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UNIT-1 

 

CO1: Learn how specify an Algorithm and to evaluate the expressions in stack and 

queues. 

 

Algorithm 

• An algorithm is a step-by-step procedure to solve a problem in a finite number of 

steps. 

• Branching and repetition are included in the steps of an algorithm. 

• This branching and repetition depend on the problem for which Algorithm is 

developed. 

• All the steps of Algorithm during the definition should be written in a human-

understandable language which does not depend on any programming language. 

• We can choose any programming language to implement the Algorithm. 

• Pseudocode and flow chart are popular ways to represent an algorithm. 

 

Characteristics of an Algorithm 

• Input − An algorithm should have 0 or more well-defined inputs. 

• Output − An algorithm should have 1 or more well-defined outputs, and should match 

the desired output.. 

• Independent − An algorithm should have step-by-step directions, which should be 

independent of any programming code. 

• Finiteness: An algorithm must be finite. Finiteness in this context means that the 

algorithm should have a limited number of instructions, i.e., the instructions should be 

countable. 

• Effectiveness: Because each instruction in an algorithm affects the overall process, it 

should be adequate 

• Definiteness: Each step must be clear, unambiguous, and precisely defined 

The three most important criteria for an algorithm are: 

          Correctness:   Algorithms has to perform a task what it is suppose to do 

Efficiency :  running time is more synificant than the amount of space. 

Simplicity: algorithms must be easy to understand and implement. 

 



 

SPECIFICATION OF AN  ALGORITHM:- 

•     Natural language: implement a natural language like English 

• Flow charts: Graphic representations denoted flowcharts, only if the algorithm is small 

and simple. 

• Pseudo code: This pseudo code skips most issues of ambiguity; no particularity regarding 

syntax programming language. 

Example 1: Algorithm for calculating factorial value of a number 

Step 1: a number n is inputted 

Step 2: variable final is set as 1 

Step 3: final<= final * n 

Step 4: decrease n 

Step 5: verify if n is equal to 0 

Step 6: if n is equal to zero, goto step 8 (break out of loop) 

Step 7: else goto step 3 

Step 8: the result final is printed 

 

PERFORMANCE ANAYSIS:- 

Performance analysis of an algorithm depends upon two factors i.e. amount of memory used and 

amount of compute time consumed on any CPU. Formally they are notified as complexities in 

terms of: 

▪ Space Complexity. 

▪ Time Complexity. 

 

Space Complexity of an algorithm is the amount of memory it needs to run to completion i.e. 

from start of execution to its termination. Space need by any algorithm is the sum of following 

components: 

1. Fixed Component: This is independent of the characteristics of the inputs and outputs. This part 

includes: Instruction Space, Space of simple variables, fixed size component variables, and 

constants variables.  

2. Variable Component: This consist of the space needed by component variables whose size is 

dependent on the particular problems instances(Inputs/Outputs) being solved, the space needed 

by referenced variables and the recursion stack space is one of the most prominent components. 

Also this included the data structure components like Linked list, heap, trees, graphs etc. 

Example: Space Complexity 

Algorithm Sum(number,size)\\ procedure will produce sum of all numbers provided in 

'number' list 

{ 



 

       result=0.0; 

       for count = 1 to size dO \\will repeat from 1,2,3,4,....size times 

  

          result= result + number[count]; 

       return result; 

} 

Time Complexity of an algorithm(basically when converted to program) is the amount of 

computer time it needs to run to completion. The time taken by a program is the sum of the 

compile time and the run/execution time . The compile time is independent of the 

instance(problem specific) characteristics. following factors effect the time complexity: 

1. Characteristics of compiler used to compile the program. 

2. Computer Machine on which the program is executed and physically clocked. 

3. Multiuser execution system. 

4. Number of program steps. 

Time(A) = Fixed Time(A) + Instance Time(A) 

Asymptotic Notations:- 

  

Asymptotic notations are mathematical tools to represent the time complexity of algorithms for 

asymptotic analysis. The following 3 asymptotic notations are mostly used to represent the 

time complexity of algorithms.  

 

1) Θ Notation: The theta notation bounds a function from above and below, so it defines exact 

asymptotic behavior.  

A simple way to get the Theta notation of an expression is to drop low-order terms and ignore 

leading constants. For example, consider the following expression.  

3n3 + 6n2 + 6000 = Θ(n3)  

Dropping lower order terms is always fine because there will always be a number(n) after 

which Θ(n3) has higher values than Θ(n2) irrespective of the constants involved.  

   

2) Big O Notation: 

The Big O notation is useful when we only have an upper bound on the time complexity of an 

algorithm. Many times we easily find an upper bound by simply looking at the algorithm.   

O(g(n)) = { f(n): there exist positive constants c and  

                  n0 such that 0 <= f(n) <= c*g(n) for  

                  all n >= n0} 
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3) Ω Notation: Just as Big O notation provides an asymptotic upper bound on a function, Ω 

notation provides an asymptotic lower bound.  

Ω Notation can be useful when we have a lower bound on the time complexity of an algorithm. 

As discussed in the previous post, the best case performance of an algorithm is generally not 

useful, the Omega notation is the least used notation among all three.  

For a given function g(n), we denote by Ω(g(n)) the set of functions.   

Ω (g(n)) = {f(n): there exist positive constants c and 

                  n0 such that 0 <= c*g(n) <= f(n) for 

                  all n >= n0}. 

 

 

 

Stack: 

Stack is a linear data structure which follows a particular order in which the operations are 

performed. The order may be LIFO(Last In First Out) or FILO(First In Last Out). 

. The stack data structure has the two most important operations that are push and pop. The push 

operation inserts an element into the stack and pop operation removes an element from the top of 

the stack. Let's see how they work on stack. 

Basic Operations 

Stack operations may involve initializing the stack, using it and then de-initializing it. Apart 

from these basic stuffs, 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. 

When data is PUSHed onto stack. 

https://www.geeksforgeeks.org/analysis-of-algorithms-set-2-asymptotic-analysis/
https://www.geeksforgeeks.org/analysis-of-algorithms-set-2-asymptotic-analysis/


 

To use a stack efficiently, we need to check the status of stack as well. For the same purpose, 

the following functionality is added to stacks − 

• peek() − get the top data element of the stack, without removing it. 

• isFull() − check if stack is full. 

• isEmpty() − check if stack is empty. 

 

Let's push 20, 13, 89, 90, 11, 45, 18, respectively into the stack. 

 

Let's remove (pop) 18, 45, and 11 from the stack. 

 

POP operation 

The steps involved in the POP operation is given below: 

o Before deleting the element from the stack, we check whether the stack is empty. 



 

o If we try to delete the element from the empty stack, then the underflow condition 

occurs. 

o If the stack is not empty, we first access the element which is pointed by the top 

o Once the pop operation is performed, the top is decremented by 1, i.e., top=top-1. 

 

 

QUEUE:- 

1. A queue can be defined as an ordered list which enables insert operations to be performed at 

one end called REAR and delete operations to be performed at another end called FRONT. 

2. Queue is referred to be as First In First Out list. 

3. For example, people waiting in line for a rail ticket form a queue. 

 

 

 

Algorithm for ENQUEUE operation 

1. Check if the queue is full or not. 



 

2. If the queue is full, then print overflow error and exit the program. 

3. If the queue is not full, then increment the tail and add the element. 

Algorithm for DEQUEUE operation 

1. Check if the queue is empty or not. 

2. If the queue is empty, then print underflow error and exit the program. 

3. If the queue is not empty, then print the element at the head and increment the head. 

 

Basic Operations 

Queue operations may involve initializing or defining the queue, utilizing it, and then 

completely erasing it from the memory. Here we shall try to understand the basic operations 

associated with queues − 

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

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

Few more functions are required to make the above-mentioned queue operation efficient. These 

are − 



 

• peek() − Gets the element at the front of the queue without removing it. 

• isfull() − Checks if the queue is full. 

• isempty() − Checks if the queue is empty. 

In queue, we always dequeue (or access) data, pointed by front pointer and while enqueing (or 

storing) data in the queue we take help of rear pointer. 

 

EVALUATION OF EXPRESSION:- 

 An arithmetic expression can be written in three different but equivalent notations, i.e., without 

changing the essence or output of an expression. These notations are − 

• Infix Notation 

• Prefix (Polish) Notation 

• Postfix (Reverse-Polish) Notation 

 

 

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, the operator 

is postfixed to the operands i.e., the operator is written after the operands. For example, ab+. 

This is equivalent to its infix notation a + b. 

 

 

 

 

 



 

Unit-2 

CO2: Understand how to represent Binary Tree. Understand 

Graphs Terminology and Traversal 

TREES BASIC TERMINOLOGY 

In linear data structure data is organized in sequential order and in non-linear data structure 

data is organized in random order. A tree is a very popular non-linear data structure used in a 

wide range of applications. A tree data structure can be defined as follows... 

 

Tree is a non-linear data structure which organizes data in hierarchical structure and 

this is a recursive definition. 

Tree data structure is a collection of data (Node) which is organized in hierarchical 

structure recursively 

 

Example 

 
Terminology 

In a tree data structure, we use the following terminology... 

1.Root 

In a tree data structure, the first node is called as Root Node. Every tree must have a root 

node. We can say that the root node is the origin of the tree data structure. In any tree, there 

must be only one root node. We never have multiple root nodes in a tree. 

 



 

2. EdgeIn a tree data structure, the connecting link between any two nodes is called 

as EDGE. In a tree with 'N' number of nodes there will be a maximum of 'N-1' number of 

edges. 

 

3. Parent 

In a tree data structure, the node which is a predecessor of any node is called as PARENT 

NODE. In simple words, the node which has a branch from it to any other node is called a 

parent node. Parent node can also be defined as "The node which has child / children". 

 

4. Child 

In a tree data structure, the node which is descendant of any node is called as CHILD Node. 

In simple words, the node which has a link from its parent node is called as child node. In a 

tree, any parent node can have any number of child nodes. In a tree, all the nodes except root 

are child nodes. 

 

5. Siblings 

In a tree data structure, nodes which belong to same Parent are called as SIBLINGS. In 

simple words, the nodes with the same parent are called Sibling nodes. 



 

 

      6. Leaf 

In a tree data structure, the node which does not have a child is called as LEAF Node. In 

simple words, a leaf is a node with no child. 

 

In a tree data structure, the leaf nodes are also called as External Nodes. External node is 

also a node with no child. In a tree, leaf node is also called as 'Terminal' node. 

 
7. Internal node 

In a tree data structure, the node which has atleast one child is called as INTERNAL Node. 

In simple words, an internal node is a node with atleast one child. 

 

In a tree data structure, nodes other than leaf nodes are called as Internal Nodes. The root 

node is also said to be Internal Node if the tree has more than one node. Internal nodes are 

also called as 'Non-Terminal' nodes. 

 

8. Degree 

In a tree data structure, the total number of children of a node is called as DEGREE of that 

Node. In simple words, the Degree of a node is total number of children it has. The highest 

degree of a node among all the nodes in a tree is called as 'Degree of Tree' 

 



 

9. Level 

In a tree data structure, the root node is said to be at Level 0 and the children of root node are 

at Level 1 and the children of the nodes which are at Level 1 will be at Level 2 and so on... In 

simple words, in a tree each step from top to bottom is called as a Level and the Level count 

starts with '0' and incremented by one at each level (Step). 

 

10. Height 

In a tree data structure, the total number of edges from leaf node to a particular node in the 

longest path is called as HEIGHT of that Node. In a tree, height of the root node is said to 

be height of the tree. In a tree, height of all leaf nodes is '0'. 

 

11. Depth 

In a tree data structure, the total number of egdes from root node to a particular node is called 

as DEPTH of that Node. In a tree, the total number of edges from root node to a leaf node in 

the longest path is said to be Depth of the tree. In simple words, the highest depth of any 

leaf node in a tree is said to be depth of that tree. In a tree, depth of the root node is '0'. 

 

12. Path:In a tree data structure, the sequence of Nodes and Edges from one node to another 

node is called as PATH between that two Nodes. Length of a Path is total number of nodes 

in that path. In below example the path A - B - E - J has length 4. 



 

 

13. Sub Tree 

In a tree data structure, each child from a node forms a subtree recursively. Every child node 

will form a subtree on its parent node. 

 

BINARY TREE: 

The Binary tree means that the node can have maximum two children. Here, binary 

name itself suggests that 'two'; therefore, each node can have either 0, 1 or 2 children. 

example. 

 

Properties of Binary Tree 

At each level of i, the maximum number of nodes is 2i. 

