
UNIT – I 

Introduction to Algorithm Analysis, Space and Time Complexity analysis, Asymptotic 

Notations.          

AVL Trees – Creation, Insertion, Deletion operations and Applications  

   B-Trees – Creation, Insertion, Deletion operations and Applications. 

 

Introduction to Algorithms: 

The word Algorithm means "A set of finite rules or instructions to be followed in calculations 

or other problem-solving operations" Or "A procedure for solving a mathematical problem in 

a finite number of steps that frequently involves recursive operations". 

 

Therefore Algorithm refers to a sequence of finite steps to solve a particular problem. 

 

 
 

Use of the Algorithms: 

Algorithms play a crucial role in various fields and have many applications. Some of the key 

areas where algorithms are used include: 

1. Computer Science: Algorithms form the basis of computer programming and are used to 

solve problems ranging from simple sorting and searching to complex tasks such as 

artificial intelligence and machine learning. 

2. Mathematics: Algorithms are used to solve mathematical problems, such as finding the 

optimal solution to a system of linear equations or finding the shortest path in a graph. 

3. Operations Research: Algorithms are used to optimize and make decisions in fields such 

as transportation, logistics, and resource allocation. 

4. Artificial Intelligence: Algorithms are the foundation of artificial intelligence and 

machine learning, and are used to develop intelligent systems that can perform tasks such 

as image recognition, natural language processing, and decision-making. 

5. Data Science: Algorithms are used to analyze, process, and extract insights from large 

amounts of data in fields such as marketing, finance, and healthcare. 
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These are just a few examples of the many applications of algorithms. The use of algorithms 

is continually expanding as new technologies and fields emerge, making it a vital component 

of modern society. 

Algorithms can be simple and complex depending on what you want to achieve.  

It can be understood by taking the example of cooking a new recipe. To cook a new recipe, 

one reads the instructions and steps and executes them one by one, in the given sequence. The 

result thus obtained is the new dish is cooked perfectly. Every time you use your phone, 

computer, laptop, or calculator you are using Algorithms. Similarly, algorithms help to do a 

task in programming to get the expected output. 

The Algorithm designed are language-independent, i.e. they are just plain instructions that can 

be implemented in any language, and yet the output will be the same, as expected. 

 

What is the need for algorithms? 
1. Algorithms are necessary for solving complex problems efficiently and effectively.  

2. They help to automate processes and make them more reliable, faster, and easier to 

perform. 

3. Algorithms also enable computers to perform tasks that would be difficult or impossible 

for humans to do manually. 

4. They are used in various fields such as mathematics, computer science, engineering, 

finance, and many others to optimize processes, analyze data, make predictions, and 

provide solutions to problems. 

What are the Characteristics of an Algorithm? 

 

 

As one would not follow any written instructions to cook the recipe, but only the standard 

one. Similarly, not all written instructions for programming are an algorithm. For some 

instructions to be an algorithm, it must have the following characteristics: 

 

 Clear and Unambiguous: The algorithm should be unambiguous. Each of its steps 

should be clear in all aspects and must lead to only one meaning. 

B. Venkatesu Goud, Assistant Professor



 Well-Defined Inputs: If an algorithm says to take inputs, it should be well-defined 

inputs. It may or may not take input. 

 Well-Defined Outputs: The algorithm must clearly define what output will be yielded 

and it should be well-defined as well. It should produce at least 1 output. 

 Finite-ness: The algorithm must be finite, i.e. it should terminate after a finite time. 

 Feasible: The algorithm must be simple, generic, and practical, such that it can be 

executed with the available resources. It must not contain some future technology or 

anything. 

 Language Independent: The Algorithm designed must be language-independent, i.e. it 

must be just plain instructions that can be implemented in any language, and yet the 

output will be the same, as expected. 

 Input: An algorithm has zero or more inputs. Each that contains a fundamental operator 

must accept zero or more inputs. 

  Output: An algorithm produces at least one output. Every instruction that contains a 

fundamental operator must accept zero or more inputs. 

 Definiteness: All instructions in an algorithm must be unambiguous, precise, and easy to 

interpret. By referring to any of the instructions in an algorithm one can clearly 

understand what is to be done. Every fundamental operator in instruction must be defined 

without any ambiguity. 

 Finiteness: An algorithm must terminate after a finite number of steps in all test cases. 

