
  
                      
  

 



  
                      
  

Data Structure 

 
A data structure is a collection of data items stored in memory, in addition a number 
of operations are provided by the software to manipulate that data structure. Data 
Structures provides the programmatic way of storing data so that data can be used 
efficiently.  

There are two approaches to creating a data structure.  

Static Data Structure  

With a static data structure, the size of the structure is fixed. Static data 

structures are very good for storing a well-defined number of data items.  

Dynamic Data Structure 

There are many situations where the number of items to be stored is not 
known before use. In this case the dynamic data structure is used. This means 
the data structure is allowed to grow and shrink as the demand for storage 
arises.  

 



  
                      
  

Primitive and Abstract Data Structures 

Integer, Float, Boolean, Char etc. All are known as Primitive Data Structures. 

Whereas complex Data Structures, which are used to store large and connected 

data are Abstract data structures. Some example is Linked List, Tree, Graph, Stack, 

Queue etc. 

 

Characteristics of a Data Structure 

An algorithm is said to be efficient and fast, if it takes less time to   execute and 

consumes less memory space. The performance of an algorithm is measured on the 

basis of following properties: 

 

Space Complexity  

It is the amount of memory space required by the algorithm, during the course of its 
execution. An algorithm generally requires space for following components: 

 Instruction Space: It’s the space required to store the executable version 

of the program. This space is fixed, but varies depending upon the number of 
lines of code in the program. 

 Data Space: It’s the space required to store all the constants and variables 

value. 

 Environment Space: It’s the space required to store the environment 

information needed to resume the suspended function. 

 

 

Time Complexity  

Time Complexity is a way to represent the amount of time needed by the program 
to run to completion. There are various notations used for time Complexity.  

Usually, time required by an algorithm falls under three types − 

 Best Case − Minimum time required for program execution. 

 Average Case − Average time required for program execution. 

 Worst Case − Maximum time required for program execution. 



  
                      
  

 

Asymptotic Notations 

Following are commonly used asymptotic notations used in calculating running time 
complexity of an algorithm. 

 Ο Notation denotes "fewer than or the same as" <expression> iterations. 

 Ω Notation denotes "more than or the same as" <expression> iterations. 

 θ Notation denotes "the same as" <expression> iterations. 

 

Data Type 

Data type is way to classify various types of data such as integer, string etc. which 
determines the values that can be used with the corresponding type of data, the type 
of operations that can be performed on the corresponding type of data. Data type of 
two types-  

 Built-in Data Type 
 Derived Data Type 

Built-in Data Type 

Those data types for which a language has built-in support are known as Built-in Data 
types. For example, most of the languages provides following built-in data types. 

 Integers 
 Boolean (true, false) 
 Floating (Decimal numbers) 
 Character and Strings 

 

Derived Data Type 

Those data types which are implementation independent as they can be 
implemented in one or other way are known as derived data types. 

 

 



  
                      
  

 For example − 

 List 
 Array 
 Stack 
 Queue 

Further these derived data types can be broadly classified in two categories –  

 Linear structures: Arrays, linked lists, stacks, and queues are linear structures. 
 Hierarchical Structures: Trees, graphs, heaps etc. are hierarchical structures. 

Arrays 

Arrays are statically implemented data structures, hence the size of this data 
structure must be known at compile time and cannot be altered at run time.  

Arrays can be declared in various ways in different languages. For illustration, let's 
take C array declaration. 

 

 

 

 

Types of Array: 

1. Single Dimensional Array: 

Single or One Dimensional array is used to represent and store data in a linear 
form. Array having only one subscript variable is called One-Dimensional array. 

2. Multi-Dimensional Array: 

Array having more than one subscript variable is called Multi-Dimensional 
array. Multi-Dimensional Array is also called as Matrix. 



  
                      
  

Limitations of Array: 

Following are some listed limitations of Array - 

1) Static Data: Once Memory is allocated at Compile Time it cannot be 

Changed during Run-time 

2)  Can hold data belonging to same Data types 

3)  Inserting data in Array is Difficult 

4)  Deletion Operation is difficult 

5) Shortage of Memory: if we don’t know the size of memory in advance 

6)  Wastage of Memory: if array of large size is defined 

 

 

 

 

 

Linked lists 
Linked lists are the best and simplest example of a dynamic data structure that uses 

pointers for its implementation. A 'linked list' is one where each data item points to 

its neighbours. 

A linked list is a set of dynamically allocated nodes, arranged in such a way that each 
node contains one value and one pointer. The pointer always points to the next 
member of the list. If the pointer is NULL, then it is the last node in the list.  

