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ALGORITHM DESIGN
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Course Code: CSE-2102 Credits: 2

Exam hours: 3 CIE Marks: 90

SEE Marks: 60

Course Learning Outcome (CLOs): After Completing this course successfully, the student will be able to…

CLO1 Describe various algorithms and data structures and analyse their time and space complexity.

CLO2 Understand the principles of algorithm design, such as divide-and-conquer, dynamic programming, and

greedy algorithms.

CLO3 Create efficient algorithms to solve problems of varying complexity and design data structures to support

them.

CLO4 Apply algorithmic techniques to real-world problems and evaluate their effectiveness in practice.

CLO5 Identify NP-complete problems and explain their significance in the theory of algorithms, as well as

explore possible approaches to solving them.



SUMMARY OF COURSE CONTENT:
Sl. 

No.

COURSE CONTENT HRs CLOs

1 Introduction to algorithms: Definition of algorithms, algorithm analysis, asymptotic notation,

worst-case and average-case analysis, algorithm design techniques, and problem-solving

strategies.

6 CLO1 

&

CLO2

2 Sorting algorithms: Insertion sort, selection sort, bubble sort, quicksort, merge sort, heap sort,

radix sort, and comparison of sorting algorithms in terms of time and space complexity.

6 CLO3

3 Data structures and algorithms: Trees, binary search trees, AVL trees, B-trees, hash tables, priority

queues, heaps, graph representations, graph algorithms such as depth-first search, breadth-first

search, shortest path algorithms, and minimum spanning tree algorithms.

6 CLO4

4 Dynamic programming: The principle of optimality, the Bellman-Ford algorithm, the Floyd-

Warshall algorithm, the Knapsack problem, and the Longest Common Subsequence problem.

6 CLO4

5 Greedy algorithms: The activity selection problem, the Huffman coding problem, the minimum

spanning tree problem, and the shortest path problem.

6 CLO4

6 Divide-and-conquer algorithms: The maximum subarray problem, the closest pair of points

problems, and the fast Fourier transform algorithm.

6 CLO5

7 NP-completeness: The P versus NP problem, polynomial-time reductions, Cook's theorem, and

examples of NP-complete problems such as the traveling salesman problem, the satisfiability

problem, and the graph coloring problem.

6 CLO5
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Recommended Books:

1. "Introduction to Algorithms" by Thomas H. Cormen, Charles E. Leiserson, Ronald L. Rivest, and Clifford 

Stein

2. "Algorithm Design" by Jon Kleinberg and Éva Tardos

3. "The Design and Analysis of Algorithms" by Dexter C. Kozen
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ASSESSMENT PATTERN

CIE- Continuous Internal Evaluation ( 90 Marks)
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SEE- Semester End Examination (60 Marks)



COURSE PLAN

Week 

No

Topics Teaching Learning 

Strategy(s)

Assessment Strategy(s) Alignment 

to CLO

1 Introduction to algorithms: Describe various

algorithms & data structure, asymptotic notation.

Lecture, PowerPoint presentation, 

Q&A, in-class discussions.

Feedback, Q&A, assessment CLO1

2 Discuss worst, best & average case, time & space

complexity, problem solving strategies.

Lecture, PowerPoint presentation,

Q&A, in-class discussions.

Quizzes, Assignments CLO2

3 Sorting algorithms: Insertion sort, selection sort. Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment CLO3

4 Sorting algorithms: Bubble sort, quick sort. Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment CLO3

5 Sorting algorithms: Merge sort, Radix sort. Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment, 

Problem solving task.

CLO3

6 Data structures and algorithms: Trees, Tree

Traversal, Heap Sort, BST.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment, 

Problem solving task, Assignment.

CLO4

7 Data structures and algorithms: Graph

representation & types, BFS.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment, 

Problem solving task, Assignment.

CLO4
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COURSE PLAN

Week 

No

Topics Teaching Learning 

Strategy(s)

Assessment Strategy(s) Alignment 

to CLO

8 Data structures and algorithms: DFS & Shortest

path algorithm.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task.

