root is split, a new root is created. Typically the 
minimum and maximum number of elements must be selected such that the 
minimum is no more than one half the maximum in order for this to work. 
DELETION 
1. First, search for the value which will be deleted. Then, remove the value from the 
node which contains it. 
2. If no node is in an illegal state then the process is finished. 
3. If some node is in an illegal state then there are two possible cases: 
(a) Its sibling node, a child of the same parent node, can transfer one or more of 
its child nodes to the current node and return it to a legal state. If so, after 
updating the separation values of the parent and the two siblings the process 
is finished. 
(b) Its sibling does not have an extra child because it is on the lower bound. In 
that case both siblings are merged into a single node and we recurse onto 
the parent node, since it has had a child node removed. This continues until 
the current node is in a legal state or the root node is reached, upon which 
the root’s children are merged and the merged node becomes the new root. 
Several variants on the B-tree are listed in following table : 



 
As we have discussed earlier the standard B-tree stores keys and data in both internal 
and leaf nodes. When descending the tree during insertion, a full child node is first 
redistributed to adjacent nodes. If the adjacent nodes are also full, then a new node is 
created, and half the keys in the child are moved to the newly created node. During deletion, 
children that are 1/2 full first attempt to obtain keys from adjacent nodes. If the 
adjacent nodes are also 1/2 full, then two nodes are joined to form one full node. B*-trees 
are similar, only the nodes are kept 2/3 full. This results in better utilization of space in 
the tree, and slightly better performance. 

 
 
Fig above illustrates a B+-tree. All keys are stored at the leaf level, with their associated 
data values. Duplicates of the keys appear in internal parent nodes to guide the 
search. Pointers have a slightly different meaning than in conventional B-trees. The left 
pointer designates all keys less than the value, while the right pointer designates all keys 
greater than or equal to the value. For example, all keys less than 22 are on the left 
pointer, and all keys greater than or equal to 22 are on the right. Notice that key 22 is 
duplicated in the leaf, where the associated data may be found. During insertion and 
deletion, care must be taken to properly update parent nodes. When modifying the first 
key in a leaf, the tree is walked from leaf to root. The last greater than or equal to pointer 
found while descending the tree will require modification to reflect the new key value. 
Since all keys are in the leaf nodes, we may link them for sequential access. 
The organization of B++-trees is similar to B+-trees, except for the split/join strategy. 
Assume each node can hold k keys, and the root node holds 3k keys. Before we descend to 
a child node during insertion, we check to see if it is full. If it is, the keys in the child node 
and two nodes adjacent to the child are all merged and redistributed. If the two adjacent 
nodes are also full, then another node is added, resulting in four nodes, each 3/4 full. 



Before we descend to a child node during deletion, we check to see if it is 1/2 full. If it is, 
the keys in the child node and two nodes adjacent to the child are all merged and redistributed. 
If the two adjacent nodes are also 1/2 full, then they are merged into two nodes, 
each 3/4 full. This is halfway between 1/2 full and completely full, allowing for an equal 
number of insertions or deletions in the future. 
Recall that the root node holds 3k keys. If the root is full during insertion, we 
distribute the keys to four new nodes, each 3/4 full. This increases the height of the tree. 
During deletion, we inspect the child nodes. If there are only three child nodes, and they 
are all 1/2 full, they are gathered into the root, and the height of the tree decreases. 
SPLAY TREES 
A splay tree is a self-balancing binary search tree with the additional unusual property 
that recently accessed elements are quick to access again. It performs basic operations 
such as insertion, search and removal in O(log(n)) amortized time. For many nonuniform 
sequences of operations, splay trees perform better than other search trees, even 
when the specific pattern of the sequence is unknown. The splay tree was invented by 
Daniel Sleator and Robert Tarjan. 
All normal operations on a splay tree are combined with one basic operation, called 
splaying, also called rotations. That is the efficiency of splay trees comes not from an 
explicit structural constraint, as with balanced trees, but from applying a simple restructuring 
heuristic, called splaying, whenever the tree is accessed. Splaying the tree for a 
certain element rearranges the tree so that the element is placed at the root of the tree. 
One way to do this is to first perform a standard binary tree search for the element in 
question, and then use tree rotations in a specific fashion to bring the element to the top. 
Alternatively, a bottom-up algorithm can combine the search and the tree reorganization. 
There are several ways in which splaying can be done. It always involves interchanging 
the root with the node in operation. One or more other nodes might change 
position as well. The purpose of splaying is to minimize the number of (access) operations 
required to recover desired data records over a period of time. 
SPLAY OPERATION 
The most important tree operation is splay, also called rotation. If we apply splay 
rotation to splay(N), which moves an element N to the root of the tree. In case N is not 
present in the tree, the last element on the search path for N is moved instead. 
To do a splay, we carry out a sequence of rotations, each of which moves the target 
node N closer to the root. Each particular step depends on only two factors: 
Whether N is the left or right child of its parent node, P, 
Whether P is the left or right child of its parent, G (for grandparent node). 
Thus, there are four cases: 
Case 1: N is the left child of P and P is the left child of G. In this case we perform a 
double right rotation, so that P becomes N’s right child, and G becomes P’s right child. 
Case 2: N is the right child of P and P is the right child of G. In this case we perform 
a double left rotation, so that P becomes N’s left child, and G becomes P’s left child. 
Case 3: N is the left child of P and P is the right child of G. In this case we perform 
a rotation so that G becomes N’s left child, and P becomes N’s right child. 
Case 4: N is the right child of P and P is the left child of G. In this case we perform 
a rotation so that P becomes N’s left child, and G becomes N’s right child. 
Finally, if N doesn’t have a grandparent node, we simply perform a left or right 