The height of the tree is defined as the longest path from the root node to the leaf node. The 

tree which is shown above has a height equal to 3. Therefore, the maximum number of nodes 

at height 3 is equal to (1+2+4+8) = 15. In general, the maximum number of nodes possible at 

height h is (20 + 21 + 22+….2h) = 2h+1 -1. 

Types of Binary Tree:There are four types of Binary tree: 



 

1.Full/ proper/ strict Binary tree 

2.Complete Binary tree 

3.Perfect Binary tree 

4.Degenerate Binary tree 

1.Full/ proper/ strict Binary tree 

The full binary tree is also known as a strict binary tree. The tree can only be considered as the 

full binary tree if each node must contain either 0 or 2 children. The full binary tree can also be 

defined as the tree in which each node must contain 2 children expect the leaf node 

simple example of the Full Binary tree. 

 

In the above tree, we can observe that each node is either containing zero or two children; 

therefore, it is a Full Binary tree. 

Properties of Full Binary Tree 

The number of leaf nodes is equal to the number of internal nodes plus 1. In the above 

example, the number of internal nodes is 5; therefore, the number of leaf nodes is equal to 6. 

The maximum number of nodes is the same as the number of nodes in the binary tree, i.e., 

2h+1 -1. 

The minimum number of nodes in the full binary tree is 2*h-1. 

The minimum height of the full binary tree is log2(n+1) - 1. 

The maximum height of the full binary tree can be computed as 

n= 2*h - 1 



 

n+1 = 2*h 

h = n+1/2 

2.Complete Binary Tree 

The complete binary tree is a tree in which all the nodes are completely filled except the last 

level. In the last level, all the nodes must be as left as possible. In a complete binary tree, the 

nodes should be added from the left. 

Let's create a complete binary tree. 

 

The above tree is a complete binary tree because all the nodes are completely filled, and all 

the nodes in the last level are added at the left first. 

Properties of Complete Binary Tree 

The maximum number of nodes in complete binary tree is 2h+1 - 1. 

The minimum number of nodes in complete binary tree is 2h. 

The minimum height of a complete binary tree is log2 (n+1) - 1. 

The maximum height of a complete binary tree is 

3.Perfect Binary Tree 

A tree is a perfect binary tree if all the internal nodes have 2 children, and all the leaf 

nodes are at the same level. 

 

 



 

simple example of a perfect binary tree. 

The below tree is not a perfect binary tree because all the leaf nodes are not at the same level. 

 

 

4.Degenerate Binary Tree 

The degenerate binary tree is a tree in which all the internal nodes have only one children. 

Let's understand the Degenerate binary tree through examples. 

 

The above tree is a degenerate binary tree because all the nodes have only one child. It is also 

known as a right-skewed tree as all the nodes have a right child only. 

 

The above tree is also a degenerate binary tree because all the nodes have only one child. It is 

also known as a left-skewed tree as all the nodes have a left child only. 



 

Binary Tree Representations 

A binary tree data structure is represented using two methods. Those methods are as 

follows... 

Array Representation 

Linked List Representation 

Consider the following binary tree... 

 
1.Array representation of binary tree 

 

In array representation of a binary tree, we use one-dimensional array (1-D Array) to 

represent a binary tree. 

Consider the above example of a binary tree and it is represented as follows... 

 

A B C D F G H I J - - - K - - 

 

To represent a binary tree of depth 'n' using array representation, we need one dimensional 

array with a maximum size of 2n + 1. 

2. Linked List Representation of Binary Tree 

We use a double linked list to represent a binary tree. In a double linked list, every node 

consists of three fields. First field for storing left child address, second for storing actual data 

and third for storing right child address. 

In this linked list representation, a node has the following structure... 

 



 

The above example of the binary tree represented using Linked list representation is shown as 

follows... 

 

Binary Tree Traversals 

When we wanted to display a binary tree, we need to follow some order in which all the 

nodes of that binary tree must be displayed. In any binary tree, displaying order of nodes 

depends on the traversal method. 

There are three types of binary tree traversals. 

In - Order Traversal 

Pre - Order Traversal 

Post - Order Traversal 

Preorder Traversal- 

Algorithm- 

Visit the root 

Traverse the left sub tree i.e. call Preorder (left sub tree) 

Traverse the right sub tree i.e. call Preorder (right sub tree) 

Root → Left → Right 

Example- 

Consider the following example-  



 

3. Inorder Traversal- 

Algorithm- 

Traverse the left sub tree i.e. call In order (left sub tree) 

Visit the root 

Traverse the right sub tree i.e. call In order (right sub tree) 

Left → Root → Right 

Example- 

Consider the following example- 

 

Post order Traversal- 

Algorithm- 

Traverse the left sub tree i.e. call Post order (left sub tree) 

Traverse the right sub tree i.e. call Post order (right sub tree) 

Visit the root 

Left → Right → Root 

Example- 

Consider the following example- 

 

 



 

GRAPHS:A graph is an ordered pair G = (V, E)  comprising a set V  of vertices or nodes and a 

collection of pairs of vertices from V , known as edges of a graph. For example, for the graph 

below. 

V={1,2,3,4,5,6} 

E = { (1, 4), (1, 6), (2, 6), (4, 5), (5, 6) } 

 

Types  of  Graph 

1.Un directed graph 

An undirected graph (graph) is a graph in which edges have no orientation. The edge (x,  

y)  is identical to edge (y, x) , i.e., they are not ordered pairs. The maximum number of edges 

possible in an undirected graph without a loop is n×(n-1)/2 . 

 

2. Directed graph:A Directed graph (digraph) is a graph in which edges have orientations, 

i.e., The edge (x, y)  is not identical to edge (y, x) . 

 

3. Directed Acyclic Graph (DAG):A Directed Acyclic Graph (DAG) is a directed graph that 

contains no cycles. 



 

 
4.Weighted  and Un weighted graph:A weighted graph associates a value (weight) with every 

edge in the graph. We can also use words cost or length instead of weight.An un weighted 

graph does not have any value (weight) associated with every edge in the graph. In other 

words, an un weighted graph is a weighted graph with all edge weight as 1. Unless specified 

otherwise, all graphs are assumed to be un weighted by default. 

 

 

5. Connected graph:A Connected graph has a path between every pair of vertices. In 

other words, there are no unreachable vertices. A disconnected graph is a graph that is 

not connected. 

 



 

6. Complete graph:A complete graph is one in which every two vertices are adjacent: all 

edges that could exist are present. 

 

7. Simple graph:A simple graph is an undirected graph in which both multiple edges and 

loops are disallowed as opposed to a multi graph. In a simple graph with n  vertices, every 

vertex’s degree is at most n-1 . 

 

Graph Representation 

1.Adjacency Matrix Representation:An adjacency matrix is a square matrix used to represent 

a finite graph. The elements of the matrix indicate whether pairs of vertices are adjacent or 

not in the graph. 

Definition:For a simple un weighted graph with vertex set V , the adjacency matrix is a 

square |V| × |V|  matrix A  such that its element: 

A ij  = 1 , when there is an edge from vertex i  to vertex j , and 

A ij  = 0 , when there is no edge. 

 

Each row in the matrix represents source vertices, and each column represents destination 

vertices. The diagonal elements of the matrix are all zero since edges from a vertex to itself, 



 

i.e., loops are not allowed in simple graphs. If the graph is undirected, the adjacency matrix 

will be symmetric. Also, for a weighted graph, A ij can represent edge weights. 

  

An adjacency matrix keeps a value (1/0/edge-weight)  for every pair of vertices, whether the 

edge exists or not, so it requires n 2 space. They can be efficiently used only when the graph 

is dense. 

2. Adjacency List Representation:An adjacency list representation for the graph associates 

each vertex in the graph with the collection of its neighboring vertices or edges, i.e., every 

vertex stores a list of adjacent vertices. There are many variations of adjacency list 

representation depending upon the implementation. This data structure allows the storage of 

additional data on the vertices but is practically very efficient when the graph contains only a 

few edges. i.e. the graph is sparse. 

 

 

GRAPHS TRAVERSAL:Graph traversal is a technique used for searching a vertex in a graph. 

The graph traversal is also used to decide the order of vertices is visited in the search process. A 

graph traversal finds the edges to be used in the search process without creating loops. That 

means using graph traversal we visit all the vertices of the graph without getting into looping 

path. 



 

 

There are two graph traversal techniques and they are as follows... 

1.BFS (Breadth First Search):BFS traversal of a graph produces a spanning tree as final 

result. Spanning Tree is a graph without loops. We use Queue data structure with maximum 

size of total number of vertices in the graph to implement BFS traversal. 

 

We use the following steps to implement BFS traversal... 

Step 1 - Define a Queue of size total number of vertices in the graph. 

Step 2 - Select any vertex as starting point for traversal. Visit that vertex and insert it into 

the Queue. 

Step 3 - Visit all the non-visited adjacent vertices of the vertex which is at front of the 

Queue and insert them into the Queue. 

Step 4 - When there is no new vertex to be visited from the vertex which is at front of the 

Queue then delete that vertex. 

Step 5 - Repeat steps 3 and 4 until queue becomes empty. 

Step 6 - When queue becomes empty, then produce final spanning tree by removing unused 

edges from the graph 

EXAMPLE: 

 



 

 

 

 

2.Breadth First Search (BFS) 



 

Breadth first search is a graph traversal algorithm that starts traversing the graph from root node 

and explores all the neighbouring nodes. Then, it selects the nearest node and explore all the 

unexplored nodes. The algorithm follows the same process for each of the nearest node until it 

finds the goal. 

The algorithm of breadth first search is given below. The algorithm starts with examining the 

node A and all of its neighbours. In the next step, the neighbours of the nearest node of A are 

explored and process continues in the further steps. The algorithm explores all neighbours of 

all the nodes and ensures that each node is visited exactly once and no node is visited twice. 

Algorithm 

Step1: SETSTATUS=1(ready state) 

for each node in G 

Step2: En queue the starting node A 

and set its STATUS = 2 

(waiting state) 

Step 3: Repeat 4 and 5 until 

QUEUE is empty 

Step 4: De queue a node N. Process it 

and set its STATUS = 3 

(processed state). 

Step 5: En queue all the neighbours of 

N that are in the ready state 

(whose STATUS = 1) and set 

their STATUS = 2 

(waiting 

[END OF LOOP] 

Step 6: EXIT 

 



 

Example 

Consider the graph G shown in the following image, calculate the minimum path p from node A to 

 node E. Given that each edge has a length of 1. 

 

 

Solution: 

Minimum Path P can be found by applying breadth first search algorithm that will begin at node A and 

 will end at E. 

 the algorithm uses two queues, namely QUEUE1 and QUEUE2. QUEUE1 holds all the nodes 

 that are to be processed while QUEUE2 holds all the nodes that are processed  

and deleted from QUEUE1. 

Lets start examining the graph from Node A. 

Add A to QUEUE1 and NULL to QUEUE2. 

QUEUE1 = {A}   

QUEUE2 = {NULL}   

Delete the Node A from QUEUE1 and insert all its neighbours. Insert Node A into QUEUE2 

QUEUE1 = {B, D}   

QUEUE2 = {A}   



 

Delete the node B from QUEUE1 and insert all its neighbours. Insert node B into QUEUE2. 

QUEUE1 = {D, C, F}    

QUEUE2 = {A, B}   

Delete the node D from QUEUE1 and insert all its neighbours. Since F is the only neighbour of it 

 which has been inserted, we will not insert it again. Insert node D into QUEUE2. 

QUEUE1 = {C, F}   

QUEUE2 = { A, B, D}   

Delete the node C from QUEUE1 and insert all its neighbours. Add node C to QUEUE2. 

QUEUE1 = {F, E, G}   

QUEUE2 = {A, B, D, C}   

Remove F from QUEUE1 and add all its neighbours. Since all of its neighbours has already been added, 

 we will not add them again. Add node F to QUEUE2. 

QUEUE1 = {E, G}   

QUEUE2 = {A, B, D, C, F}   

Remove E from QUEUE1, all of E's neighbours has already been added to 

 QUEUE1 therefore 

 we will not add them again. 

 All the nodes are visited and the target node i.e. E is encountered into QUEUE2. 

QUEUE1 = {G}   

QUEUE2 = {A, B, D, C, F,  E}   

Now, backtrack from E to A, using the nodes available in QUEUE2. 

The minimum path will be A → B → C → E. 

 

 



 

Unit-3 

CO3:   Learn to create Single and Doubly Linked Lists. Learn to solve the Travelling Salesman 

Problem. 

Linked lists :- 

o Linked list is a linear data structure which consist of group of nodes. Each node 

has its own data and the address of the next node. 

o Linked list is a very commonly used linear data structure which consist of group 

of nodes in a sequence. 

o Each node hold its own data and the address of the next node hence forming a 

chain like a structure. 

o Linked lists are used to create tress and graphs. 