CLO4

9 Data structures and algorithms: MST & AVL tree Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Quizzes, Feedback, Q&A, 

assessment, Problem solving task.

Assignments.

CLO4

10 Dynamic programming: Recursion, Introduction

to DP.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task.

Assignments.

CLO4

11 Dynamic programming: Tabulation vs

Memorization DP, Bellman ford algorithm.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task.

Assignments.

CLO4

12 Dynamic programming: Floyd Warshall

algorithm, knapsack 0/1.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task.

Assignments.

CLO4

13 Dynamic programming: Knapsack fractional,

LCS.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Quizzes, Feedback, Q&A,

assessment, Problem solving task,

Assignment.

CLO4

14 Greedy algorithms: The activity selection

problem, the Huffman coding problem.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task, Assignment.

CLO4
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COURSE PLAN

Week 

No

Topics Teaching Learning 

Strategy(s)

Assessment Strategy(s) Alignment 

to CLO

15 Divide-and-conquer algorithms: Maximum 

subarray problem, find minimum element.

Lecture, PowerPoint presentation,

Live coding(C&C++), Q&A, in-

class discussions.

Feedback, Q&A, assessment,

Problem solving task.

CLO5

16 Find minimum element using divided & conquer

algorithm, NP hard problem.

Lecture, PowerPoint presentation,

Q&A, in-class discussions.

Quizzes, Feedback, Q&A, 

assessment, Problem solving task.

Assignments.

CLO5

17 NP-completeness: Cook's theorem, graph coloring

problem.

Lecture, PowerPoint presentation,

Q&A, in-class discussions.

Feedback, Q&A, assessment,

Problem solving task.

Assignments.

CLO5
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WEEK 1

INTRODUCTION TO ALGORITHMS
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DEFINITION OF ALGORITHM 

An algorithm is a finite sequence of unambiguous instruction for solving a particular problem. It must satisfy the

specific characteristics.
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Characteristics of an algorithm
All algorithm satisfy the following criteria.

Input: Zero/more quantities are externally supplied.
Output: At least one quantity is produced.
Definiteness: Each instruction is clear and unambiguous.
Finiteness: If the instruction of an algorithm is traced then for all cases the algorithm must terminates after a 
finite number of steps.
Efficiency: Every instruction must be very basic and runs in short time with effective results better than human 
computations.  



ASYMPTOTIC NOTATION
Asymptotic Notations are mathematical tools used to analyze the performance of algorithms by understanding

how their efficiency changes as the input size grows.

There are mainly three asymptotic notations:

1.Big-O Notation (O-notation)

2.Omega Notation (Ω-notation)

3.Theta Notation (Θ-notation)
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Self Study 

Exercise Practice Problem 
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Week 2

Worst, best & average case, time & space complexity, problem solving strategies

19
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TIME COMPLEXITY

Time complexity of an algorithm is a quantitative measure of the amount of computational time an algorithm

takes to complete as a function of the size of its input. It expresses the relationship between the input size (n)

and the number of basic operations (e.g., comparisons, additions) the algorithm performs.

Key Aspects:

❖Input Size (n): The size of the input data affects how the runtime grows. Input size could be the number

of elements in an array, the number of nodes in a graph, or the length of a string.

❖Basic Operations: The number of fundamental operations (like comparisons, assignments, arithmetic

operations) required to solve a problem.

❖Asymptotic Behavior: Time complexity is concerned with how the runtime grows as the input size

increases, focusing on large input sizes (n→∞).

❖Expressed Using Big-O Notation: Time complexity is typically expressed in Big-O notation, which

provides an upper bound on the growth rate of the runtime.
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SPACE COMPLEXITY
Space complexity of an algorithm is a measure of the total amount of memory required by the algorithm to run

to completion as a function of the size of its input. It includes both the memory used for the input, temporary

storage, and auxiliary data structures.

