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Abstract-This paper explores the definition and importance of data structures in the field of Computer Science. We will aslo see 

the chief grounds of using various data structures.The study of data structure helps us to understand how data is organized 

and how data flow is managed to increase efficiency of any process or program. They also provide various methods to organize 

and represent the data within the computer’s memory. Different types of data structures are examined in this paper. This 

paper begins with an overview of data structures and its types. It then examines their main application and concludes with the 

necessity of data structures in the Computer Science specialization. This paper is the result after a detailed research under the 

situation of absence of data structures. 
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I. INTRODUCTION 
 

The data structure represents logical relationship that 

exists between individual elements of data to perform a 

specific task. The term data refers to numerical or other 

information represented in a form, suitable for processing 
by a computer. Structure can be defined as the way in 

which parts are arranged or put together to form a whole. 

A data structure can also be defined as the combination of 

data and all the potential operations, which are required 

for those set of data.  

 

The basic data items include bits, characters and integers. 

Data structures deal with manipulation and assembling of 

data. However, the data available is usually in the 

amorphous form. When different types of such amorphous 

data are related to each other, we refer to it as a data 
structure.  

 

For example, banks perform many operations such as 

opening accounts, closing accounts, adding money, and 

withdrawing money from an account. Hence, banking 

applications need appropriate data structures for their 

database system. The data structure should be such that it 

can efficiently handle search operations as well as basic 

functions like randomly inserting and deleting the data 

items from anywhere in the structure. 

 

The structural and functional aspects of a program depend 
on the design of the data structure. Thus, a data structure 

forms the basic building block of a program. Different 

data structures are used in applications for efficient 

operation of these applications. The programmers must 

select the correct data structure to write more efficient 

programs. This helps to solve the complexity of the 

problems at a rapid rate. Data structures are implemented 

by algorithms. In computer science, an algorithm is 

defined as a finite list of distinct instructions for 

calculating a function. Algorithms are used for data 

processing, calculation and automated reasoning. An 

algorithm can also be defined as a set of rules that 

accurately defines a series of operations. Robustness, 

adaptability and reusability are important aspects of data 

structures.  

 

II. CLASSIFICATION 
 

Data structure can be classified into two categories: 

Primitive data structures and Non-Primitive data 

structures.  

 

 
Fig 1. Classification of Data Structures. 
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III. PRIMITIVE DATA STRUCTURES 
 

Primitive data structures consist of the numbers and the 

characters which are built in programs. These can be 

manipulated or operated directly by the machine level 

instructions. Basic data types such as integer, real, 

character, and Boolean come under primitive data 

structures. These data types are also known as simple data 
types because they consist of characters that cannot be 

divided.  

 

Integer is used for integral or fixed-precision values. It is 

denoted as int. The type INTEGER includes a subset of 

the whole numbers whose size may differ in different 

computer systems. It is considered that all operations on 

data of this type are precise and correspond to the 

ordinary laws of arithmetic, and if the result lies outside 

the representable subset, the computation might fail. 

 
The primitive data type REAL designates a subset of the 

real numbers. Arithmetic done with operands of the type 

INTEGER is considered to yield accurate results, 

whereas, arithmetic on values of type REAL is permitted 

to be incorrect within the limits of round-off errors. This 

is the main reason for the apparent distinction between the 

types INTEGER and REAL. The four basic arithmetic 

operations which are also the standard operators are 

addition (+), subtraction (-), multiplication (*), and 

division (/).  

 

Character is used for character values. It is denoted as 
Char. The standard type CHAR consists of a set of 

printable characters. The type CHAR comprises 26 upper-

case letters, 26 lower-case letters, 10 decimal digits, and a 

number of other graphic characters such as, punctuation 

marks. The subsets of letters and digits are structured and 

contiguous. Every single computer stores character data in 

a one byte field as an integer value. A byte consists of 8 

bits so the one byte field has 256 possibilities using the 

positive values of 0 to 255. 

 

The type Boolean is used for Boolean values. The 
standard type BOOLEAN values are denoted by the two 

identifiers TRUE and FALSE. The Boolean operators 

comprise logical conjunction, disjunction, and negation. 

The logical conjunction is denoted by the symbol &, the 

logical disjunction by OR, and negation by “~”.  

 

IV. NON-PRIMITIVE DATA STRUCTURES 
 

Non-primitive data structures are those that are derived 

from primitive data structures. These data structures 

cannot be operated or manipulated directly by the 

machine level instructions. They focus on formation of a 

set of data elements that is either homogeneous (same data 

type) or heterogeneous (different data type). These are 

further divided into linear and non-linear data structure 

based on the structure and arrangement of data. 