 

 

 

 

 

Advantages of Linked List :- 

1. The linked list is a dynamic data structure. 

2. You can also decrease and increase the linked list at run-time. That is, you can allocate and 

deallocate memory at run-time itself. 

3. In this, you can easily do insertion and deletion functions. That is, you can easily insert and 

delete the node. 

4. Memory is well utilized in the linked list. Because in it, we do not have to allocate memory in 

advance. 

5. Its access time is very fast, and it can be accessed at a certain time without memory overhead. 

6. You can easily implement linear data structures using the linked list like a stack, queue. 

 

 

Disadvantages of Linked List :- 

1. The linked list requires more memory to store the elements than an array, because each node of 

the linked list points a pointer, due to which it requires more memory. 



 

2. It is very difficult to traverse the nodes in a linked list. In this, we cannot access randomly to any 

one node. (As we do in the array by index.) For example: – If we want to traverse a node in an n 

position, then we have to traverse all the nodes that come before n, which will spoil a lot of our 

time. 

3. Reverse traversing in a linked list is very difficult, because it requires more memory for the 

pointer. 

 

Application of Linked List :- 

 

The linked list is a primitive data structure, which is used in various types of applications. 

1. It is used to maintain directory names. 

2. The linked list can perform arithmetic operations in the long integer. 

3. Polynomials can be manipulated by storing constant in the node of the linked list. 

4. We can also use it to next and previous images in the image viewer. 

5. With the help of the linked list, we can move songs back and forth in the music player. 

6. The linked list is also used for undo in word and Photoshop applications. 

7. All the running applications in the computer are stored in the circular linked list, and the 

operating system provides them with a fixed time slot. 

8. It can also be used to implement hash tables. 

 

Types of Linked List :- 

      Following are the various types of linked list. 

• Simple Linked List − Item navigation is forward only. 

• Doubly Linked List − Items can be navigated forward and backward. 

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

element has a link to the last element as previous. 

 

Single linked lists :- 

Single linked list is a sequence of elements in which every element has link to its next 

element in the sequence. 



 

In any single linked list, the individual element is called as "Node". Every "Node" contains two 

fields, data field, and the next field. The data field is used to store actual value of the node and 

next field is used to store the address of next node in the sequence. 

 

The graphical representation of a node in a single linked list is as follows... 

 

 

 

 

 

Operations on Single Linked List :- 

 

The following operations are performed on a Single Linked List 

• Insertion 

• Deletion 

• Display 

Before we implement actual operations, first we need to set up an empty list. First, perform the 

following steps before implementing actual operations. 

• Step 1 - Include all the header files which are used in the program. 

• Step 2 - Declare all the user defined functions. 

• Step 3 - Define a Node structure with two members data and next 

• Step 4 - Define a Node pointer 'head' and set it to NULL. 

• Step 5 - Implement the main method by displaying operations menu and make suitable 

function calls in the main method to perform user selected operation. 



 

Insertion 

In a single linked list, the insertion operation can be performed in three ways. They are as 

follows... 

1. Inserting At Beginning of the list 

2. Inserting At End of the list 

3. Inserting At Specific location in the list 

Inserting At Beginning of the list 

We can use the following steps to insert a new node at beginning of the single linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, set newNode→next = NULL and head = newNode. 

• Step 4 - If it is Not Empty then, set newNode→next = head and head = newNode. 

Inserting At End of the list 

We can use the following steps to insert a new node at end of the single linked list... 

• Step 1 - Create a newNode with given value and newNode → next as NULL. 

• Step 2 - Check whether list is Empty (head == NULL). 

• Step 3 - If it is Empty then, set head = newNode. 

• Step 4 - If it is Not Empty then, define a node pointer temp and initialize with head. 

• Step 5 - Keep moving the temp to its next node until it reaches to the last node in the list 

(until temp → next is equal to NULL). 

• Step 6 - Set temp → next = newNode. 

Inserting At Specific location in the list (After a Node) 

We can use the following steps to insert a new node after a node in the single linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, set newNode → next = NULL and head = newNode. 

• Step 4 - If it is Not Empty then, define a node pointer temp and initialize with head. 

• Step 5 - Keep moving the temp to its next node until it reaches to the node after which 

we want to insert the newNode (until temp1 → data is equal to location, here location is 

the node value after which we want to insert the newNode). 

• Step 6 - Every time check whether temp is reached to last node or not. If it is reached to 

last node then display 'Given node is not found in the list!!! Insertion not 

possible!!!' and terminate the function. Otherwise move the temp to next node. 

• Step 7 - Finally, Set 'newNode → next = temp → next' and 'temp → next = newNode' 



 

Deletion 

In a single linked list, the deletion operation can be performed in three ways. They are as 

follows... 

1. Deleting from Beginning of the list 

2. Deleting from End of the list 

3. Deleting a Specific Node 

Deleting from Beginning of the list 

We can use the following steps to delete a node from beginning of the single linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is Not Empty then, define a Node pointer 'temp' and initialize with head. 

• Step 4 - Check whether list is having only one node (temp → next == NULL) 

• Step 5 - If it is TRUE then set head = NULL and delete temp (Setting Empty list 

conditions) 

• Step 6 - If it is FALSE then set head = temp → next, and delete temp. 

Deleting from End of the list 

We can use the following steps to delete a node from end of the single linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is Not Empty then, define two Node pointers 'temp1' and 'temp2' and 

initialize 'temp1' with head. 

• Step 4 - Check whether list has only one Node (temp1 → next == NULL) 

• Step 5 - If it is TRUE. Then, set head = NULL and delete temp1. And terminate the 

function. (Setting Empty list condition) 

• Step 6 - If it is FALSE. Then, set 'temp2 = temp1 ' and move temp1 to its next node. 

Repeat the same until it reaches to the last node in the list. (until temp1 → 

next == NULL) 

• Step 7 - Finally, Set temp2 → next = NULL and delete temp1. 

Deleting a Specific Node from the list 

We can use the following steps to delete a specific node from the single linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 



 

• Step 3 - If it is Not Empty then, define two Node pointers 'temp1' and 'temp2' and 

initialize 'temp1' with head. 

• Step 4 - Keep moving the temp1 until it reaches to the exact node to be deleted or to the 

last node. And every time set 'temp2 = temp1' before moving the 'temp1' to its next 

node. 

• Step 5 - If it is reached to the last node then display 'Given node not found in the list! 

Deletion not possible!!!'. And terminate the function. 

• Step 6 - If it is reached to the exact node which we want to delete, then check whether list 

is having only one node or not 

• Step 7 - If list has only one node and that is the node to be deleted, then 

set head = NULL and delete temp1 (free(temp1)). 

• Step 8 - If list contains multiple nodes, then check whether temp1 is the first node in the 

list (temp1 == head). 

• Step 9 - If temp1 is the first node then move the head to the next node (head = head → 

next) and delete temp1. 

• Step 10 - If temp1 is not first node then check whether it is last node in the list (temp1 

→ next == NULL). 

• Step 11 - If temp1 is last node then set temp2 → next = NULL and 

delete temp1 (free(temp1)). 

• Step 12 - If temp1 is not first node and not last node then set temp2 → next = temp1 → 

next and delete temp1 (free(temp1)). 

Displaying a Single Linked List 

We can use the following steps to display the elements of a single linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!!' and terminate the function. 

• Step 3 - If it is Not Empty then, define a Node pointer 'temp' and initialize with head. 

• Step 4 - Keep displaying temp → data with an arrow (--->) until temp reaches to the last 

node 

• Step 5 - Finally display temp → data with arrow pointing to NULL (temp → data ---> 

NULL). 

 

DOUBLE LINKED LISTS :- 

 

• In a double linked list, each node contains a data part and two address.one for the 

previous node  and one for the next node. 

• A double linked list is a two- way list because one can move in either direction. That is 

either from left to write or from right to left. 

• It maintains two links or pointers.hence it is called as doubly link list 

 

 



 

 DOUBLE LINKED LIST 

 

Operations on Double Linked List 

In a double linked list, we perform the following operations... 

1. Insertion 

2. Deletion 

3. Display 

Insertion 

In a double linked list, the insertion operation can be performed in three ways as follows... 

1. Inserting At Beginning of the list 

2. Inserting At End of the list 

3. Inserting At Specific location in the list 

Inserting At Beginning of the list 

We can use the following steps to insert a new node at beginning of the double linked list... 

• Step 1 - Create a newNode with given value and newNode → previous as NULL. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, assign NULL to newNode → next and newNode to head. 

• Step 4 - If it is not Empty then, assign head to newNode → next and newNode to head. 

Inserting At End of the list 

We can use the following steps to insert a new node at end of the double linked list... 

• Step 1 - Create a newNode with given value and newNode → next as NULL. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty, then assign NULL to newNode → 

previous and newNode to head. 

• Step 4 - If it is not Empty, then, define a node pointer temp and initialize with head. 

• Step 5 - Keep moving the temp to its next node until it reaches to the last node in the list 

(until temp → next is equal to NULL). 

• Step 6 - Assign newNode to temp → next and temp to newNode → previous. 



 

Inserting At Specific location in the list (After a Node) 

We can use the following steps to insert a new node after a node in the double linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, assign NULL to both newNode → previous & newNode → 

next and set newNode to head. 

• Step 4 - If it is not Empty then, define two node pointers temp1 & temp2 and 

initialize temp1 with head. 

• Step 5 - Keep moving the temp1 to its next node until it reaches to the node after which 

we want to insert the newNode (until temp1 → data is equal to location, here location is 

the node value after which we want to insert the newNode). 

• Step 6 - Every time check whether temp1 is reached to the last node. If it is reached to 

the last node then display 'Given node is not found in the list!!! Insertion not 

possible!!!' and terminate the function. Otherwise move the temp1 to next node. 

• Step 7 - Assign temp1 → next to temp2, newNode to temp1 → 

next, temp1 to newNode → previous, temp2 to newNode → 

next and newNode to temp2 → previous. 

Deletion 

In a double linked list, the deletion operation can be performed in three ways as follows... 

1. Deleting from Beginning of the list 

2. Deleting from End of the list 

3. Deleting a Specific Node 

Deleting from Beginning of the list 

We can use the following steps to delete a node from beginning of the double linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is not Empty then, define a Node pointer 'temp' and initialize with head. 

• Step 4 - Check whether list is having only one node (temp → previous is equal to temp 

→ next) 

• Step 5 - If it is TRUE, then set head to NULL and delete temp (Setting Empty list 

conditions) 

• Step 6 - If it is FALSE, then assign temp → next to head, NULL to head → 

previous and delete temp. 

Deleting from End of the list 

We can use the following steps to delete a node from end of the double linked list... 



 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty, then display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is not Empty then, define a Node pointer 'temp' and initialize with head. 

• Step 4 - Check whether list has only one Node (temp → previous and temp → 

next both are NULL) 

• Step 5 - If it is TRUE, then assign NULL to head and delete temp. And terminate from 

the function. (Setting Empty list condition) 

• Step 6 - If it is FALSE, then keep moving temp until it reaches to the last node in the 

list. (until temp → next is equal to NULL) 

• Step 7 - Assign NULL to temp → previous → next and delete temp. 

Deleting a Specific Node from the list 

We can use the following steps to delete a specific node from the double linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is not Empty, then define a Node pointer 'temp' and initialize with head. 

• Step 4 - Keep moving the temp until it reaches to the exact node to be deleted or to the 

last node. 

• Step 5 - If it is reached to the last node, then display 'Given node not found in the list! 

Deletion not possible!!!' and terminate the fuction. 

• Step 6 - If it is reached to the exact node which we want to delete, then check whether list 

is having only one node or not 

• Step 7 - If list has only one node and that is the node which is to be deleted then 

set head to NULL and delete temp (free(temp)). 

• Step 8 - If list contains multiple nodes, then check whether temp is the first node in the 

list (temp == head). 

• Step 9 - If temp is the first node, then move the head to the next node (head = head → 

next), set head of previous to NULL (head → previous = NULL) and delete temp. 

• Step 10 - If temp is not the first node, then check whether it is the last node in the list 

(temp → next == NULL). 

• Step 11 - If temp is the last node then set temp of previous of next to NULL (temp → 

previous → next = NULL) and delete temp (free(temp)). 

• Step 12 - If temp is not the first node and not the last node, then 

set temp of previous of next to temp of next (temp → previous → next = temp → 

next), temp of next of previous to temp of previous (temp → next → previous = temp 

→ previous) and delete temp (free(temp)). 

Displaying a Double Linked List 

We can use the following steps to display the elements of a double linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty, then display 'List is Empty!!!' and terminate the function. 