• Key Components:

1.Fixed Part:

Memory required by the algorithm that does not depend on the size of the input. This includes:

1. Constants

2. Instruction space (code)

3. Static variables

2.Variable Part:

Memory required by the algorithm that depends on the size of the input. This includes:

1. Input data

2. Temporary variables

3. Recursion stack or additional dynamic data structures (like arrays, linked lists, etc.).
27



28



Self Study

Practice coding & difference of them
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Week 3

Sorting algorithms: Insertion sort, selection sort

30
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INSERTION SORT
Insertion Sort is a simple, intuitive sorting algorithm that works similarly to how we sort playing cards in our hands. It

builds the sorted array one element at a time by repeatedly picking the next element and inserting it into its correct

position relative to the already sorted part of the array.

Working Procedure:

• Step 1 - If the element is the first element, assume that it is already sorted. Return 1.

• Step 2 - Pick the next element, and store it separately in a key.

• Step 3 - Now, compare the key with all elements in the sorted array.

• Step 4 - If the element in the sorted array is smaller than the current element, then move to the next element.

Else, shift greater elements in the array towards the right.

• Step 5 - Insert the value.

• Step 6 - Repeat until the array is sorted.

31



WORKING PROCEDURE WITH DEMONSTRATION

To understand the working of the insertion sort algorithm, let's take an unsorted array. It will be easier to

understand the insertion sort via an example.

Let the elements of array are -

32

Initially, the first two elements are compared in insertion sort.

Here, 31 is greater than 12. That means both elements are already in ascending order. So, for now, 12 is stored in

a sorted sub-array.

Now, move to the next two elements and compare them.

Here, 25 is smaller than 31. So, 31 is not at correct position. Now, swap 31 with 25. Along with swapping,

insertion sort will also check it with all elements in the sorted array.

For now, the sorted array has only one element, i.e. 12. So, 25 is greater than 12. Hence, the sorted array remains

sorted after swapping.



33

Now, two elements in the sorted array are 12 and 25. Move forward to the next elements that are 31 and 8.

Both 31 and 8 are not sorted. So, swap them.

After swapping, elements 25 and 8 are unsorted.

So, swap them.

Now, elements 12 and 8 are unsorted.

So, swap them too.

Hence, they are already sorted. Now, the sorted array includes 8, 12, 25 and 31.

Move to the next elements that are 32 and 17.



17 is smaller than 32. So, swap them.

34

Swapping makes 31 and 17 unsorted. So, swap them too.

Now, swapping makes 25 and 17 unsorted. So, perform swapping again.

Now, the array is completely sorted.

Time Complexity:

Best case: O(n)

Worst case: O(n2)

Average case: O(n2)

Space Complexity:

O(1), Because directly modifies the input array & it sorts the input array without using additional memory

structures (like arrays, lists, or stacks).



SELECTION SORT
Selection Sort is a simple comparison-based sorting algorithm. It works by dividing the input array into two

parts: a sorted subarray and an unsorted subarray. The algorithm repeatedly selects the smallest (or largest)

element from the unsorted part and moves it to the sorted part.

Working Procedure:

35

• Start with the first element as the sorted subarray (initially empty).

• Find the smallest element in the unsorted part of the array.

• Swap this smallest element with the first element of the unsorted part.

• Expand the sorted subarray by including the newly sorted element.

• Repeat steps 2–4 for the remaining unsorted portion until the entire array is sorted.



WORKING PROCEDURE WITH DEMONSTRATION
To understand the working of the Selection sort algorithm, let's take an unsorted array. It will be easier to

understand the Selection sort via an example.

Let the elements of array are –

36

Now, for the first position in the sorted array, the entire array is to be scanned sequentially.

At present, 12 is stored at the first position, after searching the entire array, it is found that 8 is the smallest value.

So, swap 12 with 8. After the first iteration, 8 will appear at the first position in the sorted array.

For the second position, where 29 is stored presently, we again sequentially scan the rest of the items of unsorted

array. After scanning, we find that 12 is the second lowest element in the array that should be appeared at second

position.