Every instruction which contains a fundamental operator must be terminated within a 

finite amount of time. Infinite loops or recursive functions without base conditions do not 

possess finiteness. 

 Effectiveness: An algorithm must be developed by using very basic, simple, and feasible 

operations so that one can trace it out by using just paper and pencil. 

 

Properties of Algorithm: 
 It should terminate after a finite time. 

 It should produce at least one output. 

 It should take zero or more input. 

 It should be deterministic means giving the same output for the same input case. 

 Every step in the algorithm must be effective i.e. every step should do some work. 

Advantages of Algorithms: 
 It is easy to understand. 

 An algorithm is a step-wise representation of a solution to a given problem. 

 In an Algorithm the problem is broken down into smaller pieces or steps hence, it is easier 

for the programmer to convert it into an actual program. 

Disadvantages of Algorithms: 

 Writing an algorithm takes a long time so it is time-consuming. 

 Understanding complex logic through algorithms can be very difficult. 

 Branching and Looping statements are difficult to show in Algorithms(imp). 

How to Design an Algorithm? 

To write an algorithm, the following things are needed as a pre-requisite:  

1. The problem that is to be solved by this algorithm i.e. clear problem definition. 

2. The constraints of the problem must be considered while solving the problem. 

3. The input to be taken to solve the problem. 
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4. The output is to be expected when the problem is solved. 

5. The solution to this problem is within the given constraints. 

Then the algorithm is written with the help of the above parameters such that it solves the 

problem. 

 
Example: Consider the example to add three numbers and print the sum. 

Step 1: Fulfilling the pre-requisites  
As discussed above, to write an algorithm, its prerequisites must be fulfilled.  

1. The problem that is to be solved by this algorithm: Add 3 numbers and print their sum. 

2. The constraints of the problem that must be considered while solving the problem: 

The numbers must contain only digits and no other characters. 

3. The input to be taken to solve the problem: The three numbers to be added. 

4. The output to be expected when the problem is solved: The sum of the three numbers 

taken as the input i.e. a single integer value. 

5. The solution to this problem, in the given constraints: The solution consists of adding 

the 3 numbers. It can be done with the help of the '+' operator, or bit-wise, or any other 

method. 

Step 2: Designing the algorithm 

Now let's design the algorithm with the help of the above pre-requisites: 

Algorithm to add 3 numbers and print their sum:  

1. START 

2. Declare 3 integer variables num1, num2, and num3. 

3. Take the three numbers, to be added, as inputs in variables num1, num2, and num3 

respectively. 

4. Declare an integer variable sum to store the resultant sum of the 3 numbers. 

5. Add the 3 numbers and store the result in the variable sum. 

6. Print the value of the variable sum 

7. END 

Step 3: Testing the algorithm by implementing it. 
 

Performance Analysis: 

What is Performance Analysis of an algorithm? 

If we want to go from city "A" to city "B", there can be many ways of doing this. We can go by 

flight, by bus, by train and also by bicycle. Depending on the availability and convenience, we 

choose the one which suits us. Similarly, in computer science, there are multiple algorithms to 

solve a problem. When we have more than one algorithm to solve a problem, we need to select 

the best one. Performance analysis helps us to select the best algorithm from multiple algorithms 

to solve a problem. 

 

When there are multiple alternative algorithms to solve a problem, we analyze them and pick the 

one which is best suitable for our requirements. The formal definition is as follows... 

Performance of an algorithm is a process of making evaluative judgement about 

algorithms. 
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It can also be defined as follows... 

Performance of an algorithm means predicting the resources which are required to an 

algorithm to perform its task. 

That means when we have multiple algorithms to solve a problem, we need to select a suitable 

algorithm to solve that problem. 

 

We compare algorithms with each other which are solving the same problem, to select the best 

algorithm. To compare algorithms, we use a set of parameters or set of elements like memory 

required by that algorithm, the execution speed of that algorithm, easy to understand, easy to 

implement, etc., 

 

Generally, the performance of an algorithm depends on the following elements... 

1. Whether that algorithm is providing the exact solution for the problem? 

2. Whether it is easy to understand? 

3. Whether it is easy to implement? 

4. How much space (memory) it requires to solve the problem? 

5. How much time it takes to solve the problem? Etc., 

When we want to analyse an algorithm, we consider only the space and time required by that 

particular algorithm and we ignore all the remaining elements. 