 

• Step 3 - If it is not Empty, then define a Node pointer 'temp' and initialize with head. 

• Step 4 - Display 'NULL <--- '. 

• Step 5 - Keep displaying temp → data with an arrow (<===>) until temp reaches to the 

last node 

• Step 6 - Finally, display temp → data with arrow pointing to NULL (temp → data ---> 

NULL). 

Circular Linked List :- 

A circular linked list is a sequence of elements in which every element has a link to its next 

element in the sequence and the last element has a link to the first element. 

 

Operations 

In a circular linked list, we perform the following operations... 

1. Insertion 

2. Deletion 

3. Display 

Before we implement actual operations, first we need to setup empty list. First perform the 

following steps before implementing actual operations. 

• Step 1 - Include all the header files which are used in the program. 

• Step 2 - Declare all the user defined functions. 

• Step 3 - Define a Node structure with two members data and next 

• Step 4 - Define a Node pointer 'head' and set it to NULL. 

• Step 5 - Implement the main method by displaying operations menu and make suitable 

function calls in the main method to perform user selected operation. 

Insertion 

In a circular linked list, the insertion operation can be performed in three ways. They are as 

follows... 

1. Inserting At Beginning of the list 

2. Inserting At End of the list 

3. Inserting At Specific location in the list 



 

Inserting At Beginning of the list 

We can use the following steps to insert a new node at beginning of the circular linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, set head = newNode and newNode→next = head . 

• Step 4 - If it is Not Empty then, define a Node pointer 'temp' and initialize with 'head'. 

• Step 5 - Keep moving the 'temp' to its next node until it reaches to the last node (until 

'temp → next == head'). 

• Step 6 - Set 'newNode → next =head', 'head = newNode' and 'temp → next = head'. 

Inserting At End of the list 

We can use the following steps to insert a new node at end of the circular linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL). 

• Step 3 - If it is Empty then, set head = newNode and newNode → next = head. 

• Step 4 - If it is Not Empty then, define a node pointer temp and initialize with head. 

• Step 5 - Keep moving the temp to its next node until it reaches to the last node in the list 

(until temp → next == head). 

• Step 6 - Set temp → next = newNode and newNode → next = head. 

Inserting At Specific location in the list (After a Node) 

We can use the following steps to insert a new node after a node in the circular linked list... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether list is Empty (head == NULL) 

• Step 3 - If it is Empty then, set head = newNode and newNode → next = head. 

• Step 4 - If it is Not Empty then, define a node pointer temp and initialize with head. 

• Step 5 - Keep moving the temp to its next node until it reaches to the node after which 

we want to insert the newNode (until temp1 → data is equal to location, here location is 

the node value after which we want to insert the newNode). 

• Step 6 - Every time check whether temp is reached to the last node or not. If it is reached 

to last node then display 'Given node is not found in the list!!! Insertion not 

possible!!!' and terminate the function. Otherwise move the temp to next node. 

• Step 7 - If temp is reached to the exact node after which we want to insert the newNode 

then check whether it is last node (temp → next == head). 

• Step 8 - If temp is last node then set temp → next = newNode and newNode → 

next = head. 

• Step 8 - If temp is not last node then set newNode → next = temp → next and temp → 

next = newNode. 



 

Deletion 

In a circular linked list, the deletion operation can be performed in three ways those are as 

follows... 

1. Deleting from Beginning of the list 

2. Deleting from End of the list 

3. Deleting a Specific Node 

Deleting from Beginning of the list 

We can use the following steps to delete a node from beginning of the circular linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is Not Empty then, define two Node pointers 'temp1' and 'temp2' and 

initialize both 'temp1' and 'temp2' with head. 

• Step 4 - Check whether list is having only one node (temp1 → next == head) 

• Step 5 - If it is TRUE then set head = NULL and delete temp1 (Setting Empty list 

conditions) 

• Step 6 - If it is FALSE move the temp1 until it reaches to the last node. (until temp1 → 

next == head ) 

• Step 7 - Then set head = temp2 → next, temp1 → next = head and delete temp2. 

Deleting from End of the list 

We can use the following steps to delete a node from end of the circular linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is Not Empty then, define two Node pointers 'temp1' and 'temp2' and 

initialize 'temp1' with head. 

• Step 4 - Check whether list has only one Node (temp1 → next == head) 

• Step 5 - If it is TRUE. Then, set head = NULL and delete temp1. And terminate from 

the function. (Setting Empty list condition) 

• Step 6 - If it is FALSE. Then, set 'temp2 = temp1 ' and move temp1 to its next node. 

Repeat the same until temp1 reaches to the last node in the list. (until temp1 → 

next == head) 

• Step 7 - Set temp2 → next = head and delete temp1. 

Deleting a Specific Node from the list 

We can use the following steps to delete a specific node from the circular linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 



 

• Step 2 - If it is Empty then, display 'List is Empty!!! Deletion is not possible' and 

terminate the function. 

• Step 3 - If it is Not Empty then, define two Node pointers 'temp1' and 'temp2' and 

initialize 'temp1' with head. 

• Step 4 - Keep moving the temp1 until it reaches to the exact node to be deleted or to the 

last node. And every time set 'temp2 = temp1' before moving the 'temp1' to its next 

node. 

• Step 5 - If it is reached to the last node then display 'Given node not found in the list! 

Deletion not possible!!!'. And terminate the function. 

• Step 6 - If it is reached to the exact node which we want to delete, then check whether list 

is having only one node (temp1 → next == head) 

• Step 7 - If list has only one node and that is the node to be deleted then 

set head = NULL and delete temp1 (free(temp1)). 

• Step 8 - If list contains multiple nodes then check whether temp1 is the first node in the 

list (temp1 == head). 

• Step 9 - If temp1 is the first node then set temp2 = head and keep moving temp2 to its 

next node until temp2 reaches to the last node. Then set head = head → next, temp2 → 

next = head and delete temp1. 

• Step 10 - If temp1 is not first node then check whether it is last node in the list (temp1 

→ next == head). 

• Step 1 1- If temp1 is last node then set temp2 → next = head and 

delete temp1 (free(temp1)). 

• Step 12 - If temp1 is not first node and not last node then set temp2 → next = temp1 → 

next and delete temp1 (free(temp1)). 

Displaying a circular Linked List 

We can use the following steps to display the elements of a circular linked list... 

• Step 1 - Check whether list is Empty (head == NULL) 

• Step 2 - If it is Empty, then display 'List is Empty!!!' and terminate the function. 

• Step 3 - If it is Not Empty then, define a Node pointer 'temp' and initialize with head. 

• Step 4 - Keep displaying temp → data with an arrow (--->) until temp reaches to the last 

node 

• Step 5 - Finally display temp → data with arrow pointing to head → data. 

REPRESENTATION STACK WITH LINKED LIST :- 

The major problem with the stack implemented using an array is, it works only for a fixed 

number of data values. That means the amount of data must be specified at the beginning of the 

implementation itself. Stack implemented using an array is not suitable, when we don't know the 

size of data which we are going to use. A stack data structure can be implemented by using a 

linked list data structure. The stack implemented using linked list can work for an unlimited 

number of values. That means, stack implemented using linked list works for the variable size of 

data. So, there is no need to fix the size at the beginning of the implementation. The Stack 

implemented using linked list can organize as many data values as we want. 



 

 

In linked list implementation of a stack, every new element is inserted as 'top' element. That 

means every newly inserted element is pointed by 'top'. Whenever we want to remove an 

element from the stack, simply remove the node which is pointed by 'top' by moving 'top' to its 

previous node in the list. The next field of the first element must be always NULL. 

Example :- 

 

In the above example, the last inserted node is 99 and the first inserted node is 25. The order of 

elements inserted is 25, 32,50 and 99. 

Stack Operations using Linked List 

To implement a stack using a linked list, we need to set the following things before 

implementing actual operations. 

• Step 1 - Include all the header files which are used in the program. And declare all 

the user defined functions. 

• Step 2 - Define a 'Node' structure with two members data and next. 

• Step 3 - Define a Node pointer 'top' and set it to NULL. 

• Step 4 - Implement the main method by displaying Menu with list of operations and 

make suitable function calls in the main method. 

push(value) - Inserting an element into the Stack 

We can use the following steps to insert a new node into the stack... 

• Step 1 - Create a newNode with given value. 

• Step 2 - Check whether stack is Empty (top == NULL) 

• Step 3 - If it is Empty, then set newNode → next = NULL. 

• Step 4 - If it is Not Empty, then set newNode → next = top. 

• Step 5 - Finally, set top = newNode. 



 

pop() - Deleting an Element from a Stack 

We can use the following steps to delete a node from the stack... 

• Step 1 - Check whether stack is Empty (top == NULL). 

• Step 2 - If it is Empty, then display "Stack is Empty!!! Deletion is not possible!!!" and 

terminate the function 

• Step 3 - If it is Not Empty, then define a Node pointer 'temp' and set it to 'top'. 

• Step 4 - Then set 'top = top → next'. 

• Step 5 - Finally, delete 'temp'. (free(temp)). 

display() - Displaying stack of elements 

We can use the following steps to display the elements (nodes) of a stack... 

• Step 1 - Check whether stack is Empty (top == NULL). 

• Step 2 - If it is Empty, then display 'Stack is Empty!!!' and terminate the function. 

• Step 3 - If it is Not Empty, then define a Node pointer 'temp' and initialize with top. 

• Step 4 - Display 'temp → data --->' and move it to the next node. Repeat the same 

until temp reaches to the first node in the stack. (temp → next != NULL). 

• Step 5 - Finally! Display 'temp → data ---> NULL'. 

 

REPRESENTATION QUEUE WITH LINKED LIST :- 

The major problem with the queue implemented using an array is, It will work for an only fixed 

number of data values. That means, the amount of data must be specified at the beginning itself. 

Queue using an array is not suitable when we don't know the size of data which we are going to 

use. A queue data structure can be implemented using a linked list data structure. The queue 

which is implemented using a linked list can work for an unlimited number of values. That 

means, queue using linked list can work for the variable size of data (No need to fix the size at 

the beginning of the implementation). The Queue implemented using linked list can organize as 

many data values as we want. 

 

In linked list implementation of a queue, the last inserted node is always pointed by 'rear' and 

the first node is always pointed by 'front'. 

Example :- 

 

In above example, the last inserted node is 50 and it is pointed by 'rear' and the first inserted 

node is 10 and it is pointed by 'front'. The order of elements inserted is 10, 15, 22 and 50. 

 



 

Operations 

To implement queue using linked list, we need to set the following things before implementing 

actual operations. 

• Step 1 - Include all the header files which are used in the program. And declare all 

the user defined functions. 

• Step 2 - Define a 'Node' structure with two members data and next. 

• Step 3 - Define two Node pointers 'front' and 'rear' and set both to NULL. 

• Step 4 - Implement the main method by displaying Menu of list of operations and make 

suitable function calls in the main method to perform user selected operation. 

enQueue(value) - Inserting an element into the Queue 

We can use the following steps to insert a new node into the queue... 

• Step 1 - Create a newNode with given value and set 'newNode → next' to NULL. 

• Step 2 - Check whether queue is Empty (rear == NULL) 

• Step 3 - If it is Empty then, set front = newNode and rear = newNode. 

• Step 4 - If it is Not Empty then, set rear → next = newNode and rear = newNode. 

deQueue() - Deleting an Element from Queue 

We can use the following steps to delete a node from the queue... 

• Step 1 - Check whether queue is Empty (front == NULL). 

• Step 2 - If it is Empty, then display "Queue is Empty!!! Deletion is not 

possible!!!" and terminate from the function 

• Step 3 - If it is Not Empty then, define a Node pointer 'temp' and set it to 'front'. 

• Step 4 - Then set 'front = front → next' and delete 'temp' (free(temp)). 

display() - Displaying the elements of Queue 

We can use the following steps to display the elements (nodes) of a queue... 

• Step 1 - Check whether queue is Empty (front == NULL). 

• Step 2 - If it is Empty then, display 'Queue is Empty!!!' and terminate the function. 

• Step 3 - If it is Not Empty then, define a Node pointer 'temp' and initialize with front. 

• Step 4 - Display 'temp → data --->' and move it to the next node. Repeat the same until 

'temp' reaches to 'rear' (temp → next != NULL). 

• Step 5 - Finally! Display 'temp → data ---> NULL'. 

 



 

Dynamic Programming :- 

Dynamic programming is a technique that breaks the problems into sub-problems, and saves the 

result for future purposes so that we do not need to compute the result again. The subproblems 

are optimized to optimize the overall solution is known as optimal substructure property. The 

main use of dynamic programming is to solve optimization problems. Here, optimization 

problems mean that when we are trying to find out the minimum or the maximum solution of a 

problem. The dynamic programming guarantees to find the optimal solution of a problem if the 

solution exists. 