Now, swap 29 with 12. After the second iteration, 12 will appear at the second position in the sorted array. So, after

two iterations, the two smallest values are placed at the beginning in a sorted way.



The same process is applied to the rest of the array elements. Now, we are showing a pictorial representation of the

entire sorting process.

37

Now, the array is completely sorted.



Time Complexity:

Best case: O(n2)

Worst case: O(n2)

Average case: O(n2)

Space Complexity:

O(1), Because directly modifies the input array & it sorts the input array without using additional

memory structures (like arrays, lists, or stacks).
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Self Study 

Practice coding & difference of them

39



Week 4

Bubble Sort & Quick Sort

40
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BUBBLE SORT

Bubble Sort is the simplest sorting algorithm that works by repeatedly swapping the adjacent elements if they

are in the wrong order.

Working Procedure:

Step 1 − Check if the first element in the input array is greater than the next element in the array.

Step 2 − If it is greater, swap the two elements; otherwise move the pointer forward in the array.

Step 3 − Repeat Step 2 until we reach the end of the array.

Step 4 − Check if the elements are sorted; if not, repeat the same process (Step 1 to Step 3) from the last  

element of the array to the first.

Step 5 − The final output achieved is the sorted array.
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WORKING PROCEDURE WITH DEMONSTRATION
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TIME & SPACE COMPLEXITY

Time Complexity

• Best Case Complexity - It occurs when there is no sorting required, i.e. the array is already sorted. The best-

case time complexity of bubble sort is O(n).

• Average Case Complexity - It occurs when the array elements are in jumbled order that is not properly

ascending and not properly descending. The average case time complexity of bubble sort is O(n2).

• Worst Case Complexity - It occurs when the array elements are required to be sorted in reverse order. That

means suppose you have to sort the array elements in ascending order, but its elements are in descending

order. The worst-case time complexity of bubble sort is O(n2).

Space Complexity: O(1)

45



QUICK SORT

QuickSort is a sorting algorithm based on the Divide and Conquer that picks an element as a pivot and partitions the

given array around the picked pivot by placing the pivot in its correct position in the sorted array.

Working Procedure:

There are mainly three steps in the algorithm:

1.Choose a Pivot: Select an element from the array as the pivot. The choice of pivot can vary (e.g., first element, last

element, random element, or median).

2.Partition the Array: Rearrange the array around the pivot. After partitioning, all elements smaller than the pivot

will be on its left, and all elements greater than the pivot will be on its right. The pivot is then in its correct position,

and we obtain the index of the pivot.

3.Recursively Call: Recursively apply the same process to the two partitioned sub-arrays (left and right of the pivot).

4.Base Case: The recursion stops when there is only one element left in the sub-array, as a single element is already

sorted.
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WORKING PROCEDURE WITH EXAMPLE
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TIME & SPACE COMPLEXITY

• Time Complexity:

• Best Case: (Ω(n log n)), Occurs when the pivot element divides the array into two equal halves.

• Average Case: (θ(n log n)), On average, the pivot divides the array into two parts, but not necessarily equal.

• Worst Case: (O(n²)), Occurs when the smallest or largest element is always chosen as the pivot (e.g., sorted

arrays).

• Auxiliary Space: O(n), due to recursive call stack
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Self Study

Practice coding & difference of them
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Week 5

Merge Sort & Radix Sort
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MERGE SORT

Merge sort is a sorting algorithm that follows the divide-and-conquer approach. It works by recursively

dividing the input array into smaller subarrays and sorting those subarrays then merging them back together to

obtain the sorted array.

Working Procedure:

1.Divide: Divide the list or array recursively into two halves until it can no more be divided.

2.Conquer: Each subarray is sorted individually using the merge sort algorithm.

3.Merge: The sorted subarrays are merged back together in sorted order. The process continues until all

elements from both subarrays have been merged.

56
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WORKING PROCEDURE WITH EXAMPLE
Let’s sort the array or list [38, 27, 43, 10] using Merge Sort.