Based on this information, performance analysis of an algorithm can also be defined as follows... 

Performance analysis of an algorithm is the process of calculating space and time required 

by that algorithm. 

Performance analysis of an algorithm is performed by using the following measures... 

1. Space required to complete the task of that algorithm (Space Complexity). It includes 

program space and data space 

2. Time required to complete the task of that algorithm (Time Complexity) 

Space Complexity: 

What is Space complexity? 

When we design an algorithm to solve a problem, it needs some computer memory to complete 

its execution. For any algorithm, memory is required for the following purposes... 

1. To store program instructions. 

2. To store constant values. 
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3. To store variable values. 

4. And for few other things like funcion calls, jumping statements etc,. 

Space complexity of an algorithm can be defined as follows... 

Total amount of computer memory required by an algorithm to complete its execution is 

called as space complexity of that algorithm. 

Generally, when a program is under execution it uses the computer memory for THREE reasons. 

They are as follows... 

1. Instruction Space: It is the amount of memory used to store compiled version of 

instructions. 

2. Environmental Stack: It is the amount of memory used to store information of partially 

executed functions at the time of function call. 

3. Data Space: It is the amount of memory used to store all the variables and constants. 

 Note - When we want to perform analysis of an algorithm based on its Space complexity, we 

consider only Data Space and ignore Instruction Space as well as Environmental Stack. 

That means we calculate only the memory required to store Variables, Constants, Structures, etc., 

To calculate the space complexity, we must know the memory required to store different 

datatype values (according to the compiler). For example, the C Programming Language 

compiler requires the following... 

1. 2 bytes to store Integer value. 

2. 4 bytes to store Floating Point value. 

3. 1 byte to store Character value. 

4. 6 (OR) 8 bytes to store double value. 

Consider the following piece of code... 

Example 1 

int square(int a) 

{ 

 return a*a; 

} 

In the above piece of code, it requires 2 bytes of memory to store variable 'a' and another 2 bytes 

of memory is used for return value. 

That means, totally it requires 4 bytes of memory to complete its execution. And this 4 

bytes of memory is fixed for any input value of 'a'. This space complexity is said to 

be Constant Space Complexity. 

If any algorithm requires a fixed amount of space for all input values then that space 

complexity is said to be Constant Space Complexity. 
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Consider the following piece of code... 

Example 2 

int sum(int A[ ], int n) 

{ 

   int sum = 0, i; 

for(i = 0; i< n; i++) 

      sum = sum + A[i]; 

   return sum; 

} 

In the above piece of code it requires 

'n*2' bytes of memory to store array variable 'a[ ]' 

2 bytes of memory for integer parameter 'n' 

4 bytes of memory for local integer variables 'sum' and 'i' (2 bytes each) 

2 bytes of memory for return value. 

 

That means, totally it requires '2n+8' bytes of memory to complete its execution. Here, the 

total amount of memory required depends on the value of 'n'. As 'n' value increases the 

space required also increases proportionately. This type of space complexity is said to 

be Linear Space Complexity. 

If the amount of space required by an algorithm is increased with the increase of input 

value, then that space complexity is said to be Linear Space Complexity. 

 

Time Complexity: 

What is Time complexity? 

Every algorithm requires some amount of computer time to execute its instruction to perform the 

task. This computer time required is called time complexity.  

The time complexity of an algorithm can be defined as follows... 

The time complexity of an algorithm is the total amount of time required by an algorithm 

to complete its execution. 

Generally, the running time of an algorithm depends upon the following... 

1. Whether it is running on Single processor machine or Multi processor machine. 

2. Whether it is a 32 bit machine or 64 bit machine. 

3. Read and Write speed of the machine. 
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4. The amount of time required by an algorithm to 

perform Arithmetic operations, logical operations, return value 

and assignment operations etc., 

5. Input data 

 Note - When we calculate time complexity of an algorithm, we consider only input data and 

ignore the remaining things, as they are machine dependent. We check only, how our program is 

behaving for the different input values to perform all the operations like Arithmetic, Logical, 

Return value and Assignment etc., 

Calculating Time Complexity of an algorithm based on the system configuration is a very 

difficult task because the configuration changes from one system to another system. To solve this 

problem, we must assume a model machine with a specific configuration. So that, we can able to 

calculate generalized time complexity according to that model machine. 