The definition of dynamic programming says that it is a technique for solving a complex 

problem by first breaking into a collection of simpler subproblems, solving each subproblem just 

once, and then storing their solutions to avoid repetitive computations. 

Let's understand this approach through an example. 

Consider an example of the Fibonacci series. The following series is the Fibonacci series: 

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ,… 

The numbers in the above series are not randomly calculated. Mathematically, we could write 

each of the terms using the below formula: 

F(n) = F(n-1) + F(n-2), 

With the base values F(0) = 0, and F(1) = 1. To calculate the other numbers, we follow the above 

relationship. For example, F(2) is the sum f(0) and f(1), which is equal to 1. 

How can we calculate F(20)? 

The F(20) term will be calculated using the nth formula of the Fibonacci series. The below figure 

shows that how F(20) is calculated. 

 



 

As we can observe in the above figure that F(20) is calculated as the sum of F(19) and F(18). In 

the dynamic programming approach, we try to divide the problem into the similar subproblems. 

We are following this approach in the above case where F(20) into the similar subproblems, i.e., 

F(19) and F(18). If we recap the definition of dynamic programming that it says the similar 

subproblem should not be computed more than once. Still, in the above case, the subproblem is 

calculated twice. In the above example, F(18) is calculated two times; similarly, F(17) is also 

calculated twice. However, this technique is quite useful as it solves the similar subproblems, but 

we need to be cautious while storing the results because we are not particular about storing the 

result that we have computed once, then it can lead to a wastage of resources. 

In the above example, if we calculate the F(18) in the right subtree, then it leads to the 

tremendous usage of resources and decreases the overall performance. 

The solution to the above problem is to save the computed results in an array. First, we calculate 

F(16) and F(17) and save their values in an array. The F(18) is calculated by summing the values 

of F(17) and F(16), which are already saved in an array. The computed value of F(18) is saved in 

an array. The value of F(19) is calculated using the sum of F(18), and F(17), and their values are 

already saved in an array. The computed value of F(19) is stored in an array. The value of F(20) 

can be calculated by adding the values of F(19) and F(18), and the values of both F(19) and 

F(18) are stored in an array. The final computed value of F(20) is stored in an array. 

Multistage graph:- 

A multistage graph G=(V, E) is a directed and weighted graph in which vertices are divided into 

stages (the first stage and last stage of which will have a single vertex to represent the starting 

vertex or ending vertex). In between the starting and ending vertex, there will vertices in 

different stages that connect the starting and ending vertex. The main aim of this graph is to find 

the minimum cost path between starting and ending vertex. 

Consider the following example graph to further understand the multistage graph: 

In the above graph, cost of an edge is represented as c(i, j). We need to find the minimum cost 

path from vertex 1 to vertex 12. Using the below formula we can find the shortest cost path from 

source to destination: cost(i,j)=min{c(j,l)+cost(i+1,l)}cost(i,j)=minc(j,l)+cost(i+1,l) 

Step 1 

Step 1 uses the forwarded approach (cost(5,12) = 0 ). 

Here, 5 represents the stage number and 12 represents a node in that stage. Since there are no 

outgoing edges from vertex 12, the cost is 0. 

Step 2 

cost(4,9)=c(9,12)=6 

cost(4,10)=c(10,12)=4 cost(4,11)=c(11,12)= 2 



 

Step 3 

cost(3,5)=min{c(5,9)+cost(4,9),c(5,10)+cost(4,10)} 

min{5+6,2+4} 

min{11,6}=6 

cost(3,5)=6 

cost(3,6)=min{c(6,10)+cost(4,10),c(6,11)+cost(4,11)} 

min{4+4,8+2} 

min{8,10}=8 

cost(3,6)=8 

cost(3,7)=min{c(7,9)+cost(4,9),c(7,10)+cost(4,10),c(7,11)+cost(4,11)} min{7+6,5+4,3+2} 

min{13,9,5}=5 

cost(3,7)=5 

cost(3,8)=c(8,11)+cost(4,11)=7+2=9 cost(3,8)=9 

Step 4 

cost(2,2)=min{c(2,5)+cost(3,5),c(2,6)+cost(3,6),c(2,7)+cost(3,7)} min{3+6,5+8,6+5} 

min{9,13,11}=9 

cost(2,2)=9 

cost(2,3)=min{c(3,6)+cost(3,6),c(3,7)+cost(3,7),c(3,8)+cost(3,8)} min{4+8,5+5,7+9} 

min{12,10,16}=10 

cost(2,3)=10 

cost(2,4)=min{c(4,7)+cost(3,7),c(4,8)+cost(3,8)} 

min{2+5,7+9} 

min{7,16}=7 

cost(2,4)=7 

Step-5 

cost(1,1)=min{c(1,2)+cost(2,2),c(1,3)+cost(2,3),c(1,4)+cost(2,4)} min{9+9,7+10,5+7} 

min {18,17,12}=12 

cost(1,1)=12 

From the above calculations we get: 

v 1 2 3 4 5 6 7 8 9 10 11 12 

cost 12 9 10 7 6 8 5 9 6 4 2 0 



 

d 4 5 7 7 10 10 11 11 12 12 12 12 

 

Here, d represents which vertex has given minimum cost to above vertex 

Therefore: 

 d[1]=4                            

 d[4]=7                      

 d[7]=11                    

 d[11]=12 

shortest path 1--4--7--11--12 i.e 12 

All pairs shortest path :- 

It aims to find out the shortest path from each vertex v to every other u. the all pair shortest path 

algorithm is also known as Floyd-warshall algorithm it is used to find the all pair shortest path 

from a weighted graph. As a result of this algorithm it generates a matrix which represent the 

minimum distance from any node to all other node in the graph. the first output  matrix is given 

cost matrix of the graph. Then the resultant matrix will be updated with all vertices(k) as the 

intermediate vertex. 

Example :- 

  

Steps:- 

i. Let Aki,jAi,jk be the length of shortest path from node i to node j such that the label for every 

intermediate node will be ≤ k. 

ii. Now, divide the path from i node to j node for every intermediate node, say ‘k’ then there 

arises two case. 

a. Path going from i to j via k. b. Path which is not going via k. 

iii. Select only shortest path from two cases. 



 

iv. Using recursive method we compute shortest path. 

v. Initially: A0=W[i,j]A0=W[i,j] 

vi. Next computations: Aki,j=minAk−1i,j,Ak−1i,k,Ak−1k,jAi,jk=minAi,jk−1,Ai,kk−1,Ak,jk−1 

 
 

Solution:- 

 

 

 

Thus the shortest distances between all pair are obtained. 

 

Travelling salesman problem :- 

Travelling  salesman problem consists a set of cities and distance  between every pair of 

cities,the problem is to find the shortest path possible route that visits every city exactly once and 

returns to the starting point. 

The salesman wants to minimize the total length of the trip. 

Dynamic programming :- 

Let the given set of vertices be {1,2,3,4,……n}.  let us consider 1 as starting point and ending 

point of output. For every other vertex 1 (other than 1),we find the minimum cost path with 1 as 

the starting point, i as the ending point & all vertices appearing exactly once. Let the cost of this 



 

path be cost(i), the cost of the corresponding cycle would be cost(i)+dist(i,1) where dist(i,1)  is 

the distance from  i to 1. Finally we return the minimum of all [cost(i)+dist(i,1)] values. 

Algorithm: Traveling-Salesman-Problem  

C ({1}, 1) = 0  

for s = 2 to n do  

   for all subsets S Є {1, 2, 3, … , n} of size s and containing 1  

      C (S, 1) = ∞  

   for all j Є S and j ≠ 1  

      C (S, j) = min {C (S – {j}, i) + d(i, j) for i Є S and i ≠ j}  

Return minj C ({1, 2, 3, …, n}, j) + d(j, i)  

 

Example: :- 

In the following example, we will illustrate the steps to solve the travelling salesman problem. 

 

From the above graph, the following table is prepared. 

 
1 2 3 4 

1 0 10 15 20 

2 5 0 9 10 

3 6 13 0 12 

4 8 8 9 0 

 

S = Φ 



 

Cost(2,Φ,1)=d(2,1)=5Cost(2,Φ,1)=d(2,1)=5Cost(2,Φ,1)=d(2,1)=5Cost(2,Φ,1)=d(2,1)=5 

Cost(3,Φ,1)=d(3,1)=6Cost(3,Φ,1)=d(3,1)=6Cost(3,Φ,1)=d(3,1)=6Cost(3,Φ,1)=d(3,1)=6 

Cost(4,Φ,1)=d(4,1)=8Cost(4,Φ,1)=d(4,1)=8Cost(4,Φ,1)=d(4,1)=8Cost(4,Φ,1)=d(4,1)=8 

S = 1 

Cost(i,s)=min{Cost(j,s–(j))+d[i,j]}Cost(i,s)=min{Cost(j,s)−(j))+d[i,j]}Cost(i,s)=min{Cost(j,s–

(j))+d[i,j]}Cost(i,s)=min{Cost(j,s)−(j))+d[i,j]} 

Cost(2,{3},1)=d[2,3]+Cost(3,Φ,1)=9+6=15cost(2,{3},1)=d[2,3]+cost(3,Φ,1)=9+6=15Cost(2,{3}

,1)=d[2,3]+Cost(3,Φ,1)=9+6=15cost(2,{3},1)=d[2,3]+cost(3,Φ,1)=9+6=15 

Cost(2,{4},1)=d[2,4]+Cost(4,Φ,1)=10+8=18cost(2,{4},1)=d[2,4]+cost(4,Φ,1)=10+8=18 

Cost(3,{2},1)=d[3,2]+Cost(2,Φ,1)=13+5=18cost(3,{2},1)=d[3,2]+cost(2,Φ,1)=13+5=18Cost(3,{

2},1)=d[3,2]+Cost(2,Φ,1)=13+5=18cost(3,{2},1)=d[3,2]+cost(2,Φ,1)=13+5=18 

Cost(3,{4},1)=d[3,4]+Cost(4,Φ,1)=12+8=20cost(3,{4},1)=d[3,4]+cost(4,Φ,1)=12+8=20Cost(3,{

4},1)=d[3,4]+Cost(4,Φ,1)=12+8=20cost(3,{4},1)=d[3,4]+cost(4,Φ,1)=12+8=20 

Cost(4,{3},1)=d[4,3]+Cost(3,Φ,1)=9+6=15cost(4,{3},1)=d[4,3]+cost(3,Φ,1)=9+6=15 

Cost(4,{2},1)=d[4,2]+Cost(2,Φ,1)=8+5=13cost(4,{2},1)=d[4,2]+cost(2,Φ,1)=8+5=13 

S = 2 

Cost(2,{3,4},1) =  

{d[2,3]+Cost(3,{4},1)=9+20=29d[2,4]+Cost(4,{3},1)=10+15=25=25Cost(2,{3,4},1){d[2,3]+cos

t(3,{4},1)=9+20=29d[2,4]+Cost(4,{3},1)=10+15=25=25 

Cost(3,{2,4},1)= 

{d[3,2]+Cost(2,{4},1)=13+18=31d[3,4]+Cost(4,{2},1)=12+13=25=25Cost(3,{2,4},1){d[3,2]+co

st(2,{4},1)=13+18=31d[3,4]+Cost(4,{2},1)=12+13=25=25Cost(3,{2,4},1)={d[3,2]+Cost(2,{4},

1)=13+18=31d[3,4]+Cost(4,{2},1)=12+13=25=25Cost(3,{2,4},1){d[3,2]+cost(2,{4},1)=13+18=

31d[3,4]+Cost(4,{2},1)=12+13=25=25 

Cost(4,{2,3},1) = 

{d[4,2]+Cost(2,{3},1)=8+15=23d[4,3]+Cost(3,{2},1)=9+18=27=23Cost(4,{2,3},1){d[4,2]+cost(

2,{3},1)=8+15=23d[4,3]+Cost(3,{2},1)=9+18=27=23 

 

S = 3 

Cost(1,{2,3,4},1)=  

d[1,2]+Cost(2,{3,4},1)=10+25=35d[1,3]+Cost(3,{2,4},1)=15+25=40d[1,4]+Cost(4,{2,3},1)=20



 

+23=43=35cost(1,{2,3,4}),1)d[1,2]+cost(2,{3,4},1)=10+25=35d[1,3]+cost(3,{2,4},1)=15+25=4

0d[1,4]+cost(4,{2,3},1)=20+23=43=35Cost(1,{2,3,4},1)={d[1,2]+Cost(2,{3,4},1)=10+25=35d[1

,3]+Cost(3,{2,4},1)=15+25=40d[1,4]+Cost(4,{2,3},1)=20+23=43=35cost(1,{2,3,4}),1)d[1,2]+co

st(2,{3,4},1)=10+25=35d[1,3]+cost(3,{2,4},1)=15+25=40d[1,4]+cost(4,{2,3},1)=20+23=43=35 

The minimum cost path is 35. 