57



58



59



60



Recurrence Relation of Merge Sort:

• The recurrence relation of merge sort is:

T(n)={Θ(1)if n=12T(n2)+Θ(n)if n>1T(n)={Θ(1)2T(2n​)+Θ(n)​if n=1if n>1​

• T(n) Represents the total time time taken by the algorithm to sort an array of size n.

• 2T(n/2) represents time taken by the algorithm to recursively sort the two halves of the array. Since each 

half has n/2 elements, we have two recursive calls with input size as (n/2).

• O(n) represents the time taken to merge the two sorted halves.
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TIME & SPACE COMPLEXITY
• Time Complexity:

• Best Case: O(n log n), When the array is already sorted or nearly sorted.

• Average Case: O(n log n), When the array is randomly ordered.

• Worst Case: O(n log n), When the array is sorted in reverse order.

• Auxiliary Space: O(n), Additional space is required for the temporary array used during merging.
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RADIX SORT

Radix Sort is a linear sorting algorithm that sorts elements by processing them digit by digit. It is an

efficient sorting algorithm for integers or strings with fixed-size keys.

How does Radix Sort Algorithm work?

To perform radix sort on the array [170, 45, 75, 90, 802, 24, 2, 66], we follow these steps:

63



• Step 1: Find the largest element in the array, which is 802. It has three digits, so we will iterate three times,

once for each significant place.

• Step 2: Sort the elements based on the unit place digits (X=0). We use a stable sorting technique, such as

counting sort, to sort the digits at each significant place. It’s important to understand that the default

implementation of counting sort is unstable i.e. same keys can be in a different order than the input array. To

solve this problem, We can iterate the input array in reverse order to build the output array. This strategy helps

us to keep the same keys in the same order as they appear in the input array.

Sorting based on the unit place:

• Perform counting sort on the array based on the unit place digits.

• The sorted array based on the unit place is [170, 90, 802, 2, 24, 45, 75, 66].
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Step 3: Sort the elements based on the tens place digits.

Sorting based on the tens place:

Perform counting sort on the array based on the tens place digits.

The sorted array based on the tens place is [802, 2, 24, 45, 66, 170, 75, 90].
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Step 4: Sort the elements based on the hundreds place digits.

• Sorting based on the hundreds place:

• Perform counting sort on the array based on the hundreds place digits.

• The sorted array based on the hundreds place is [2, 24, 45, 66, 75, 90, 170, 802].
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Step 5: The array is now sorted in ascending order.

• The final sorted array using radix sort is [2, 24, 45, 66, 75, 90, 170, 802].
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TIME & SPACE COMPLEXITY

• Best Case Complexity - It occurs when there is no sorting required, i.e. the array is already sorted. The best-

case time complexity of Radix sort is Ω(n+k).

• Average Case Complexity - It occurs when the array elements are in jumbled order that is not properly

ascending and not properly descending. The average case time complexity of Radix sort is θ(nk).

• Worst Case Complexity - It occurs when the array elements are required to be sorted in reverse order. That

means suppose you have to sort the array elements in ascending order, but its elements are in descending

order. The worst-case time complexity of Radix sort is O(nk).
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Self Study

Practice coding & difference of them
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Week 6

Introduction to Tree & Tree Traversal

70
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TREE
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TYPES OF TREES
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BINARY TREE

75

A binary Tree is defined as a Tree data structure with at most 2 children. Since each element in a binary tree can

have only 2 children, we typically name them the left and right child.

Example:

Consider the tree below. Since each node of this tree has only 2 children, it can be said that this tree is a Binary Tree



TYPES OF BINARY TREE

1. Full Binary Tree

A Binary Tree is a full binary tree if every node has 0 or 2 children. The following are examples of a full binary

tree. We can also say a full binary tree is a binary tree in which all nodes except leaf nodes have two children.