 

To calculate the time complexity of an algorithm, we need to define a model machine. Let us 

assume a machine with following configuration... 

1. It is a Single processor machine 

2. It is a 32 bit Operating System machine 

3. It performs sequential execution 

4. It requires 1 unit of time for Arithmetic and Logical operations 

5. It requires 1 unit of time for Assignment and Return value 

6. It requires 1 unit of time for Read and Write operations 

Now, we calculate the time complexity of following example code by using the above-defined 

model machine... 

Consider the following piece of code... 

Example 1 

int sum(int a, int b) 

{ 

   return a+b; 

} 

In the above sample code, it requires 1 unit of time to calculate a+b and 1 unit of time to return 

the value. That means, totally it takes 2 units of time to complete its execution. And it does not 

change based on the input values of a and b. That means for all input values, it requires the same 

amount of time i.e. 2 units. 

If any program requires a fixed amount of time for all input values then its time complexity 

is said to be Constant Time Complexity. 

Consider the following piece of code... 

Example 2 
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int sum(int A[], int n) 

{ 

   int sum = 0, i; 

for(i = 0; i< n; i++) 

      sum = sum + A[i]; 

   return sum; 

} 

For the above code, time complexity can be calculated as follows... 

 
In above calculation 

Cost is the amount of computer time required for a single operation in each line. 

Repeatation is the amount of computer time required by each operation for all its repeatations. 

Total is the amount of computer time required by each operation to execute. 

So above code requires '4n+4' Units of computer time to complete the task. Here the exact time 

is not fixed. And it changes based on the n value. If we increase the n value then the time 

required also increases linearly. 

 

Totally it takes '4n+4' units of time to complete its execution and it is Linear Time 

Complexity. 

If the amount of time required by an algorithm is increased with the increase of input value 

then that time complexity is said to be Linear Time Complexity. 

 

Asymptotic Notations: 

What is Asymptotic Notation? 

Whenever we want to perform analysis of an algorithm, we need to calculate the complexity of 

that algorithm. But when we calculate the complexity of an algorithm it does not provide the 
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exact amount of resource required. So instead of taking the exact amount of resource, we 

represent that complexity in a general form (Notation) which produces the basic nature of that 

algorithm. We use that general form (Notation) for analysis process. 

Asymptotic notation of an algorithm is a mathematical representation of its complexity. 

 Note - In asymptotic notation, when we want to represent the complexity of an algorithm, we 

use only the most significant terms in the complexity of that algorithm and ignore least 

significant terms in the complexity of that algorithm (Here complexity can be Space Complexity 

or Time Complexity). 

For example, consider the following time complexities of two algorithms... 

 Algorithm 1 : 5n2 + 2n + 1 

 Algorithm 2 : 10n2 + 8n + 3 

Generally, when we analyze an algorithm, we consider the time complexity for larger values of 

input data (i.e. 'n' value). In above two time complexities, for larger value of 'n' the term '2n + 

1' in algorithm 1 has least significance than the term '5n2', and the term '8n + 3' in algorithm 2 

has least significance than the term '10n2'. 

Here, for larger value of 'n' the value of most significant terms ( 5n2 and 10n2 ) is very larger 

than the value of least significant terms ( 2n + 1 and 8n + 3 ). So for larger value of 'n' we ignore 

the least significant terms to represent overall time required by an algorithm. In asymptotic 

notation, we use only the most significant terms to represent the time complexity of an 

algorithm. 

 

Majorly, we use THREE types of Asymptotic Notations and those are as follows... 

1. Big - Oh (O) 

2. Big - Omega (Ω) 
3. Big - Theta (Θ) 

Big - Oh Notation (O) 

Big - Oh notation is used to define the upper bound of an algorithm in terms of Time 

Complexity. 

That means Big - Oh notation always indicates the maximum time required by an algorithm for 

all input values. That means Big - Oh notation describes the worst case of an algorithm time 

complexity. 

Big - Oh Notation can be defined as follows... 

Consider function f(n) as time complexity of an algorithm and g(n) is the most significant 

term. If f(n) <= C g(n) for all n >= n0, C > 0 and n0 >= 1. Then we can represent f(n) as 

O(g(n)). 

f(n) = O(g(n)) 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis 
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In above graph after a particular input value n0, always C g(n) is greater than f(n) which indicates 

the algorithm's upper bound. 

Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 

g(n) = n 

If we want to represent f(n) as O(g(n)) then it must satisfy f(n) <= C g(n) for all values of C > 

0 and n0>= 1 

f(n) <= C g(n) ⇒3n + 2 <= C n 

Above condition is always TRUE for all values of C = 4 and n >= 2. 

By using Big - Oh notation we can represent the time complexity as follows... 

3n + 2 = O(n) 

Big - Omege Notation (Ω) 

Big - Omega notation is used to define the lower bound of an algorithm in terms of Time 

Complexity. 

That means Big-Omega notation always indicates the minimum time required by an algorithm 

for all input values. That means Big-Omega notation describes the best case of an algorithm time 

complexity. 

Big - Omega Notation can be defined as follows... 
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Consider function f(n) as time complexity of an algorithm and g(n) is the most significant 

term. If f(n) >= C g(n) for all n >= n0, C > 0 and n0 >= 1. Then we can represent f(n) as 

Ω(g(n)). 

f(n) = Ω(g(n)) 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis 

 
In above graph after a particular input value n0, always C g(n) is less than f(n) which indicates 

the algorithm's lower bound. 

Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 

g(n) = n 
If we want to represent f(n) as Ω(g(n)) then it must satisfy f(n) >= C g(n) for all values of C > 

0 and n0>= 1 

f(n) >= C g(n) ⇒3n + 2 >= C n 

Above condition is always TRUE for all values of C = 1 and n >= 1. 

By using Big - Omega notation we can represent the time complexity as follows... 

3n + 2 = Ω(n) 

B. Venkatesu Goud, Assistant Professor



Big - Theta Notation (Θ) 

Big - Theta notation is used to define the average bound of an algorithm in terms of Time 

Complexity. 

That means Big - Theta notation always indicates the average time required by an algorithm for 

all input values. That means Big - Theta notation describes the average case of an algorithm time 

complexity. 

Big - Theta Notation can be defined as follows... 

Consider function f(n) as time complexity of an algorithm and g(n) is the most significant 

term. If C1 g(n) <= f(n) <= C2 g(n) for all n >= n0, C1 > 0, C2 > 0 and n0 >= 1. Then we can 

represent f(n) as Θ(g(n)). 

f(n) = Θ(g(n)) 

Consider the following graph drawn for the values of f(n) and C g(n) for input (n) value on X-

Axis and time required is on Y-Axis 

 
In above graph after a particular input value n0, always C1 g(n) is less than f(n) and C2 g(n) is 

greater than f(n) which indicates the algorithm's average bound. 

Example 

Consider the following f(n) and g(n)... 

f(n) = 3n + 2 
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g(n) = n 
If we want to represent f(n) as Θ(g(n)) then it must satisfy C1 g(n) <= f(n) <= C2 g(n) for all 

values of C1 > 0, C2 > 0 and n0>= 1 

C1 g(n) <= f(n) <= C2 g(n) ⇒C1 n <= 3n + 2 <= C2 n 

Above condition is always TRUE for all values of C1 = 1, C2 = 4 and n >= 2. 

By using Big - Theta notation we can represent the time compexity as follows... 

3n + 2 = Θ(n) 
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Applications of AVL Tree: 

 

1. AVL Tree is used as a first example self balancing BST in teaching DSA as it is easier to 

understand and implement compared to Red Black 

2. Applications, where insertions and deletions are less common but frequent data lookups 

along with other operations of BST like sorted traversal, floor, ceil, min and max. 

3. Red Black tree is more commonly implemented in language libraries like map in C++, set 

in C++, TreeMap in Java and TreeSet in Java. 

4. AVL Trees can be used in a real time environment where predictable and consistent 

performance is required. 

 

Advantages of AVL Tree: 

 
1. AVL trees can self-balance themselves and therefore provides time complexity as O(log 

n) for search, insert and delete. 

2. As it is a balanced BST, so items can be traversed in sorted order. 

3. Since the balancing rules are strict compared to Red Black Tree, AVL trees in general have 

relatively less height and hence the search is faster. 

4. AVL tree is relatively less complex to understand and implement compared to Red Black 

Trees. 

 

Disadvantages of AVL Tree: 

 
1. It is difficult to implement compared to normal BST. 

2. Less used compared to Red-Black trees. Due to its rather strict balance. 

3. AVL trees provide complicated insertion and removal operations as more rotations are 

performed. 

