Machine Learning Unit V

@ PYQ-Based Important Questions — Detailed Exam

Answers

Q1. Explain Naive Bayes Classifier

Definition

Naive Bayes Classifier is a probabilistic classification algorithm based on Bayes Theorem. It

assumes that all features are independent of each other.

Easy Explanation

Naive Bayes predicts the class of data by calculating probability.

Example:

Email contains: Free, Offer, Prize

Prediction: Spam

It checks which class has the highest probability and assigns that class.

Bayes Formula

P(C|X) = P(X|C) x P(C) / P(X)



Where:

Term
C

X
P(C
P(X
P(C)
P(X)

Working Steps

Meaning

Class

Features

X)

C)

Prior probability of class

Evidence

1. Collect training data.

2. Calculate prior probability of each class.

3. Calculate probability of each feature for every class.

4. Apply Bayes theorem.

5. Select class with highest probability.
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Type Use

Multinomial Naive Bayes Text classification
Bernoulli Naive Bayes Binary features
Advantages

Simple and easy to implement

Fast classification

Works well with text data

Requires less training data

Good for high-dimensional data

Disadvantages

e Assumes features are independent
e Accuracy decreases if features are highly related

¢ Probability estimation may be difficult for rare features

Applications

Spam email detection

Sentiment analysis

e Document classification

Medical diagnosis

News categorization

Conclusion

Naive Bayes is a simple, fast and effective probabilistic classifier widely used for classification

problems, especially text classification.

Q2. Explain Bayesian Learning



Definition

Bayesian Learning is a machine learning approach based on probability theory and Bayes

Theorem. It updates beliefs or predictions when new evidence is available.

Easy Explanation

Bayesian Learning works like human decision making.

Example:

Before test: Disease chance is low

After positive test: Disease chance increases

This means probability changes after new evidence.

Bayes Theorem

P(H|D) = P(D|H) x P(H) / P(D)

Where:
Term Meaning
H Hypothesis
D Data
P(H) Prior probability
P(D H)
P(H D)

P(D) Evidence



Important Terms

Term

Prior Probability
Likelihood

Posterior Probability

Evidence

Working Steps

1. Start with prior probability.

2. Observe new data or evidence.
3. Apply Bayes theorem.

4. Update probability.

5. Make final prediction.

Diagram
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Example

Suppose a student studies regularly.

Meaning

Initial belief before data

Probability of data given hypothesis
Updated belief after data

Observed data



Prior: Chance of passing = 60%
Evidence: Student scored well in test

Posterior: Chance of passing increases

Advantages

Handles uncertainty well

Learns from new evidence

Useful with small data

Gives probability-based output

Disadvantages

¢ Requires probability calculations
¢ Can be complex for many variables

e Wrong prior probability can affect results

Applications

Medical diagnosis

Weather prediction

Risk analysis

Spam filtering

Fraud detection

Conclusion

Bayesian Learning is an important probabilistic learning method that updates predictions using

new evidence and Bayes theorem.

Q3. Explain Bayesian Belief Networks



Definition

Bayesian Belief Network is a graphical probabilistic model that represents relationships among

variables using a directed graph.

Easy Explanation

It shows how one event affects another event using probability.

Example:

Rain — Wet Road — Accident

Rain increases the chance of wet road, and wet road increases accident probability.

Structure of Bayesian Belief Network

Component Meaning
Node Variable
Edge Dependency
Probability Table Shows conditional probabilities
Diagram
Rain
!
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Accident



Features

Uses directed graph
¢ Represents uncertain knowledge

¢ Shows cause-effect relationship

Uses conditional probability

Working Steps

1. Identify variables.

2. Create nodes for variables.

3. Add directed edges between dependent variables.
4. Assign probability values.

5. Use probability reasoning for prediction.

Advantages

Handles uncertainty

Shows relationships clearly

Useful for complex decision making

Supports probabilistic reasoning

Disadvantages

¢ Difficult to build for large systems
¢ Requires probability tables

¢ Complex calculations for many variables

Applications

Medical diagnosis

Fault detection

Risk analysis

Decision support systems



e Weather prediction

Conclusion

Bayesian Belief Network is a useful probabilistic graphical model that represents dependency

among variables and supports decision making under uncertainty.

Q4. Explain Frequent Pattern Mining

Definition

Frequent Pattern Mining is a data mining technique used to find patterns, itemsets or relationships

that appear frequently in a dataset.