 Data − It is Integer Part for Storing data inside Linked List Node  

 Next − It is pointer field which stores the address of another structure (i.e. 

node)  

 

 

 



  
                      
  

Linked lists have a few advantages over arrays: 

1. Items can be added or removed from the middle of the list 
2. There is no need to define an initial size 

Types of Linked List 

Following are the various flavors of linked list. 

 Simple Linked List − Item Navigation is forward only. 

 Doubly Linked List − Items can be navigated forward and backward 

way. 

 Circular Linked List − Last item contains link of the first element as 

next and and first element has link to last element as prev. 

Doubly Linked List  

Doubly Linked List is a variation of Linked list in which navigation is possible in both 
ways either forward and backward easily as compared to Single Linked List. 
Following are important terms to understand the concepts of doubly Linked List 

 Link − Each Link of a linked list can store a data called an element. 

 Next − Each Link of a linked list contain a link to next link called Next. 

 Prev − Each Link of a linked list contain a link to previous link called Prev. 

 

Circular Linked List  
In Circular Linked List Address field of Last node contain address of “First Node “. In 

short First Node and Last Nodes are adjacent. 

 

 

 



  
                      
  

The Stack 

A stack or LIFO (last in, first out) is an abstract data type that serves as a collection 
of elements just like in a real world stack. 

 

 

 

 

A stack is used for the following two primary operations − 

 push() − pushing (storing) an element on the stack. 

 pop() − removing (accessing) an element from the stack. 

 

 

 

 

 

 

 

Stack has specific but very useful applications; some of them are as follows:  

 Solving Recursion - recursive calls are placed onto a stack, and removed from 
there once they are processed.  

 Evaluating post-fix expressions  
 Solving Towers of Hanoi  
 Backtracking  
 Depth-first search  

 



  
                      
  

Expression Notation 

The way to write arithmetic expression is known as notation. An arithmetic 
expression can be written in three different but equivalent notations. 

Infix Notation 

We write expression in infix notation, e.g. a-b+c, where operators are used in-
between operands. It is easy for us humans to read, write and speak in infix notation 
but the same does not go well with computing devices. An algorithm to process infix 
notation could be difficult and costly in terms of time and space consumption. 

Prefix Notation 

In this notation, operator is prefixed to operands, i.e. operator is written ahead of 
operands. For example +ab. This is equivalent to its infix notation a+b. Prefix notation 
is also known as Polish Notation. 

Postfix Notation 

This notation style is known as Reversed Polish Notation. In this notation style, 
operator is postfixes to the operands i.e., operator is written after the operands. For 

example, ab+. This is equivalent to its infix notation a+b. 

S.n. Infix Notation Prefix Notation Postfix Notation 

1 a + b + a b a b + 

2 (a + b) * c * + a b c a b + c * 

3 a * (b + c) * a + b c a b c + * 

4 a / b + c / d + / a b / c d a b / c d / + 

5 (a + b) * (c + d) * + a b + c d a b + c d + * 

6 ((a + b) * c) - d - * + a b c d a b + c * d - 

 

 

 



  
                      
  

The Queue 

Queue is an abstract data structure, somewhat similar to stack. In contrast to stack, 
queue is opened at both end. Queue follows First-In-First-Out(FIFO) methodology, 
i.e., the data item stored first will be accessed first. 

A queue maintains two pointers - 

1. A 'front of queue' pointer 
2. An 'end of queue' pointer. 

 

Basic Operations 

Queue operations may involve initializing or defining the queue, utilizing it and then 
completing erasing it from memory. Here we shall try to understand basic 
operations associated with queues − 

 enqueue() − add (store) an item to the queue. 

 dequeue() − remove (access) an item from the queue. 

 

 

 

Queue has the following application uses:  

 Access to shared resources (e.g., printer)  
 Multiprogramming  
 Message queue 



  
                      
  

Sorting Techniques 

Bubble Sorting 

Bubble Sort is an algorithm which is used to sort N elements that are given in a 
memory for e.g: An Array with N number of elements. Bubble Sort compares all the 
element one by one and sort them based on their values.  

Complexity Analyse is - 

1. The complexity of Bubble Sort is O(n2).  

2. Space complexity for Bubble Sort is O(1), because only single additional 

memory space is required for temp variable.  

3. Best-case Time Complexity will be O(n), it is when the list is already sorted.  

Insertion Sorting 

It is a simple Sorting algorithm which sorts the array by shifting elements one by one. 