 

B Trees: 

A B-tree is a self-balancing tree data structure that maintains sorted data and allows searches, 

sequential access, insertions, and deletions in logarithmic time. It is commonly used in databases 

and file systems. 

B-trees are always balanced, meaning that all leaf nodes are at the same depth. This ensures that 

the time complexity for search, insert, delete, and traverse operations remains efficient. 

Properties of B Tree: 

The following are some important properties of a B Tree: 

1. Every node has at most m children, where m is the order of the B Tree. 

2. A node having K children consists of K-1 keys. 

3. Every non-leaf node, excluding the root node, must have at least [m/2] child nodes. 

4. The root node must have at least two children if it is not the leaf node. 
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5. Unlike the other trees, the height of a B Tree increases upwards toward the root node, and 

the insertion happens at the leaf node. 

6. The Time Complexity of all the operations of a B Tree is O(log n), where 'n' is the 

number of data elements present in the B Tree. 

 

Insertion in B-Trees: 

1. Find the Leaf Node: 

o Traverse the tree to find the appropriate leaf node for the new key. 

2. Insert the Key: 

o Add the key in sorted order within the leaf node. 

3. Handle Overflow by Splitting: 

o If the leaf node is full, split it into two nodes, and promote the middle key to the 

parent. 

4. Propagate Splits Upward: 

o If necessary, continue splitting up the tree, which may result in creating a new 

root. 

 

Let us understand the steps mentioned above with the illustrations shown below. 

Suppose that the following are some data elements that need to be inserted in a B Tree: 7, 8, 9, 

10, 11, 16, 21, and 18. 

1. Since the maximum degree of a node in the tree is 3; therefore, the maximum number of keys 

per node will be 3 - 1 = 2. 

2. We will start by inserting data element 7 in the empty tree. 

 

Figure 2.1: Inserting 7 

3. We will insert the next data element, i.e., 8, into the tree. Since 8 is greater than 7, it will be 

inserted to the right of 7 in the same node. 
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Figure 2.2: Inserting 8 

4. Similarly, we will insert another data element, 9, into the tree on the same to the right of 8. 

However, since the maximum number of keys per node can only be 2, the node will split, 

pushing the median key 8 upward, making 7 the key of the left child node and 9 the key of the 

right child node. 

 

Figure 2.3: Inserting 9 

5. We will insert the next data element, i.e., 10, into the tree. Since 10 is greater than 9, it will be 

inserted as a key on the right of the node containing 9 as a key. 

 

Figure 2.4: Inserting 10 

6. We will now insert another data element, 11, into the tree. Since 11 is greater than 10, it should 

be inserted to the right of 10. However, as we know, the maximum number of keys per node 

cannot be more than 2; therefore, 10 being the median, will be pushed to the root node right to 8, 

splitting 9 and 11 into two separate nodes. 
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Figure 2.5: Inserting 11 

7. We will now insert data element 16 into the tree. Since 16 is greater than 11, it will be inserted 

as a key on the right of the node consisting of 11 as a key. 

 

Figure 2.6: Inserting 16 

8. The next data element that we will insert into the tree is 21. Element 21 should be inserted to 

the right of 16; however, it will exceed the maximum number of keys per node limit. Therefore, a 

split will occur, pushing the median key 16 upward and splitting the left and right keys into 

separate nodes. But this will again violate the maximum number of keys per node limit; 

therefore, a split will once again push the median key 10 upward a root node and 

make 8 and 11 its children. 
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Figure 2.7: Inserting 21 

9. At last, we will insert data element 18 into the tree. Since 18 is greater than 16 but less 

than 21, it will be inserted as the left key in the node consisting of 21. 

 

Figure 2.8: Inserting 18 
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10. Hence the resulted B Tree will be as shown below: 

 

Figure 2.9: The Resulted B Tree 

 

 

 

 

 

 

Deletion from a B-tree 

Deleting an element on a B-tree consists of three main events: searching the node where the key to be 

deleted exists, deleting the key and balancing the tree if required. 

While deleting a tree, a condition called underflow may occur. Underflow occurs when a node contains 

less than the minimum number of keys it should hold. 

The terms to be understood before studying deletion operation are: 

1. Inorder Predecessor 

The largest key on the left child of a node is called its inorder predecessor. 

