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• What is Data Structure?

• A data structure is a storage that is used to store and organize data. It 
is a way of arranging data on a computer so that it can be accessed 
and updated efficiently.



• A data structure is not only used for organizing the data. It is also 
used for processing, retrieving, and storing data. There are different 
basic and advanced types of data structures that are used in almost 
every program or software system that has been developed. So we 
must have good knowledge about data structures. 



Classification of Data Structure



• Linear Data Structure: Data structure in which data elements are 
arranged sequentially or linearly, where each element is attached to 
its previous and next adjacent elements, is called a linear data 
structure. 

• Example: Array, Stack, Queue, Linked List, etc.



• Static Data Structure: Static data structure has a fixed memory size. It 
is easier to access the elements in a static data structure. 

• Example: array.

• Dynamic Data Structure: In dynamic data structure, the size is not 
fixed. It can be randomly updated during the runtime which may be 
considered efficient concerning the memory (space) complexity of the 
code. 

• Example: Queue, Stack, etc.



• Non-Linear Data Structure: Data structures where data elements are 
not placed sequentially or linearly are called non-linear data 
structures. In a non-linear data structure, we can’t traverse all the 
elements in a single run only. 

• Examples: Trees and Graphs.



Algorithm



• Algorithm is a step-by-step procedure, which defines a set of 
instructions to be executed in a certain order to get the desired 
output. 

• Algorithms are generally created independent of underlying 
languages, i.e. an algorithm can be implemented in more than one 
programming language.



• From the data structure point of view, following are some important categories of 
algorithms −

• Search − Algorithm to search an item in a data structure.

• Sort − Algorithm to sort items in a certain order.

• Insert − Algorithm to insert item in a data structure.

• Update − Algorithm to update an existing item in a data structure.

• Delete − Algorithm to delete an existing item from a data structure.









Algorithm example





• Two common approaches used in designing algorithms are the 
bottom-up and top-down methods.

• Top-Down Approach

• The top-down approach, also known as “divide and conquer,” begins 
by viewing the problem in its entirety. 

• It starts with the main problem and breaks it down into smaller, more 
manageable sub problems. 

• This approach is generally associated with the use of recursion and is 
prevalent in design techniques like dynamic programming and divide-
and-conquer algorithms.



• For example, in the case of a sorting problem like Merge Sort, a top-
down approach would start by splitting the entire array into smaller 
pieces, sorting these smaller pieces, and then merging them back 
together to create a sorted array.



• The bottom-up approach, on the other hand, starts with the simplest 
and most basic subproblems and gradually builds up solutions to 
larger subproblems. 

• This technique is widely used in dynamic programming, where 
solutions to subproblems are typically stored in a table for easy access 
and to avoid recomputation.



• Take, for instance, the Fibonacci sequence, where each number is the 
sum of the two preceding ones. A bottom-up algorithm would start 
by computing the smallest values (base cases) of the sequence



Example 1: Write an algorithm to find the 
maximum of all the elements present in the array.

Follow the algorithm approach as below:

Step 1: Start 

Step 2: Declare a variable max with the value of the first element of the 
array.

Step 3: Compare max with other elements using loop.

Step 4: If max < array element value, change max to new max.

Step 5: If no element is left, return or print max otherwise goto step 3.

Step 6: End



Example 2: Write an algorithm to find the average 
of 3 subjects. 

• Step 1: Start 

• Step 2: Declare and Read 3 Subject, let’s say S1, S2, S3

• Step 3: Calculate the sum of all the 3 Subject values and store result in 
Sum variable (Sum = S1+S2+S3)

• Step 4: Divide Sum by 3 and assign it to Average variable. 

• (Average = Sum/3)

• Step 5: Print the value of Average of 3 Subjects

• Step 6: End 
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• Space complexity: An algorithm's space complexity is the amount of 
space required to solve a problem and produce an output. 

• Similar to the time complexity, space complexity is also expressed in 
big O notation.



For an algorithm, the space is required for the 
following purposes:
• To store program instructions

• To store constant values

• To store variable values

• To track the function calls, jumping statements, etc.



• Auxiliary space: The extra space required by the algorithm, excluding 
the input size, is known as an auxiliary space. 

• The space complexity considers both the spaces, i.e., auxiliary space, 
and space used by the input.

• So, Space complexity = Auxiliary space + Input size.







• #include <stdio.h>

• int main()

• {

• printf("Hello World");

• return 0;

• }

• Output

• Hello World



• In the above code “Hello World” is printed only once on the screen. 

• So, the time complexity is constant: O(1) i.e. every time a constant 
amount of time is required to execute code, no matter which 
operating system or which machine configurations you are using. 