1. Linear data structures 
A data structure that maintains a linear relationship among 

its elements is called a linear data structure. Here, the data 

is arranged in a linear fashion. But in the memory, the 

arrangement may not be sequential. Array, list, stack and 

queue come under the linear data structures. 

 

1.1Array: 

Array, in general, refers to an orderly arrangement of data 

elements. Array is a type of data structure that stores data 

elements in adjacent locations. Array is considered as 

linear data structure that stores elements of same data 

types. Hence, it is also called as a linear homogenous data 
structure. When we declare an array, we can assign initial 

values to each of its elements by enclosing the values in 

braces { }. 

 

Example: int Paul [5] = { 26, 7, 67, 50, 66 };  

 

This declaration will create an array as shown below:  

 

 
 

The number of values inside braces { } should be equal to 

the number of elements that we declare for the array 

inside the square brackets [ ]. In the example of array 

Paul, we have declared 5 elements and in the list of initial 

values within braces { } we have specified 5 values, one 

for each element. After this declaration, array Paul will 

have five integers, as we have provided 5 initialization 

values.  

 
Arrays can be classified as one-dimensional array, two-

dimensional array or multidimensional array.  

1. One-dimensional Array: It has only one row of 

elements. It is stored in ascending storage location. 

2. Two-dimensional Array: It consists of multiple rows 

and columns of data elements. It is also called as a 

matrix. 

3. Multidimensional Array: Multidimensional arrays can 

be defined as array of arrays. Multidimensional arrays 

are not bounded to two indices or two dimensions. They 

can include as many indices as required. 

 

1.2 Linked List: 

A linked list is a data structure in which each data element 

contains a pointer or link to the next element in the list. 

Through linked list, insertion and deletion of the data 

element is possible at all places of a linear list. Also in 

linked list, it is not necessary to have the data elements 

stored in consecutive locations. It allocates space for each 

data item in its own block of memory. Thus, a linked list 

is considered as a chain of data elements or records called 

nodes. Each node in the list contains information field and 

a pointer field. The information field contains the actual 



 

 

© 2021 IJSRET 
1406 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

data and the pointer field contains address of the 
subsequent nodes in the list. 

 

 
Fig 2. Single Linked List. 

 
Linked list is of four types: Single linked list, Circular 

linked list, Double linked list and Double circular linked 

list. 

 

A single linked list is formed when many nodes are linked 

together to form a chain. Each node points to the next 

node present in the order.  

 

Following is a C program to implement single linked list. 

#include<stdio.h> 

#include<stdlib.h> 

#include<conio.h> 
struct node 

{ 

int data; 

struct node *link; 

}; 

struct node *root=NULL; 

int len; 

void insert(void); 

void addatbeg(void); 

void length(void); 

void display(void); 
void delet(void); 

void delatbeg(void); 

void main(void){ 

int ch; 

clrscr(); 

printf("enter the data:\n"); 

while(1){ 

printf("1. Insert data\n"); 

printf("2. Add at begining\n"); 

printf("3. length\n"); 

printf("4. Display\n"); 
printf("5. Delete\n"); 

printf("6. Delete at begining\n"); 

printf("7. Quit\n"); 

printf("Enter a choice:\n"); 

scanf("%d",&ch); 

switch(ch) 

{ 

case 1:insert(); 

break; 
case 2:addatbeg(); 

break; 

case 3:printf("%d",length()); 

break; 

case 4:display(); 

break; 

case 5:delet(); 

break; 

case 6:delatbeg(); 

break; 

case 7:exit(1); 

break; 
default:printf("Enter correct choice:\n"); 

}}} 

void insert(void) 

{ 

struct node *temp; 

temp=(struct node*)malloc(sizeof(struct node)); 

printf("enter the data:"); 

scanf("%d",&temp->data); 

temp->link=NULL; 

if(root==Null){ 

root=temp; 
} 

else{ 

struct node *p; 

p=root; 

while(p->link!=NULL) 

{ 

p=p->link; 

} 

p->link=temp; 

}} 

int length() 

{ 
int count=0; 

struct node *temp; 

temp=root; 

while(temp!=NULL){ 

count++; 

temp=temp->link; 

} 

return count; 

} 

void display() 

{ 
struct node *temp; 

temp=root; 

if(temp==NULL){ 

printf("list is empty"); 