 

Start from cost {1, {2, 3, 4}, 1}, we get the minimum value for d [1, 2]. When s = 3, select the 

path from 1 to 2 (cost is 10) then go backwards. When s = 2, we get the minimum value for d 

[4, 2]. Select the path from 2 to 4 (cost is 10) then go backwards. 

When s = 1, we get the minimum value for d [4, 3]. Selecting path 4 to 3 (cost is 9), then we 

shall go to then go to s = Φ step. We get the minimum value for d [3, 1] (cost is 6). 

 

 

 

UNIT-4 

CO4: Understand the concepts of Binary search, Depth-first search, Breadth-first search and 

Merge Sort. Learn to solve Strassen’s matrix product algorithm 

BINARY SEARCH: 

Binary search looks for a particular item by comparing the middle most item of the collection. If 

a match occurs, then the index of item is returned. If the middle item is greater than the item, 

then the item is searched in the sub-array to the left of the middle item. Otherwise, the item is 

searched for in the sub-array to the right of the middle item. This process continues on the sub-

array as well until the size of the subarray reduces to zero. 

How Binary Search Works? 

For a binary search to work, it is mandatory for the target array to be sorted. We shall learn the 

process of binary search with a pictorial example. The following is our sorted array and let us 

assume that we need to search the location of value 31 using binary search. 

 

First, we shall determine half of the array by using this formula − 

mid = low + (high - low) / 2 

Here it is, 0 + (9 - 0 ) / 2 = 4 (integer value of 4.5). So, 4 is the mid of the array. 



 

 

Now we compare the value stored at location 4, with the value being searched, i.e. 31. We find 

that the value at location 4 is 27, which is not a match. As the value is greater than 27 and we 

have a sorted array, so we also know that the target value must be in the upper portion of the 

array. 

 

We change our low to mid + 1 and find the new mid value again. 

low = mid + 1 

mid = low + (high - low) / 2 

Our new mid is 7 now. We compare the value stored at location 7 with our target value 31. 

 

The value stored at location 7 is not a match, rather it is more than what we are looking for. So, 

the value must be in the lower part from this location. 

 

Hence, we calculate the mid again. This time it is 5. 

 

We compare the value stored at location 5 with our target value. We find that it is a match. 

 

We conclude that the target value 31 is stored at location 5. 

Binary search halves the searchable items and thus reduces the count of comparisons to be made 

to very less numbers. 

Pseudocode 

The pseudocode of binary search algorithms should look like this − 

Procedure binary_search 

   A ← sorted array 

n ← size of array 

x ← value to be searched 

 

   Set lowerBound = 1 

   Set upperBound = n  

 

while x not found 

ifupperBound<lowerBound 



 

         EXIT: x does not exists. 

 

setmidPoint = lowerBound + ( upperBound - lowerBound ) / 2 

 

if A[midPoint] < x 

setlowerBound = midPoint + 1 

 

if A[midPoint] > x 

setupperBound = midPoint - 1  

 

if A[midPoint] = x  

         EXIT: x found at location midPoint 

end while 

 

DEPTH FIRST SEARCH: 

Depth first search (DFS) algorithm starts with the initial node of the graph G, and then goes to 

deeper and deeper until we find the goal node or the node which has no children. The algorithm, 

then backtracks from the dead end towards the most recent node that is yet to be completely 

unexplored. 

The data structure which is being used in DFS is stack. The process is similar to BFS algorithm. 

In DFS, the edges that leads to an unvisited node are called discovery edges while the edges that 

leads to an already visited node are called block edges. 

Algorithm 

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

o Step 2: Push the starting node A on the stack and set its STATUS = 2 (waiting state) 

o Step 3: Repeat Steps 4 and 5 until STACK is empty 

o Step 4: Pop the top node N. Process it and set its STATUS = 3 (processed state) 

o Step 5: Push on the stack all the neighbours of N that are in the ready state (whose 

STATUS = 1) and set their 

STATUS = 2 (waiting state) 

[END OF LOOP] 

o Step 6: EXIT 



 

Example : 

Consider the graph G along with its adjacency list, given in the figure below. Calculate the order 

to print all the nodes of the graph starting from node H, by using depth first 

search(DFS)algorithm  

Solution : 

Push H onto the stack 

1. STACK : H    

POP the top element of the stack i.e. H, print it and push all the neighbours of H onto the stack 

that are is ready state. 

Print H    

2. STACK : A    

Pop the top element of the stack i.e. A, print it and push all the neighbours of A onto the stack 

that are in ready state. 

Print A   

3. Stack : B, D   

Pop the top element of the stack i.e. D, print it and push all the neighbours of D onto the stack 

that are in ready state. 

 

Print D    

4.Stack : B, F    



 

Pop the top element of the stack i.e. F, print it and push all the neighbours of F onto the stack that 

are in ready state. 

Print F   

5. Stack : B   

Pop the top of the stack i.e. B and push all the neighbours 

 

Print B    

6. Stack : C   Pop the top of the stack i.e. C and push all the neighbours. 

 

Print C    

7. Stack : E, G    

Pop the top of the stack i.e. G and push all its neighbours. 

 

Print G   

8. Stack : E   

Pop the top of the stack i.e. E and push all its neighbours. 

 

Print E   

9. Stack :   

Hence, the stack now becomes empty and all the nodes of the graph have been traversed. 

The printing sequence of the graph will be : 

H → A → D → F → B → C → G → E   

 

BREADTH FIRST SEARCH: 

 



 

Breadth first search is a graph traversal algorithm that starts traversing the graph from root node 

and explores all the neighbouring nodes. Then, it selects the nearest node and explore all the 

unexplored nodes. The algorithm follows the same process for each of the nearest node until it 

finds the goal. 

The algorithm of breadth first search is given below. The algorithm starts with examining the 

node A and all of its neighbours. In the next step, the neighbours of the nearest node of A are 

explored and process continues in the further steps. The algorithm explores all neighbours of all 

the nodes and ensures that each node is visited exactly once and no node is visited twice. 
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Algorithm 

o Step1:SETSTATUS=1(readystate) 

for each node in G 

o Step2:Enqueuethe starting node A 

and set its STATUS = 2 

(waiting state) 

o Step 3: Repeat Steps 4 and 5 until 

QUEUE is empty 

o Step 4: Dequeue a node N. Process it 

and set its STATUS = 3 

(processed state). 

o 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] 

o Step 6: EXIT 



 

Example 

Consider the graph G shown in the following image, calculate the minimum path p from node

 A to node E. Given that 

each edge has a length of 1. 

Solution: 

Minimum Path P can be found by applying breadth first search algorithm that will begin at node 

A and will end at E. the algorithm uses two queues, 

namely QUEUE1 and QUEUE2. QUEUE1 holds all the nodes that are to be processed 

while QUEUE2 holds all the nodes that are processed and deleted from QUEUE1. 

Lets start examining the graph from Node A. 

1. Add A to QUEUE1 and NULL to QUEUE2. 

QUEUE1 = {A}   

1. QUEUE2 = {NULL}   

2. Delete the Node A from QUEUE1 and insert all its neighbours. Insert Node A into QUEUE2 

QUEUE1 = {B, D}   

2. QUEUE2 = {A}   

3. Delete the node B from QUEUE1 and insert all its neighbours. Insert node B into QUEUE2. 

QUEUE1 = {D, C, F}    

3. QUEUE2 = {A, B}   

4. Delete the node D from QUEUE1 and insert all its neighbours. Since F is the only neighbour 

of it which has been inserted, we will not insert it again. Insert node D into QUEUE2. 

QUEUE1 = {C, F}   

4. QUEUE2 = { A, B, D}   



 

5. Delete the node C from QUEUE1 and insert all its neighbours. Add node C to QUEUE2. 

QUEUE1 = {F, E, G}   

5. QUEUE2 = {A, B, D, C}   

6. Remove F from QUEUE1 and add all its neighbours. Since all of its neighbours has already 

been added, we will not add them again. Add node F to QUEUE2. 

QUEUE1 = {E, G}   

6. QUEUE2 = {A, B, D, C, F}   

7. Remove E from QUEUE1, all of E's neighbours has already been added to QUEUE1 therefore 

we will not add them again. All the nodes are visited and the target node i.e. E is encountered 

into QUEUE2. 

QUEUE1 = {G}   

7.  QUEUE2 = {A, B, D, C, F,  E}   

Now, backtrack from E to A, using the nodes available in QUEUE2. 

The minimum path will be A → B → C → E. 

 

Topological Sort 

 

The topological sort algorithm takes a directed graph and returns an array of the nodes where 

each node appears before all the nodes it points to.The ordering of the nodes in the array is called 

a topological ordering. 

Here's an example: 

 

 



 

Applications of Topological Sort- 

  

Few important applications of topological sort are- 

• Scheduling jobs from the given dependencies among jobs 

• Instruction Scheduling 

• Determining the order of compilation tasks to perform in makefiles 

• Data Serialization 

  

 

 PROBLEMS BASED ON TOPOLOGICAL SORT- 

  

Find the number of different topological orderings possible for the given graph- 

  

 

  

Solution- 

  

The topological orderings of the above graph are found in the following steps- 

  

Step-01: 

  

Write in-degree of each vertex-  



 

Step-02: 

  

• Vertex-A has the least in-degree. 

• So, remove vertex-A and its associated edges. 

• Now, update the in-degree of other vertices. 

  

 

Step-03: 

  

• Vertex-B has the least in-degree. 

• So, remove vertex-B and its associated edges. 

• Now, update the in-degree of other vertices. 

  

 

 Step-04: 

  

There are two vertices with the least in-degree. So, following 2 cases are possible- 

 In case-01, 

• Remove vertex-C and its associated edges. 

• Then, update the in-degree of other vertices. 

 In case-02, 

• Remove vertex-D and its associated edges. 

• Then, update the in-degree of other vertices. 

  



 

 

 Step-05: 

  

Now, the above two cases are continued separately in the similar manner. 

 In case-01, 

• Remove vertex-D since it has the least in-degree. 

• Then, remove the remaining vertex-E. 

 In case-02, 

• Remove vertex-C since it has the least in-degree. 

• Then, remove the remaining vertex-E. 

  

 

 Conclusion- 

 For the given graph, following 2 different topological orderings are possible- 

A B C D E 

A B D C E 

Backtracking: 

Backtracking is one of the techniques that can be used to solve the problem. We can write the 

algorithm using this strategy. It uses the Brute force search to solve the problem, and the brute 

force search says that for the given problem, we try to make all the possible solutions and pick 

out the best solution from all the desired solutions. This rule is also followed in dynamic 

programming, but dynamic programming is used for solving optimization problems. In contrast, 

backtracking is not used in solving optimization problems. Backtracking is used when we have 

multiple solutions, and we require all those solutions. 



 

Backtracking name itself suggests that we are going back and coming forward; if it satisfies the 

condition, then return success, else we go back again. It is used to solve a problem in which a 

sequence of objects is chosen from a specified set so that the sequence satisfies some criteria. 

Many problems can be solved by backtracking strategy, and that problems satisfy complex set of 

constraints, and these constraints are of two types: 

o Implicit constraint: It is a rule in which how each element in a tuple is related. 

o Explicit constraint: The rules that restrict each element to be chosen from the given set. 

Applications of Backtracking 

o N-queen problem 

o Sum of subset problem 

o Graph coloring 

o Hamiliton cycle 

 

Algorithm 

o Step 1 − if current_position is goal, return success 

o Step 2 − else, 

o Step 3 − if current_position is an end point, return failed. 

o Step 4 − else, if current_position is not end point, explore and repeat above steps. 

Examples using N Queen problems: 

N queen problem is one of the most common examples of backtracking. Our goal is to arrange N 

Queen on an NXN chessboard such that no queen can strike down any other queen . A queen can 

attack horizontally, vertically or diagonally. 

So ,we start by placing the first queen anywhere arbitrary and then place the next queen in any of 

the safe place. We continuethis process until the  number of a placed queen becomes  zero(a 

solution is found) or no safe place is left.  If no safe place is left  ,then we change the position of 

the previously placed queens. 

Using backtracking to slove n queen: 

   Queen to be placed 

      Q1,Q2,Q3,Q4                                                                                                                                                                                            

The above picture shows 4x4 chessboard and we have 

to place 4 queens on it. so we start by placing the first queen in the first row. 