A full Binary tree is a special type of binary tree in which every parent node/internal node has either two or no

children. It is also known as a proper binary tree.
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2. Degenerate (or pathological) tree

A Tree where every internal node has one child. Such trees are performance-wise same as linked list. A

degenerate or pathological tree is a tree having a single child either left or right.
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3. Complete Binary Tree

A Binary Tree is a Complete Binary Tree if all the levels are completely filled except possibly the last level and

the last level has all keys as left as possible.

A complete binary tree is just like a full binary tree, but with two major differences:

• Every level except the last level must be completely filled.

• All the leaf elements must lean towards the left.

• The last leaf element might not have a right sibling i.e. a complete binary tree doesn’t have to be a full binary

tree.
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TREE TRAVERSAL
Tree Traversal techniques include various ways to visit all the nodes of the tree. Tree Traversal refers to the

process of visiting or accessing each node of the tree exactly once in a certain order. Tree traversal algorithms

help us to visit and process all the nodes of the tree. Since tree is not a linear data structure, there are multiple

nodes which we can visit after visiting a certain node. There are multiple tree traversal techniques which decide

the order in which the nodes of the tree are to be visited.

Tree Traversal Techniques:
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PREORDER TRAVERSAL
This technique follows the 'root left right' policy. It means that, first root node is visited after that the left subtree

is traversed recursively, and finally, right subtree is recursively traversed. As the root node is traversed before (or

pre) the left and right subtree, it is called preorder traversal.

So, in a preorder traversal, each node is visited before both of its subtrees.

Algorithm

Until all nodes of the tree are not visited

1.Step 1 - Visit the root node

2.Step 2 - Traverse the left subtree recursively.

3.Step 3 - Traverse the right subtree recursively.

81

So, the output of the preorder traversal of the above tree is -

A → B → D → E → C → F → G



INORDER TRAVERSAL
This technique follows the 'left root right' policy. It means that first left subtree is visited after that root node is

traversed, and finally, the right subtree is traversed. As the root node is traversed between the left and right

subtree, it is named inorder traversal.

Algorithm

Until all nodes of the tree are not visited

Step 1 - Traverse the left subtree recursively.

Step 2 - Visit the root node.

Step 3 - Traverse the right subtree recursively.

82

The output of the inorder traversal of the above tree is -

D → B → E →A→ F → C → G



POSTORDER TRAVERSAL
This technique follows the 'left-right root' policy. It means that the first left subtree of the root node is traversed,

after that recursively traverses the right subtree, and finally, the root node is traversed. As the root node is

traversed after (or post) the left and right subtree, it is called postorder traversal.

Algorithm

Until all nodes of the tree are not visited

Step 1 - Traverse the left subtree recursively.

Step 2 - Traverse the right subtree recursively.

Step 3 - Visit the root node.
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So, the output of the postorder traversal of the above tree is -

D → E → B → F → G → C →A



BST

A binary Search Tree is a node-based binary tree data structure that has the following properties:

• The left subtree of a node contains only nodes with keys lesser than the node’s key.

• The right subtree of a node contains only nodes with keys greater than the node’s key.

• The left and right subtree each must also be a binary search tree.
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Self Study

Practice
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Week 7

Introduction to Graph & Representation 

86
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GRAPH
A Graph is a non-linear data structure consisting of vertices and edges. The vertices are sometimes also referred

to as nodes and the edges are lines or arcs that connect any two nodes in the graph. More formally a Graph is

composed of a set of vertices( V ) and a set of edges( E ). The graph is denoted by G(V, E).

Representations of Graph

Here are the two most common ways to represent a graph.

1.Adjacency Matrix

2.Adjacency List

Adjacency Matrix Representation

An adjacency matrix is a way of representing a graph as a matrix of boolean (0’s and 1’s)

Let’s assume there are n vertices in the graph So, create a 2D matrix adjMat[n][n] having dimension n x n.

• If there is an edge from vertex i to j, mark adjMat[i][j] as 1.