} 

else{ 

while(temp!=NULL){ 

printf("%d->",temp->data); 

temp=temp->link; 

}printf("\n\n"); 

}} 
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void addatbeg() 
{ 

struct node *temp; 

temp=(struct node*)malloc(sizeof(struct node)); 

printf("enter the data:"); 

scanf("%d",&temp->data); 

temp->link=root; 

root=temp; 

} 

void delet() 

{ 

struct node *temp; 

int pos,i; 
printf("enter the position:"); 

scanf("%d",&pos); 

temp=root; 

for(i=0;i<pos-1;i++){ 

temp=temp->link; 

} 

temp->link=temp->link->link; 

} 

void delatbeg() 

{ 

root=root->link; 
} 

 

A circular linked list is similar to single linked list but the 

last node points to the first node in the list. Below is an 

example of circular linked list. 

 

 
Fig 3. Circular Linked List. 

 

A double linked list is a sequence of elements in which 

every node has a link to its previous node and next node. 

Here, the node is divided into three parts. The first part of 

the node stores the address of the previous node, second 
part stores the data and the third part stores the address of 

the next node. Below is an example of double linked list. 

 
Fig 4. Double Linked List. 

 

A double circular linked list resembles double linked list 

but the last node points to the first element in the list. 
Below is an example of a double circular linked list.  

 

 
Fig 5. Double Circular Linked List. 

 

 

1.3 Stack: 

 
A stack is an ordered list in which data items are inserted 

and deleted only from one end. It is also known as Last-In 

First-Out list (LIFO) because the last element which 

enters the stack will be on top of the stack and is the first 

one to come out. The two main operations of stack are 

push and pop. Elements are added into stack by push 

operation and are deleted by pop operation. Stack is 

implemented using array and linked list. Below is an 

example of a stack.  

 

 
Fig 6. Stack. 

 

Here, element FF is the top of the stack and element AA is 

the bottom of the stack. Elements are added to the stack 

from the top. Since it follows LIFO pattern, EE cannot be 

deleted before FF is deleted, and similarly DD cannot be 

deleted before EE is deleted and so on. 

 

1.4 Queue: 

Queue is a linear data structure which follows First In First 

Out (FIFO) order. In queue, data elements are inserted 
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from one end called rear end and deleted from the other 
end called front end. The queue in ehich the rear end is 

connected to the frond end is called Circular queue. Below 

is an example of a queue. 

 

 

 

 

 

 

Fig 7. Queue. 

 

Here, 55 is the front element and 65 is the rear element. 
Elements can be added from the rear and deleted from the 

front.  

 

2. Non Linear data structures: 

Non-linear data structure is a kind of data structure in 

which data elements are not arranged in a sequential 

order. There is a hierarchical relationship between 

individual data items. Here, the insertion and deletion of 

data is not possible in a linear fashion. Trees and graphs 

are examples of non-linear data structures.   

 

2.1 Trees: 

A tree is a non-linear data structure in which data is 

organized in branches. The data elements in tree are 

arranged in a sorted order. It imposes a hierarchical 

structure on the data elements. Each value or key in a tree 

occurs only once, that is, there are no duplicates. In a 

binary tree, each node contains atmost two children. 

Below is an example of a tree. 

 

 
Fig 8. Binary Tree. 

 
There are 8 nodes in the above tree. The root of the tree is 

the node 60 at the top. Node 29 and 44 are the successors 

of the node 60. The nodes 6, 4, 12 and 67 are the terminal 

nodes as they do not have any successors.  

 

2.2 Graphs: 

A graph is also a non-linear data structure. In a tree data 

structure, all data elements are stored in definite 

hierarchical structure. In other words, each node has only 

one parent node. While in graphs, each data element is 

called a vertex and is connected to many other vertexes 
through connections called edges. Thus, a graph is 

considered as a mathematical structure, which is 

composed of a set of vertexes and a set of edges 

 

 
Fig 9. Graph. 

 

The above example,shows a graph with six nodes A, B, C, 
D, E, F and seven edges [A, B], [A, C], [A, D], [B, C], [C, 

F], [D, F] and [D, E].  

 

V. ABSTRACT DATA TYPE 
 

According to National Institute of Standards and 

Technology (NIST), a data structure is an organization of 
information, usually in the memory, for better algorithm 

efficiency. Data structures include queues, stacks, linked 

lists, dictionary, and trees. They could also be a 

conceptual entity, such as the name and address of a 

person. 