    

    

    

    



 

  

   Queen to be placed 

               Q2,Q3,Q4 

                                                                                                                        

now the second step is to place the 2nd queen in a safe position.  Also  we cant place the 

queen in the 1st row. So we will try putting the queen in 2nd row this time. 

   Queen to be placed 

          Q3,Q4 

 

Now we can see that there is no safe place where we can put the last queen. So we will just 

change the position of the previous queen (ie) backtracking and change the previous 

decision. 

At last the correct order is  

 

 

 

   The correct order is x= 2 4 1 3. 

Strassen’s Matrix Multiplication: 

Strassen’s Algorithm is an algorithm for matrix multiplication. It is faster than the naive matrix 

multiplication algorithm. 

In Strassen’s matrix multiplication there are seven multiplication and four addition, subtraction 

in total. 

    1. D1 =  (a11 + a22) (b11 + b22) 

    2. D2 =  (a21 + a22).b11 

    3. D3 =  (b12 – b22).a11 

    4. D4 =  (b21 – b11).a22 

    5. D5 =  (a11 + a12).b22 

    6. D6 =  (a21 – a11) . (b11 + b12) 

    7. D7 =  (a12 – a22) . (b21 + b22) 

 

Q1    

    

    

    

    

  Q2  

    

    

 Q1   

   Q2 

Q3    

  Q4  



 

    C11 = d1 + d4 – d5 + d7 

    C12 = d3 + d5 

    C21 = d2 + d4 

    C22 = d1 + d3 – d2 – d6 

 

Procedure of Strassen matrix multiplication 

There are some procedures: 

1. Divide a matrix of order of 2*2 recursively till we get the matrix of 2*2. 

2. Use the previous set of formulas to carry out 2*2 matrix multiplication. 

3. In this eight multiplication and four additions, subtraction are performed. 

4. Combine the result of two matrixes to find the final product or final matrix. 

For example, consider two 4 x 4 matrices A and B that we need to multiply. A 4 x 4 can be 

divided into four 2 x 2 matrices. 

 

 

Here, Aᵢⱼ and Bᵢⱼ are 2 x 2 matrices. 

 

Lower Bound Theory: 

Lower Bound Theory Concept is based upon the calculation of minimum time that is required to 

execute an algorithm is known as a lower bound theory or Base Bound Theory. 

Lower Bound Theory uses a number of methods/techniques to find out the lower bound. 

Techniques: 

The techniques which are used by lower Bound Theory are: 

1. Comparisons Trees. 

2. Oracle and adversary argument 

3. State Space Method 



 

1. Comparison trees: 

In a comparison sort, we use only comparisons between elements to gain order information about 

an input sequence (a1; a2......an). 

Given ai,aj from (a1, a2.....an)We Perform One of the Comparisons 

o ai < aj       less than 

o ai ≤ aj       less than or equal to 

o ai > aj       greater than 

o ai ≥ aj       greater than or equal to 

o ai = aj       equal to 

To determine their relative order, if we assume all elements are distinct, then we just need to 

consider ai ≤ aj '=' is excluded &, ≥,≤,>,< are equivalent. 

Consider sorting three numbers a1, a2, and a3. There are 3! = 6 possible combinations 

 (a1, a2, a3), (a1, a3, a2),  (a2, a1, a3), (a2, a3, a1)  ,(a3, a1, a2), (a3, a2, a1)   

The Comparison based algorithm defines a decision tree. 

Decision Tree: A decision tree is a full binary tree that shows the comparisons between elements 

that are executed by an appropriate sorting algorithm operating on an input of a given size. 

Control, data movement, and all other conditions of the algorithm are ignored. 

In a decision tree, there will be an array of length n. 

So, total leaves will be n! (I.e. total number of comparisons) 

If tree height is h, then surely 

    n! ≤2n (tree will be binary) 

Taking an Example of comparing a1, a2, and a3. 

Left subtree will be true condition i.e. ai ≤ aj 

Right subtree will be false condition i.e. ai >aj 



 

 

Insertion Sort: 

Insertion sort is a very simple method to sort numbers in an ascending or descending order. This 

method follows the incremental method. It can be compared with the technique how cards are 

sorted at the time of playing a game. 

The numbers, which are needed to be sorted, are known as keys. Here is the algorithm of the 

insertion sort method. 

 

Example 

Unsorted list: 
2 13 5 18 14 

 

1st iteration: 

Key = a[2] = 13 

a[1] = 2 < 13 

Swap, no swap 
2 13 5 18 14 

 

2nd iteration: 

Key = a[3] = 5 

a[2] = 13 > 5 

Swap 5 and 13 
2 5 13 18 14 

 

Next, a[1] = 2 < 13 



 

Swap, no swap 
2 5 13 18 14 

 

3rd iteration: 

Key = a[4] = 18 

a[3] = 13 < 18, 

a[2] = 5 < 18, 

a[1] = 2 < 18 

Swap, no swap 
2 5 13 18 14 

 

4th iteration: 

Key = a[5] = 14 

a[4] = 18 > 14 

Swap 18 and 14 
2 5 13 14 18 

 

Next, a[3] = 13 < 14, 

a[2] = 5 < 14, 

a[1] = 2 < 14 

So, no swap 
2 5 13 14 18 

 

Finally, 

the sorted list is 
2 5 13 14 18 

 

 

 

Quick Sort: 

It is used on the principle of divide-and-conquer. Quick sort is an algorithm of choice in many 

situations as it is not difficult to implement. It is a good general purpose sort and it consumes 

relatively fewer resources during execution. 

Divide: Rearrange the elements and split arrays into two sub-arrays and an element in between 

search that each element in left sub array is less than or equal to the average element and each 

element in the right sub- array is larger than the middle element. 



 

Conquer: Recursively, sort two sub arrays. 

Combine: Combine the already sorted array. 

Example of Quick Sort: 

1. 44  33  11  55  77  90  40  60  99  22  88     

Let 44 be the Pivot element and scanning done from right to left 

Comparing 44 to the right-side elements, and if right-side elements are smaller than 44, then 

swap it. As 22 is smaller than 44 so swap them. 

  22 33 11 55 77 90 40 60 99 44

 88  

Now comparing 44 to the left side element and the element must be greater than 44 then swap 

them. As 55 are greater than 44 so swap them. 

22 33 11 44 77 90 40 60 99 55

 88 

Recursively, repeating steps 1 & steps 2 until we get two lists one left from pivot element 44 & 

one right from pivot element. 

22 33 11 40 77 90 44 60 99 55

 88 

Swap with 77: 

22 33 11 40 44 90 77 60 99 55

 88 

Now, the element on the right side and left side are greater than and smaller than 44 respectively. 

Now we get two sorted lists: 

 

And these sublists are sorted under the same process as above done. 

These two sorted sublists side by side. 



 

 

 

Merging Sublists: 

 

Merge Sort: 

Merge sort is yet another sorting algorithm that falls under the category of Divide and 

Conquer technique. It is one of the best sorting techniques that successfully build a recursive 

algorithm. 

Merge Sort algorithm 

The MergeSort function keeps on splitting an array into two halves until a condition is met where 

we try to perform MergeSort on a subarray of size 1, i.e., p == r. 

And then, it combines the individually sorted subarrays into larger arrays until the whole array is 

merged. 

1. ALGORITHM-MERGE SORT   

2. 1. If p<r   

3. 2. Then q → ( p+ r)/2   

4. 3. MERGE-SORT (A, p, q)   

5. 4. MERGE-SORT ( A, q+1,r)   

https://www.javatpoint.com/divide-and-conquer-introduction
https://www.javatpoint.com/divide-and-conquer-introduction


 

6. 5. MERGE ( A, p, q, r)   

Example: Consider the following example of an unsorted array, which we are going to 

sort with the help of the Merge Sort algorithm. 

A= (36,25,40,2,7,80,15) 

Step1: The merge sort algorithm iteratively divides an array into equal halves until we 

achieve an atomic value. In case if there are an odd number of elements in an array, then 

one of the halves will have more elements than the other half. 

Step2: After dividing an array into two subarrays, we will notice that it did not hamper the order 

of elements as they were in the original array. After now, we will further divide these two arrays 

into other halves. 

Step3: Again, we will divide these arrays until we achieve an atomic value, i.e., a value that 

cannot be further divided. 

Step4: Next, we will merge them back in the same way as they were broken down. 

Step5: For each list, we will first compare the element and then combine them to form a new 

sorted list. 

Step6: In the next iteration, we will compare the lists of two data values and merge them back 

into a list of found data values, all placed in a sorted manner. 

 



 

Selection Sort: 

This type of sorting is called Selection Sort as it works by repeatedly sorting elements. It works 

as follows: first find the smallest in the array and exchange 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 continue in this way until the entire array is sorted. 

Algorithm 

Step 1 − Set MIN to location 0 

Step 2 − Search the minimum element in the list 

Step 3 − Swap with value at location MIN 

Step 4 − Increment MIN to point to next element 

Step 5 − Repeat until list is sorted 

 

 

Example 

Unsorted list: 
5 2 1 4 3 

 

1st iteration: 

Smallest = 5 

2 < 5, smallest = 2 

1 < 2, smallest = 1 

4 > 1, smallest = 1 

3 > 1, smallest = 1 

Swap 5 and 1 
1 2 5 4 3 

 

2nd iteration: 

Smallest = 2 

2 < 5, smallest = 2 

2 < 4, smallest = 2 

2 < 3, smallest = 2 

No Swap 
1 2 5 4 3 

 

3rd iteration: 

Smallest = 5 



 

4 < 5, smallest = 4 

3 < 4, smallest = 3 

Swap 5 and 3 
1 2 3 4 5 

 

4th iteration: 

Smallest = 4 

4 < 5, smallest = 4 

No Swap 
1 2 3 4 5 

 

Finally, 

the sorted list is 
1 2 3 4 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT-5 

CO5: Understand the concepts of Coin changing, Kruskal’s algorithm , Prim’s algorithm 

– Dijkstra’s algorithm and Huffman codes. Learn to write the algorithm of Floyd and Warshall 

 

Coin changing 

The Coin Change Problem is considered by many to be essential to understanding the 

paradigm of programming known as Dynamic Programming. The two often are always 

paired together because the coin change problem encompass the concepts of dynamic 

programming. 

“both a mathematical optimization method and a computer programming method … it 

refers to simplifying a complicated problem by breaking it down into simpler sub-problems”. 

Suppose you are given the coins 1 cent, 5 cents, and 10 cents with N = 8 cents, what are the 

total number of combinations of the coins you can arrange to obtain 8 cents.  

Example:- 

Input: N=8 

        Coins : 1, 5, 10 

Output: 2 

 

Explanation:  

1 way:  

      1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 = 8 cents. 

2 way: 

      1 + 1 + 1 + 5 = 8 cents. 

 

All you’re doing is determining all of the ways you can come up with the denomination of 8 

cents. Eight 1 cents added together is equal to 8 cents. Three 1 cent plus One 5 cents added is 8 

cents. So there are a total of 2 ways given the list of coins 1, 5 and 10 to obtain 8 cents. 

 

KRUSKAL’S ALGORITHM: 

Kruskal's Algorithm is used to find the minimum spanning tree for a connected weighted 

graph. The main target of the algorithm is to find the subset of edges by using which we can 

traverse every vertex of the graph. It follows the greedy approach that finds an optimum solution 

at every stage instead of focusing on a global optimum. 

https://en.wikipedia.org/wiki/Dynamic_programming


 

How does Kruskal's algorithm work? 

In Kruskal's algorithm, we start from edges with the lowest weight and keep adding the edges 

until the goal is reached. The steps to implement Kruskal's algorithm are listed as follows - 

o First, sort all the edges from low weight to high. 

o Now, take the edge with the lowest weight and add it to the spanning tree. If the edge to 

be added creates a cycle, then reject the edge. 

o Continue to add the edges until we reach all vertices, and a minimum spanning tree is 

created. 

Example of Kruskal's algorithm 

o Now, let's see the working of Kruskal's algorithm using an example. It will be easier to 

understand Kruskal's algorithm using an example. 

o Suppose a weighted graph is - 

o  
o The weight of the edges of the above graph is given in the below table - 

Edge AB AC AD AE BC CD DE 

Weight 1 7 10 5 3 4 2 

o Now, sort the edges given above in the ascending order of their weights. 

Edge AB DE BC CD AE AC AD 

Weight 1 2 3 4 5 7 10 

o Now, let's start constructing the minimum spanning tree. 

o Step 1 - First, add the edge AB with weight 1 to the MST. 