rotation to move it to the root. By performing a splay on the node of interest after every 
operation, we keep recently accessed nodes near the root and keep the tree roughly balanced, 
so that we achieve the desired amortized time bounds. 
The run time for a splay(N) operation is proportional to the length of the search path 
for N: While searching for N we traverse the search path top-down. Let Z be the last node 
on that path. In a second step, we move Z along that path by applying rotations. There are 
six different rotations : 
1. Zig Rotation (Right Rotation) 
2. Zag Rotation (Left Rotation) 
3. Zig-Zag (Zig followed by Zag) 
4. Zag-Zig (Zag followed by Zig) 
5. Zig-Zig 
6. Zag-Zag 
Consider the path going from the root down to the accessed node. Each time we 
move left going down this path, we say we “zig” and each time we move right, we say we 
“zag.” 
Zig Rotation and Zag Rotation: Note that a zig rotation is the same as a right rotation 
whereas the zag step is the left rotation. See Fig. below. 

 

 



 

 



 

 
The above scheme of splaying is called bottom-up splaying. In top-down splaying, we 
start from the root and as we locate the target element and move down, we splay as we go. 
This is more efficient. 
ADVANTAGES AND DISADVANTAGES 
Good performance for a splay tree depends on the fact that it is self-balancing, and 
indeed self-optimising, in that frequently accessed nodes will move nearer to the root 
where they can be accessed more quickly. This is an advantage for nearly all practical 
applications, and is particularly useful for implementing caches; however it is important 
to note that for uniform access, a splay tree’s performance will be considerably (although 
not asymptotically) worse than a somewhat balanced simple binary search tree. 
Splay trees also have the advantage of being considerably simpler to implement 
than other self-balancing binary search trees, such as red-black trees or AVL trees, while 
their average-case performance is just as efficient. Also, splay trees don’t need to store any 
bookkeeping data, thus minimizing memory requirements. However, these other data structures 
provide worst-case time guarantees, and can be more efficient in practice for uniform 
access. 
One worst-case issue with the basic splay tree algorithm is that of sequentially 
accessing all the elements of the tree in the sort order. This leaves the tree completely 
unbalanced (this takes n accesses- each an O(1) operation). Re-accessing the first item 



triggers an operation that takes O(n) operations to rebalance the tree before returning the 
first item. This is a significant delay for that final operation, although the amortized performance 
over the entire sequence is actually O(1). However, recent research shows that 
randomly rebalancing the tree can avoid this unbalancing effect and give similar performance 
to the other self-balancing algorithms. 
It is possible to create a persistent version of splay trees which allows access to both 
the previous and new versions after an update. This requires amortized O(log n) space per 
update. 
DIGITAL SEARCH TREES 
A digital search tree is a binary tree in which each node contains one element. The 
element-to-node assignment is determined by the binary representation of the element 
keys. Suppose that we number the bits in the binary representation of a key from left to 
right beginning at one. Then bit one of 1000 is 1, and bits two, three, and four are 0. All 
keys in the left subtrees of a node at level I have bit I equal to zero whereas those in the 
right subtrees of nodes at this level have bit I = 1. Fig. 8.71 shows a digital search tree. 
This tree contains the keys 1000, 0010, 1001, 0001, 1100, 0000. 

 
Suppose we are searching for a key k = 0011 in the tree (Fig. 8.71). k is first compared 
with the key in the root. Since k is different from the key in the root, and since bit 
one of k is 0, we move to the left child (i.e., 0010) of the root. Now, since k is different from 
the key in node and bit two of k is 0, we move to the left chills (i.e., 0001). Since k is 
different from the key in node and bit three of k is one, we move to the right child of node 
0001, which is NULL. From this we conclude that k = 0011 is not in the search tree. If we 
wish to insert k into the tree, then it is added as the right child of node 0001 as shown in 
the Fig. below. 



 
The digital search tree functions to search and insert are quite similar to the corresponding 
functions for binary search trees. The essential difference is that the subtree to 
move to is determined by a bit in the search key rather than by the result of the comparison 
of the search key in the current node. The deletion of an item in a leaf is done by 
removing the leaf node. To delete from any other node, the deleted item must be replaced 
by a value from any leaf in its subtree and that leaf removed. 
Each of these operations can be performed in O(h) time, where h is the height of the 
digital search tree. If each key in a search tree has SIZE bits, then the height of the digital 
search tree is at most SIZE + 1. 
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