• If there is no edge from vertex i to j, mark adjMat[i][j] as 0. 87
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Representation of Undirected Graph as Adjacency Matrix:

The below figure shows an undirected graph. Initially, the entire Matrix is ​​initialized to 0. If there is an edge

from source to destination, we insert 1 to both cases (adjMat[destination] and adjMat[destination]) because

we can go either way.
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Representation of Directed Graph as Adjacency Matrix:

The below figure shows a directed graph. Initially, the entire Matrix is ​​initialized to 0. If there is an edge from

source to destination, we insert 1 for that particular adjMat[destination].
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Adjacency List Representation

An array of Lists is used to store edges between two vertices. The size of array is equal to the number of vertices

(i.e, n). Each index in this array represents a specific vertex in the graph. The entry at the index i of the array

contains a linked list containing the vertices that are adjacent to vertex i.

Let’s assume there are n vertices in the graph So, create an array of list of size n as adjList[n].

• adjList[0] will have all the nodes which are connected (neighbour) to vertex 0.

• adjList[1] will have all the nodes which are connected (neighbour) to vertex 1 and so on.

Representation of Undirected Graph as Adjacency list:

The below undirected graph has 3 vertices. So, an array of list will be created of size 3, where each indices

represent the vertices. Now, vertex 0 has two neighbours (i.e, 1 and 2). So, insert vertex 1 and 2 at indices 0 of

array. Similarly, For vertex 1, it has two neighbour (i.e, 2 and 0) So, insert vertices 2 and 0 at indices 1 of array.

Similarly, for vertex 2, insert its neighbours in array of list.
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TYPES OF GRAPH

1.Undirected Graphs: A graph in which edges have no direction, i.e., the edges do not have arrows indicating the

direction of traversal. Example: A social network graph where friendships are not directional.

2.Directed Graphs: A graph in which edges have a direction, i.e., the edges have arrows indicating the direction of

traversal. Example: A web page graph where links between pages are directional.

3.Weighted Graphs: A graph in which edges have weights or costs associated with them. Example: A road network

graph where the weights can represent the distance between two cities.

4.Unweighted Graphs: A graph in which edges have no weights or costs associated with them. Example: A social

network graph where the edges represent friendships.

5.Complete Graphs: A graph in which each vertex is connected to every other vertex. Example: A tournament graph

where every player plays against every other player.

6.Bipartite Graphs: A graph in which the vertices can be divided into two disjoint sets such that every edge connects

a vertex in one set to a vertex in the other set. Example: A job applicant graph where the vertices can be divided into

job applicants and job openings.
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BFS
Breadth First Search (BFS) is a fundamental graph traversal algorithm. It begins with a node, then first traverses

all its adjacent.

Algorithm:

Step 1: SET STATUS = 1 (ready state) for each node in G

Step 2: Enqueue the starting node A and set its STATUS = 2 (waiting state)

Step 3: Repeat Steps 4 and 5 until QUEUE is empty

Step 4: Dequeue a node N. Process it and set its STATUS = 3 (processed state).

Step 5: Enqueue all the neighbours of N that are in the ready state (whose STATUS = 1) and set

their STATUS = 2

(waiting state)

[END OF LOOP]

Step 6: EXIT
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DFS
Depth first Search or Depth first traversal is a recursive algorithm for searching all the vertices of a graph or tree

data structure. Traversal means visiting all the nodes of a graph.

Algorithm:

The DFS algorithm works as follows:

1.Start by putting any one of the graph's vertices on top of a stack.

2.Take the top item of the stack and add it to the visited list.

3.Create a list of that vertex's adjacent nodes. Add the ones which aren't in the visited list to the top of the stack.

4.Keep repeating steps 2 and 3 until the stack is empty.
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MST

A minimum spanning tree (MST) is defined as a spanning tree that has the minimum weight among all the possible spanning trees.

There are several algorithms to find the minimum spanning tree from a given graph, some of them are listed below:

• Kruskal’s Minimum Spanning Tree Algorithm

• Prim’s Minimum Spanning Tree Algorithm
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KRUSKAL’S MINIMUM SPANNING TREE ALGORITHM

Below are the steps for finding MST using Kruskal’s algorithm:

1.Sort all the edges in non-decreasing order of their weight.