Easy Explanation

It finds items that occur together again and again.

Example:
Customers who buy Bread often buy Butter.

This pattern can help shops arrange products and give offers.

Important Terms

Term Meaning

[temset Collection of items

Frequent Itemset [temset appearing frequently
Support Frequency of itemset

Confidence Strength of association rule



Example

Transaction data:

Transaction Items

T1 Milk, Bread

T2 Milk, Bread, Butter
T3 Bread, Butter

Frequent pattern:

Bread — Butter

Working Steps

1. Scan transaction database.

2. Find frequently occurring items.
3. Generate frequent itemsets.

4. Create association rules.

5. Select strong rules using support and confidence.
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Applications

Market basket analysis

Product recommendation

Web usage mining

Fraud detection

Customer behavior analysis

Advantages

Finds hidden patterns

Helps business decision making

Improves recommendation systems

Useful for large databases

Disadvantages

e High computation for large data
e Too many patterns may be generated

¢ Requires minimum support and confidence values

Conclusion

Frequent Pattern Mining discovers useful repeated patterns from large datasets and is widely used

in market basket analysis and recommendation systems.

Q5. Explain Bayes Optimal Classifier

Definition

Bayes Optimal Classifier is a theoretical classifier that predicts the class with the highest posterior

probability and gives minimum possible classification error.



Easy Explanation

It checks all possible classes and selects the class with maximum probability.

Example:

P(Class A | Data) = 0.75
P(Class B | Data) = 0.25

Final Class = A

Working Steps

1. Calculate posterior probability of each class.
2. Compare all probabilities.
3. Choose class with highest probability.

4. This gives the best possible prediction.

Diagram
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Importance

¢ It gives minimum classification error.



e It is considered the best theoretical classifier.

e [t provides a benchmark for other classifiers.

Advantages

e Gives most accurate theoretical result
e Minimizes classification error

e Uses complete probability information

Disadvantages

¢ Difficult to implement practically
¢ Requires knowledge of all probabilities

e Computationally expensive

Applications

Pattern recognition

Statistical classification

Medical prediction

Decision systems

Conclusion

Bayes Optimal Classifier is an ideal probabilistic classifier that selects the most probable class

and minimizes classification error.

Q6. Explain Bayes Theorem with Example

Definition

Bayes Theorem is a mathematical formula used to calculate conditional probability.



Formula

P(A|B) = P(B|A) x P(A) / P(B)

Where:
Term Meaning
P(A B)
P(B A)
P(A) Prior probability
P(B) Evidence

Easy Explanation

Bayes theorem updates probability when new information is available.

Example

Suppose:

=
1

Student will pass
Student studies daily

(o]
1

Bayes theorem calculates:

Probability of passing if student studies daily



Real-Life Example

In medical testing:

Person has disease

Do =
1

Test is positive

Bayes theorem calculates:

Probability of disease if test is positive

Uses

¢ C(Classification

e Prediction

¢ Decision making
e Medical diagnosis

e Spam filtering

Advantages

Simple probability method

Handles uncertainty

Useful in machine learning

Helps update beliefs

Conclusion

Bayes Theorem is a fundamental probability rule used in Bayesian Learning and Naive Bayes

classification.



Q7. Differentiate Bayesian Learning and

Naive Bayes

Bayesian Learning

Bayesian Learning is a general probabilistic learning approach that uses Bayes theorem to update

predictions based on new evidence.
Naive Bayes

Naive Bayes is a specific classification algorithm based on Bayes theorem that assumes all

features are independent.

Difference Table
Bayesian Learning Naive Bayes
General learning approach Specific classification algorithm
Uses Bayes theorem broadly Uses Bayes theorem for classification
Does not always assume feature independence Assumes features are independent
Can be complex Simple and fast
Used in probabilistic reasoning Used in classification tasks
Example: Bayesian networks Example: Spam detection
Example

Bayesian Learning:

Probability of disease changes after test result



Naive Bayes:

Email classified as spam based on words

Advantages of Bayesian Learning

¢ Handles uncertainty
¢ Learns from new evidence

¢ Strong theoretical foundation

Advantages of Naive Bayes

e Simple and fast
o Works well for text classification

e Requires less training data

Conclusion

Bayesian Learning is a broad probability-based learning method, while Naive Bayes is a simple

classifier based on Bayes theorem with independence assumption.