 

From the above definition, it is clear that the operations in 

data structure involve higher-level abstractions such as, 

adding or deleting an item from a list, accessing the 

highest priority item in a list, or searching and sorting an 

item in a list. When the data structure does such 
operations, it is called an abstract data type.   

 

An Abstract Data Type [ADT] is a technique that is used 

to specify the logical properties of a data type. ADT can 

be considered as a basic mathematical concept used to 

define the data types. An ADT consists of two parts, 

namely, a value definition and an operator definition. A 

value definition consists of a definition clause and a 

condition clause. Most basic ADT’s for the data structures 

are search() to find an element in the structure, insert() to 

insert an element into the structure, delete() to delete an 

element from the structure. Stack uses push() and pop() 
operations to insert and to delete an element respectively. 

 

VI. APPLICATIONS OF DATA 

STRUCTURES 
 

The data structures store the data according to the 

mathematical or logical model it is based on. The type of 

operations on a certain data structure makes it useful for 

specific tasks. Here is a brief discussion of different 

applications of data structures. 

1. Arrays: 

 Storing list of data elements belonging to same data 

type. 
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 Auxiliary storage for other data structures. 

 Storage of binary tree elements of fixed count. 

 Storage of matrices. 

 

2. Linked List: 

 Implementing stacks, queues, binary trees and graphs of 

predefined size. 

 Implement dynamic memory management functions of 

operating system. 

 Polynomial implementation for mathematical operations 

 Circular linked list is used to implement OS or 

application functions that require round robin execution 
of tasks. 

 Circular linked list is used in a slide show where a user 

wants to go back to the first slide after last slide is 

displayed. 

 When a user uses the alt+tab key combination to browse 

through the opened application to select a desired 

application 

 Doubly linked list is used in the implementation of 

forward and backward buttons in a browser to move 

backwards and forward in the opened pages of a 

website. 

 Circular queue is used to maintain the playing sequence 

of multiple players in a game. 

 

3. Stacks: 

 Temporary storage structure for recursive operations 

 Auxiliary storage structure for nested operations, 

function calls, deferred/postponed functions 

 Manage function calls 

 Evaluation of arithmetic expressions in various 

programming languages 

 Conversion of infix expressions into postfix expressions 

 Checking syntax of expressions in a programming 

environment 

 Matching of parenthesis 

 String reversal 

 In all the problems solutions based on backtracking. 

 Used in depth first search in graph and tree traversal. 

 Operating System functions 

 UNDO and REDO functions in an editor. 

 

4. Queues: 

 It is used in breadth search operation in graphs. 

 Job scheduler operations of OS like a print buffer queue, 

keyboard buffer queue to store the keys pressed by users 

 Job scheduling, CPU scheduling, Disk Scheduling 

 Priority queues are used in file downloading operations 

in a browser 

 Data transfer between peripheral devices and CPU. 

 Interrupts generated by the user applications for CPU 

 Calls handled by the customers in BPO 

5. Trees: 

 Implementing the hierarchical structures in computer 
systems like directory and file system. 

 Implementing the navigation structure of a website. 

 Code generation like Huffman’s code. 

 Decision making in gaming applications. 

 Implementation of priority queues for priority based OS 

scheduling functions. 

 Parsing of expressions and statements in programming 

language compilers. 

 For storing data keys for DBMS for indexing. 

 Spanning trees for routing decisions in computer and 

communications networks. 

 Hash trees. 

 path-finding algorithm to implement in AI, robotics and 
video games applications. 

 

6. Graphs: 

 Representing networks and routes in communication, 

transportation and travel applications 

 Routes in GPS 

 Interconnections in social networks and other network 

based applications 

 Mapping applications 

 Ecommerce applications to present user preferences 

 Utility networks to identify the problems posed to 
municipal or local corporations 

 Resource utilization and availability in an organization 

 Document link map of a website to display connectivity 

between pages through hyperlinks 

 Robotic motion and neural networks 

 

These are a few applications of data structures to make 

appropriate storage and management of data for specific 

applications. 

 

VII. FINDINGS 
 

Data structure basically implements two complementary 

goals. The first goal of data structure is to develop 

mathematical entities and operations, which can be used 

to solve particular classes of problems. The second goal is 

to find out representations for these entities and then 
implement the operations on those representations. This 

goal considers implementing the high level data type to 

solve the problems, which in turn uses existing data types.   

 

The fundamental goal of data structure is to produce 

solutions that are correct and efficient. This in turn helps 

to produce quality software. Therefore, in absence of data 

structures, there will be no techniques for programmers to 

handle the data efficiently.  
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