2.Pick the smallest edge. Check if it forms a cycle with the spanning tree formed so far. If the cycle is not

formed, include this edge. Else, discard it.

3.Repeat step#2 until there are (V-1) edges in the spanning tree.

Illustration:

Below is the illustration of the above approach:
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The graph contains 9 vertices and 14 edges. So, the minimum spanning tree formed will be having (9 – 1) = 8 edges.

After sorting:
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Now pick all edges one by one from the sorted list of edges

Step 1: Pick edge 7-6. No cycle is formed, include it.
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Step 2: Pick edge 8-2. No cycle is formed, include it.



Step 3: Pick edge 6-5. No cycle is formed, include it.
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Step 4: Pick edge 0-1. No cycle is formed, include it.



Step 5: Pick edge 2-5. No cycle is formed, include it.
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Step 6: Pick edge 8-6. Since including this edge results in the cycle, discard it. Pick edge 2-3: No cycle is formed,

include it.



Step 7: Pick edge 7-8. Since including this edge results in the cycle, discard it. Pick edge 0-7. No cycle is formed, 

include it.
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Step 8: Pick edge 1-2. Since including this edge results in the cycle, discard it. Pick edge 3-4. No cycle is formed, 

include it.



PRIM’S MINIMUM SPANNING TREE ALGORITHM
Step 1: Determine an arbitrary vertex as the starting vertex of the MST.

Step 2: Follow steps 3 to 5 till there are vertices that are not included in the MST (known as fringe vertex).

Step 3: Find edges connecting any tree vertex with the fringe vertices.

Step 4: Find the minimum among these edges.

Step 5: Add the chosen edge to the MST if it does not form any cycle.

Step 6: Return the MST and exit

Consider the following graph as an example for which we need to find the Minimum Spanning Tree (MST).
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Step 1: Firstly, we select an arbitrary vertex that acts as the starting vertex of the Minimum Spanning Tree. 

Here we have selected vertex 0 as the starting vertex.
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Step 2: All the edges connecting the incomplete MST and other vertices are the edges {0, 1} and {0, 7}. Between

these two the edge with minimum weight is {0, 1}. So include the edge and vertex 1 in the MST.
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Step 3: The edges connecting the incomplete MST to other vertices are {0, 7}, {1, 7} and {1, 2}. Among these

edges the minimum weight is 8 which is of the edges {0, 7} and {1, 2}. Let us here include the edge {0, 7} and the

vertex 7 in the MST. [We could have also included edge {1, 2} and vertex 2 in the MST].
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Step 4: The edges that connect the incomplete MST with the fringe vertices are {1, 2}, {7, 6} and {7, 
8}. Add the edge {7, 6} and the vertex 6 in the MST as it has the least weight (i.e., 1).



124

Step 5: The connecting edges now are {7, 8}, {1, 2}, {6, 8} and {6, 5}. Include edge {6, 5} and vertex 5 in 
the MST as the edge has the minimum weight (i.e., 2) among them.
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Step 6: Among the current connecting edges, the edge {5, 2} has the minimum weight. So include 
that edge and the vertex 2 in the MST.
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Step 7: The connecting edges between the incomplete MST and the other edges are {2, 8}, {2, 3}, {5, 3}
and {5, 4}. The edge with minimum weight is edge {2, 8} which has weight 2. So include this edge and
the vertex 8 in the MST.
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Step 8: See here that the edges {7, 8} and {2, 3} both have same weight which are minimum. But 7 is
already part of MST. So we will consider the edge {2, 3} and include that edge and vertex 3 in the MST.
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Step 9: Only the vertex 4 remains to be included. The minimum weighted edge from the incomplete MST
to 4 is {3, 4}.
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The final structure of the MST is as follows and the weight of the edges of the MST is
(4 + 8 + 1 + 2 + 4 + 2 + 7 + 9) = 37.
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