• #include <stdio.h>

• void main()

• {

• int i, n = 8;

• for (i = 1; i <= n; i++) {

• printf("Hello World !!!\n");

• }

• }



• Output

• Hello World !!!

• Hello World !!!

• Hello World !!!

• Hello World !!!

• Hello World !!!

• Hello World !!!

• Hello World !!!

• Hello World !!!



• In the above code “Hello World !!!” is printed only n times on the 
screen, as the value of n can change. 

• So, the time complexity is linear: O(n) i.e. every time, a linear amount 
of time is required to execute code.



What does it mean to state best-case, worst-case and average time complexity of algorithms?

• Let's take the example of searching for an item sequentially within a 
list of unsorted items. 

• If we're lucky, the item may occur at the start of the list. If we're 
unlucky, it may be the last item in the list.

• The former is called best-case complexity and the latter is 
called worst-case complexity. 



• If the searched item is always the first one, then complexity is O(1).

• if it's always the last one, then complexity is O(n).

• We can also calculate the average complexity, which will turn out to 
be O(n).

• The term "complexity" normally refers to worst-case complexity.



Mathematically, different notations are 
defined
• Worst-case or upper bound: Big-O: O(n)

• Best-case or lower bound: Big-Omega: Ω(n)

• Average-case: Big-Theta: Θ(n)



• 1. Big O Notation

• Big-O notation represents the upper bound of the running time of an 
algorithm. 

• Therefore, it gives the worst-case complexity of an algorithm.



Omega Notation

• Omega notation represents the lower bound of the running time of 
an algorithm. Thus, it provides the best-case complexity of an 
algorithm.

• The execution time serves as a lower bound on the algorithm’s time 
complexity. It is defined as the condition that allows an algorithm to 
complete statement execution in the shortest amount of time.



Theta Notation

• Theta notation encloses the function from above and below. 

• Since it represents the upper and the lower bound of the running 
time of an algorithm, it is used for analyzing the average-case 
complexity of an algorithm. 

• The execution time serves as both a lower and upper bound on the 
algorithm’s time complexity. 

• It exists as both, the most, and least boundaries for a given input 
value.
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• Analyzing an algorithm means determining the amount of resources (such as time 
and memory)  needed to execute it. 

• Algorithms are generally designed to work with an arbitrary number of inputs, so 
the efficiency or complexity of an algorithm is stated in terms of time and space 
complexity.

• The time complexity of an algorithm is basically the running time of a program as 
a function of  the input size. 

• Similarly, the space complexity of an algorithm is the amount of computer 
memory  that is required during the program execution as a function of the input 
size.

• In other words, the number of machine instructions which a program executes is 
called its time complexity. 

• This number is primarily dependent on the size of the program’s input and the 
algorithm used.



• Generally, the space needed by a program depends on the following two 
parts:

• Fixed part: It varies from problem to problem. It includes the space needed 
for storing instructions, constants, variables, and structured variables (like 
arrays and structures).

• Variable part: It varies from program to program. 

• It includes the space needed for recursion stack, and for structured 
variables that are allocated space dynamically during the runtime of a 
program.

• However, running time requirements are more critical than memory 
requirements. 





• Algorithm Efficiency

• If a function is linear (without any loops or recursions), the efficiency 
of that algorithm or the running time of that algorithm can be given 
as the number of instructions it contains. 

• However, if an algorithm contains loops, then the efficiency of that 
algorithm may vary depending on the  number of loops and the 
running time of each loop in the algorithm









• Nested Loops

• Loops that contain loops are known as nested loops. 

• In order to analyze nested loops, we need to determine the number 
of iterations each loop completes.

• The total is then obtained as the product of the number of iterations 
in the inner loop and the number of iterations in the outer loop.



• we analyze the efficiency of the algorithm based on whether it is a 

• linear logarithmic, quadratic, or dependent quadratic nested loop.















• Best case O describes an upper bound for all combinations of input. 
It is possibly lower than the worst case. 

• For example, when sorting an array the best case is when the array is 
already correctly sorted.

• Worst case O describes a lower bound for worst case input 
combinations. It is possibly greater than the best case. 

• For example, when sorting an array the worst case is when the array 
is sorted in reverse order.



Questions
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Array in Data Structure

• Arrays are defined as the collection of similar types of data items 
stored at contiguous memory locations. 

• It is one of the simplest data structures where each data element can 
be randomly accessed by using its index number.





• In C programming, they are the derived data types that can store the 
primitive type of data such as int, char, double, float, etc.

• For example, if we want to store the marks of a student in 6 subjects, 
then we don't need to define a different variable for the marks in 
different subjects. 

• Instead, we can define an array that can store the marks in each 
subject at the contiguous memory locations.











3 dimensional array













output