 

o  
o Step 2 - Add the edge DE with weight 2 to the MST as it is not creating the cycle. 

o  
o Step 3 - Add the edge BC with weight 3 to the MST, as it is not creating any cycle or 

loop. 

o  
o Step 4 - Now, pick the edge CD with weight 4 to the MST, as it is not forming the cycle. 

o  
o Step 5 - After that, pick the edge AE with weight 5. Including this edge will create the 

cycle, so discard it. 

o Step 6 - Pick the edge AC with weight 7. Including this edge will create the cycle, so 

discard it. 

o Step 7 - Pick the edge AD with weight 10. Including this edge will also create the cycle, 

so discard it. 

o So, the final minimum spanning tree obtained from the given weighted graph by using 

Kruskal's algorithm is - 

o  



 

o The cost of the MST is = AB + DE + BC + CD = 1 + 2 + 3 + 4 = 10. 

o Now, the number of edges in the above tree equals the number of vertices minus 1. So, 

the algorithm stops here. 

Algorithm 

1. Step 1: Create a forest F in such a way that every vertex of the graph is a separate tree.   

2. Step 2: Create a set E that contains all the edges of the graph.   

3. Step 3: Repeat Steps 4 and 5 while E is NOT EMPTY and F is not spanning   

4. Step 4: Remove an edge from E with minimum weight   

5. Step 5: IF the edge obtained in Step 4 connects two different trees, then add it to the forest F    

6. (for combining two trees into one tree).   

7. ELSE   

8. Discard the edge   

9. Step 6: END   

 

PRIM’S ALGORITHM: 

Prim's Algorithm is a greedy algorithm that is used to find the minimum spanning tree from a 

graph. Prim's algorithm finds the subset of edges that includes every vertex of the graph such that 

the sum of the weights of the edges can be minimized. 

Prim's algorithm starts with the single node and explores all the adjacent nodes with all the 

connecting edges at every step. The edges with the minimal weights causing no cycles in the 

graph got selected. 

How does the prim's algorithm work? 

Prim's algorithm is a greedy algorithm that starts from one vertex and continue to add the edges 

with the smallest weight until the goal is reached. The steps to implement the prim's algorithm 

are given as follows - 

o First, we have to initialize an MST with the randomly chosen vertex. 

o Now, we have to find all the edges that connect the tree in the above step with the new 

vertices. From the edges found, select the minimum edge and add it to the tree. 

o Repeat step 2 until the minimum spanning tree is formed. 

The applications of prim's algorithm are - 

o Prim's algorithm can be used in network designing. 



 

o It can be used to make network cycles. 

o It can also be used to lay down electrical wiring cables. 

Example of prim's algorithm 

Now, let's see the working of prim's algorithm using an example. It will be easier to understand 

the prim's algorithm using an example. 

Suppose, a weighted graph is - 

 

Step 1 - First, we have to choose a vertex from the above graph. Let's choose B. 

 

Step 2 - Now, we have to choose and add the shortest edge from vertex B. There are two edges 

from vertex B that are B to C with weight 10 and edge B to D with weight 4. Among the edges, 

the edge BD has the minimum weight. So, add it to the MST. 

 

Step 3 - Now, again, choose the edge with the minimum weight among all the other edges. In 

this case, the edges DE and CD are such edges. Add them to MST and explore the adjacent of C, 

i.e., E and A. So, select the edge DE and add it to the MST. 



 

 

Step 4 - Now, select the edge CD, and add it to the MST. 

 

Step 5 - Now, choose the edge CA. Here, we cannot select the edge CE as it would create a cycle 

to the graph. So, choose the edge CA and add it to the MST. 

 

So, the graph produced in step 5 is the minimum spanning tree of the given graph. The cost of 

the MST is given below - 

Cost of MST = 4 + 2 + 1 + 3 = 10 units. 

Algorithm 

1. Step 1: Select a starting vertex   

2. Step 2: Repeat Steps 3 and 4 until there are fringe vertices   

3. Step 3: Select an edge 'e' connecting the tree vertex and fringe vertex that has minimum weight   

4. Step 4: Add the selected edge and the vertex to the minimum spanning tree T   

5. [END OF LOOP]   

6. Step 5: EXIT   

 

 

HUFFAN  CODES: 



 

o (i) Data can be encoded efficiently using Huffman Codes. 

o (ii) It is a widely used and beneficial technique for compressing data. 

o (iii) Huffman's greedy algorithm uses a table of the frequencies of occurrences of each 

character to build up an optimal way of representing each character as a binary string. 

Suppose we have 105 characters in a data file. Normal Storage: 8 bits per character (ASCII) - 8 x 

105 bits in a file. But we want to compress the file and save it compactly. Suppose only six 

characters appear in the file: 

 

How can we represent the data in a Compact way? 

(i) Fixed length Code: Each letter represented by an equal number of bits. With a fixed length 

code, at least 3 bits per character: 

For example: 

00:00/11:48 

10 Sec 

18.2M 

350 

 a        000 

 

b   001 

 

c   010 

 

d   011 

 

e   100 

 

f   101 

For a file with 105 characters, we need 3 x 105 bits. 

(ii) A variable-length code: It can do considerably better than a fixed-length code, by giving 

many characters short code words and infrequent character long codewords. 

For example: 



 

  a       0 

 

  b      101 

 

  c      100 

 

  d      111 

 

  e      1101 

 

  f      1100 

Number of bits = (45 x 1 + 13 x 3 + 12 x 3 + 16 x 3 + 9 x 4 + 5 x 4) x 1000 

= 2.24 x 105bits 

Thus, 224,000 bits to represent the file, a saving of approximately 25%.This is an optimal 

character code for this file. 

Greedy Algorithm for constructing a Huffman Code: 

Huffman invented a greedy algorithm that creates an optimal prefix code called a Huffman Code. 

 

The algorithm builds the tree T analogous to the optimal code in a bottom-up manner. It starts 

with a set of |C| leaves (C is the number of characters) and performs |C| - 1 'merging' operations 

to create the final tree. In the Huffman algorithm 'n' denotes the quantity of a set of characters, z 

indicates the parent node, and x & y are the left & right child of z respectively. 

Fibonacci sequence 

Fibonacci sequence is the sequence of numbers in which every next item is the total of the 

previous two items. And each number of the Fibonacci sequence is called Fibonacci number. 

Example: 0 ,1,1,2,3,5,8,13,21,....................... is a Fibonacci sequence. 

The Fibonacci numbers F_nare defined as follows: 



 

F0 = 0 

Fn=1 

Fn=F(n-1)+ F(n-2) 

FIB (n)  

 1. If (n < 2)  

 2. then return n  

 3. else return FIB (n - 1) + FIB (n - 2) 

Figure: shows four levels of recursion for the call fib (8): 

 

Figure: Recursive calls during computation of Fibonacci number 

A single recursive call to fib (n) results in one recursive call to fib (n - 1), two recursive calls to 

fib (n - 2), three recursive calls to fib (n - 3), five recursive calls to fib (n - 4) and, in general, Fk-

1 recursive calls to fib (n - k) We can avoid this unneeded repetition by writing down the 

conclusion of recursive calls and looking them up again if we need them later. This process is 

called memorization. 

Here is the algorithm with memorization 

MEMOFIB (n) 

 1 if (n < 2)  

 2 then return n 

 3 if (F[n] is undefined) 

 4 then F[n] ← MEMOFIB (n - 1) + MEMOFIB (n - 2) 

 5 return F[n] 

 

 

 

Longest Common Subsequence Problem 



 

 The Longest Common Subsequence (LCS) problem is finding the longest subsequence 

present in given two sequences in the same order, i.e., find the longest sequence which can be 

obtained from the first original sequence by deleting some items and from the second original 

sequence by deleting other items. 

The problem differs from the problem of finding the longest common substring. Unlike 

substrings, subsequences are not required to occupy consecutive positions within the original 

string. 

For example, consider the two following sequences, X  and Y : 

X: ABCBDAB 

Y: BDCABA 

  

The length of the LCS is 4 

 

The LCS problem has optimal substructure. That means the problem can be broken down into 

smaller, simple “subproblems”, which can be broken down into yet simpler subproblems, and so 

on, until, finally, the solution becomes trivial. 

Using Dynamic Programming to find the LCS 

Let us take two sequences: 

The first sequence

Second Sequence 

The following steps are followed for finding the longest common subsequence. 

https://www.techiedelight.com/longest-common-substring-problem/
https://www.techiedelight.com/difference-between-subarray-subsequence-subset/#subsequence
https://www.techiedelight.com/introduction-dynamic-programming/#optimal-substructure


 

1. Create a table of dimension n+1*m+1 where n and m are the lengths 

of X and Y respectively. The first row and the first column are filled with zeros.

 

2. Fill each cell of the table using the following logic. 

3. If the character corresponding to the current row and current column are matching, 

then fill the current cell by adding one to the diagonal element. Point an arrow to the 

diagonal cell. 

4. Else take the maximum value from the previous column and previous row element for 

filling the current cell. Point an arrow to the cell with maximum value. If they are 

equal, point to any of them. 

 

 

 

 

 

 

 

5. Step 2 is repeated until the table is filled. Fill all the values 

 

 



 

 

 

 

 

 

 

 

 

6. The value in the last row and the last column is the length of the longest common 

subsequence. 

 

 

 

 

 

The bottom right corner is the length of the LCS 

 

 

7. In order to find the longest common subsequence, start from the last element and 

follow the direction of the arrow. The elements corresponding to () symbol form the 

longest common subsequence.



 

Create a path according to the arrows 

Thus, the longest common subsequence is CA. 
 

Longest Common Subsequence Algorithm 

X and Y be two given sequences 

Initialize a table LCS of dimension X.length * Y.length 

X.label = X 

Y.label = Y 

LCS[0][] = 0 

LCS[][0] = 0 

Start from LCS[1][1] 

Compare X[i] and Y[j] 

    If X[i] = Y[j] 

        LCS[i][j] = 1 + LCS[i-1, j-1]    

        Point an arrow to LCS[i][j] 

    Else 

        LCS[i][j] = max(LCS[i-1][j], LCS[i][j-1]) 

        Point an arrow to max(LCS[i-1][j], LCS[i][j-1]) 

 

 



 

 

 Floyd-Warshall Algorithm 

 

Floyd-Warshall Algorithm is an algorithm for finding the shortest path between all the 

pairs of vertices in a weighted graph. This algorithm works for both the directed and 

undirected weighted graphs. 

This algorithm follows the dynamic programming approach to find the shortest paths. 

How Floyd-Warshall Algorithm Works? 

Let the given graph be: 

 

Initial graph 

Follow the steps below to find the shortest path between all the pairs of vertices. 

1. Create a matrix A0 of dimension n*n where n is the number of vertices. The row and 

the column are indexed as i and j respectively. i and j are the vertices of the graph. 

 

Each cell A[i][j] is filled with the distance from the ith vertex to the jth vertex. If there is 

https://www.programiz.com/dsa/dynamic-programming


 

no path from ith vertex to jth vertex, the cell is left as infinity.

 

2. Fill each cell with the distance between ith and jth vertex 

3. Now, create a matrix A1 using matrix A0. The elements in the first column and the first 

row are left as they are. The remaining cells are filled in the following way. 

 

Let k be the intermediate vertex in the shortest path from source to destination. In this 

step, k is the first vertex. A[i][j] is filled with (A[i][k] + A[k][j]) if (A[i][j] > A[i][k] + A[k][j]). 

 

That is, if the direct distance from the source to the destination is greater than the path 

through the vertex k, then the cell is filled with A[i][k] + A[k][j]. 

 

In this step, k is vertex 1. We calculate the distance from source vertex to destination 

vertex through this vertex k.

 
 



 

1. For example: For A1[2, 4], the direct distance from vertex 2 to 4 is 4 and the sum of the 

distance from vertex 2 to 4 through vertex (ie. from vertex 2 to 1 and from vertex 1 to 

4) is 7. Since 4 < 7, A0[2, 4] is filled with 4. 

2. Similarly, A2 is created using A1. The elements in the second column and the second 

row are left as they are. 

In this step, k is the second vertex (i.e. vertex 2). The remaining steps are the same as  

in step 2. 

 
 

 

Similarly, A3 and A4 is also created.

 

 

Calculate the distance from the source vertex to destination vertex through this vertex 

4 



 

A4 gives the shortest path between each pair of vertices. 

Floyd-Warshall Algorithm 

n = no of vertices 

A = matrix of dimension n*n 

for k = 1 to n 

    for i = 1 to n 

        for j = 1 to n 

            Ak[i, j] = min (Ak-1[i, j], Ak-1[i, k] + Ak-1[k, j]) 

return A 

 
 

 

 

 

 

 

 

 

 

 