Complexity Analys is – 

1. Worst Case Time Complexity: O(n2) 

2. Best Case Time Complexity: O(n) 
3. Average Time Complexity: O(n2) 
4. Space Complexity: O(1) 

Selection Sorting 

Selection sorting is conceptually the most simplest sorting algorithm. This algorithm 
first finds the smallest element in the array and exchanges it with the element in the 
first position, then find the second smallest element and exchange it with the element 
in the second position, and continues in this way until the entire array is sorted. 

Complexity Analyse is – 

1. Worst Case Time Complexity: O(n2) 
2. Best Case Time Complexity: O(n2) 
3. Average Time Complexity: O(n2) 
4. Space Complexity: O(1) 

 



  
                      
  

 

Quick Sort  

Quick Sort, as the name suggests, sorts any list very quickly. Quick sort is not stable 
search, but it is very fast and requires very less additional space. It is based on the 
rule of Divide and Conquer (also called partition-exchange sort). This algorithm 
divides the list into three main parts: 

1. Elements less than the Pivot element 
2. Pivot element 
3. Elements greater than the pivot element 

 

Complexity Analysis is – 

1. Worst Case Time Complexity: O(n2) 
2. Best Case Time Complexity: O(n log n) 
3. Average Time Complexity: O(n log n) 
4. Space Complexity: O(n log n) 

 

Merge Sort Algorithm 

Merge Sort follows the rule of Divide and Conquer. But it doesn't divide the list into 
two halves. In merge sort the unsorted list is divided into N sub lists, each having one 
element, because a list of one element is considered sorted. Then, it repeatedly 
merges these sub lists, to produce new sorted sub lists, and at lasts one sorted list is 
produced. 

Complexity Analyse is – 

1. Worst Case Time Complexity: O(n log n) 
2. Best Case Time Complexity: O(n log n) 
3. Average Time Complexity: O(n log n) 
4. Space Complexity: O(n) 



  
                      
  

 

Heap Sort Algorithm 

Heap Sort is one of the best sorting methods being in-place and with no quadratic 
worst-case scenarios. Heap sort algorithm is divided into two basic parts: 

 Creating a Heap of the unsorted list. 
 Then a sorted array is created by repeatedly removing the largest/smallest 

element from the heap, and inserting it into the array. The heap is 
reconstructed after each removal. 

Complexity Analys is – 

1. Worst Case Time Complexity: O(n log n) 
2. Best Case Time Complexity: O(n log n) 
3. Average Time Complexity: O(n log n) 
4. Space Complexity: O(n) 

The Trees 

Tree is a hierarchical data structure. The very top element of a tree is called the root 
of the tree. Except the root element every element in a tree has a parent element, 
and zero or more children elements. All elements in the left sub-tree come before the 
root in sorting order, and all those in the right sub-tree come after the root.  

Tree is the most useful data structure when you have hierarchical information to 
store. For example, directory structure of a file system; there are many variants of 
tree, some of them are Red-black tree, threaded binary tree, AVL tree, etc.  

 

 

 

 

 

 



  
                      
  

Heap 

Heap is a binary tree that stores a collection of keys by satisfying heap property. Max 
heap and min heap are two flavors of heap data structure.  

The heap property for max heap is: each node should be greater than or equal to each 
of its children. While, for min heap it is: each node should be smaller than or equal to 
each of its children. Heap data structure is usually used to implement priority queues.  

The Graph 

Graph is a networked data structure that connects a collection of nodes called 
vertices, by connections, called edges. An edge can be seen as a path or 
communication link between two nodes. These edges can be either directed or 
undirected. If a path is directed then you can move in one direction only, while in an 
undirected path the movement is possible in both directions.  

a graph is a pair of sets (V, E), where V is the set of vertices and E is the set of edges, 
connecting the pairs of vertices. 

 

 

 

 

In the above graph, 

V = {a, b, c, d, e} 

E = {ab, ac, bd, cd, de} 

Shortest Path Problem  

shortest path problem is the problem of finding a path between two vertices (or 
nodes) in a graph such that the sum of the weights of its constituent edges is 
minimized. 

  Dijkstra's algorithm solves the single-source shortest path problem. 



  
                      
  

    Bellman–Ford algorithm solves the single-source problem if edge weights may be 
negative. 

    A* search algorithm solves for single pair shortest path using heuristics to try to 
speed up the search. 

    Floyd–War shall algorithm solves all pairs shortest paths. 

    Johnson's algorithm solves all pairs shortest paths, and may be faster than Floyd–
War shall on sparse graphs. 

    Viterbi algorithm solves the shortest stochastic path problem with an additional 
probabilistic weight on each node.  

 