2. Inorder Successor 

The smallest key on the right child of a node is called its inorder successor. 

 

Deletion Operation 
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Before going through the steps below, one must know these facts about a B tree of degree m. 

1. A node can have a maximum of m children. (i.e. 3) 

2. A node can contain a maximum of m - 1 keys. (i.e. 2) 

3. A node should have a minimum of ⌈m/2⌉ children. (i.e. 2) 

4. A node (except root node) should contain a minimum of ⌈m/2⌉ - 1 keys. (i.e. 1) 

There are three main cases for deletion operation in a B tree. 

Case I 

The key to be deleted lies in the leaf. There are two cases for it. 

1. The deletion of the key does not violate the property of the minimum number of keys a node 

should hold. 

 

In the tree below, deleting 32 does not violate the above properties.

Deleting a leaf key (32) from B-tree 

2. The deletion of the key violates the property of the minimum number of keys a node should hold. 

In this case, we borrow a key from its immediate neighboring sibling node in the order of left to 

right. 
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First, visit the immediate left sibling. If the left sibling node has more than a minimum number of 

keys, then borrow a key from this node. 

 

Else, check to borrow from the immediate right sibling node. 

 

In the tree below, deleting 31 results in the above condition. Let us borrow a key from the left 

sibling node.
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Deleting a leaf key (31)If both the immediate sibling nodes already have a minimum number of 

keys, then merge the node with either the left sibling node or the right sibling node. This 

merging is done through the parent node. 

 

Deleting 30 results in the above case. 

 

Delete a leaf key (30) 
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Case II 

If the key to be deleted lies in the internal node, the following cases occur. 

1. The internal node, which is deleted, is replaced by an inorder predecessor if the left child has 

more than the minimum number of keys.

Deleting an internal node (33) 
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2. The internal node, which is deleted, is replaced by an inorder successor if the right child has more 

than the minimum number of keys. 

3. If either child has exactly a minimum number of keys then, merge the left and the right children. 

 

Deleting an internal node (30)After merging if the parent node has less than the minimum number 

of keys then, look for the siblings as in Case I. 

Case III 
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In this case, the height of the tree shrinks. If the target key lies in an internal node, and the deletion of the 

key leads to a fewer number of keys in the node (i.e. less than the minimum required), then look for the 

inorder predecessor and the inorder successor. If both the children contain a minimum number of keys 

then, borrowing cannot take place. This leads to Case II(3) i.e. merging the children. 

Again, look for the sibling to borrow a key. But, if the sibling also has only a minimum number of keys 

then, merge the node with the sibling along with the parent. Arrange the children accordingly (increasing 

order). 

Deleting an internal node (10) 

 

Advantages: 

1. Balanced Tree: All leaves are at the same level, ensuring consistent performance. 

2. Efficient Searching: Fast search operations with O(log n) time complexity. 

3. Disk-Friendly: Minimizes disk I/O by storing multiple keys per node. 

4. Efficient Insertions/Deletions: Maintains balance and performance with O(log n) complexity. 

5. Handles Large Data: Good for large datasets and storage systems. 

Disadvantages: 
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1. Complex Implementation: More complex to implement than simpler trees. 

2. Memory Overhead: Uses more memory per node due to multiple keys and pointers. 

3. Not Ideal for In-Memory: Less efficient for in-memory data compared to other trees. 

4. Node Operations: Splitting and merging nodes can be complex and costly. 

5. Small Node Size Issues: Small nodes can lead to decreased performance. 

 

Applications 

 Databases: For indexing and speeding up queries. 

 File Systems: To organize and access files and directories. 

 Key-Value Stores: To manage and retrieve data efficiently. 

 Operating Systems: For managing virtual memory and page tables. 

 Search Engines: For indexing and fast retrieval of search results. 

 Network Routers: To manage routing tables for packet delivery. 

 Data Warehousing: To efficiently organize and query large datasets. 

 Geospatial Systems: For indexing and querying spatial data. 
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UNIT – II 

 

Heap Trees (Priority Queues) – Min and Max Heaps, Operations and 
Applications.   
 
Graphs – Terminology, Representations, Basic Search and Traversals, 
Connected Components and Biconnected Components, applications. 
 

  Divide and Conquer: The General Method, Quick Sort, Merge Sort, 
Strassen’s           
   matrix multiplication, Convex Hull. 
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