CS-601 MACHINE LEARNING UNIT-1
EASY TO UNDERSTAND NOTES

Introduction to Machine Learning:-

Why This Topic Exists?

Real Life Problem

Imagine ki tum Amazon par mobile search karte ho aur kuch der baad Instagram, Facebook aur
YouTube par usi mobile ke ads dikhne lagte hain.

Question:

Computer ko kaise pata chala ki tumhe mobile pasand hai?

Kya har user ke liye manually coding ki gayi hogi?

Nahi.

Yahi problem solve karne ke liye Machine Learning develop ki gayi.
Machine Learning computers ko data se seekhne ki ability deti hai.
Instead of:

Programmer — Rules — Computer

Machine Learning uses:

Data — Learning — Prediction

Beginner Explanation

Suppose tum ek teacher ho.

Tum student ko 100 cats aur 100 dogs ki photos dikhate ho.
Kuch time baad student khud identify kar leta hai:

"Ye cat hai"

"Ye dog hai"

Machine Learning bhi exactly yahi karta hai.

Computer ko bahut saara data diya jata hai.

Computer patterns identify karta hai.

Phir future me naye data par decision leta hai.

Simple definition:



Machine Learning is a technique through which computers learn from data and improve their

performance without being explicitly programmed.

Core Exam Definitions
2 Marks Definition
Machine Learning is a branch of Artificial Intelligence that enables computers to learn from data

and improve performance without explicit programming.

7 Marks Definition

Machine Learning is a branch of Artificial Intelligence that focuses on developing algorithms and
models that allow computers to learn from historical data, identify patterns, make predictions and
improve performance automatically with experience, without requiring explicit programming for

every operation.

Deep Explanation
Traditional Programming
Traditional approach:
Input Data

+

Program Rules

!

Output

Example:

Marks entered

Rule written

Result generated

Everything depends on programmer.

Machine Learning Approach
Input Data

+



Output Data

!

Learning Algorithm
!

Model

After training;:

New Input

l

Model

i

Prediction

Visual Learning Diagram
Traditional Programming
Input + Program

!

Computer

!

Output

Machine Learning

Input + Output

!

Learning Algorithm

!

Model

Model + New Input

!

Prediction

Why Machine Learning Became Important?
Because data is increasing rapidly.
Examples:

Social Media



Banking

Healthcare

E-Commerce

Education

Transportation

Humans cannot analyze billions of records manually.

Machine Learning solves this problem.

Applications of Machine Learning
1. Recommendation Systems
Netflix recommends movies.
Amazon recommends products.

Spotify recommends songs.

2. Healthcare
Disease prediction
Cancer detection

Medical image analysis

3. Banking
Fraud detection
Credit score prediction

Risk analysis

4. Social Media
Friend suggestions
Face recognition

Content recommendations

5. Education
Student performance prediction
Personalized learning

Online assessments



Types of Machine Learning

Machine Learning is mainly divided into:
Supervised Learning

Unsupervised Learning

Reinforcement Learning

Supervised Learning
Teacher supervises student.
Computer receives:

Input + Correct Output
Example:

House Size — House Price
Student Marks — Grade

Spam Email - Yes/No

Memory Trick
Supervised = Supervisor Present
Teacher is present.

Correct answer is known.

Unsupervised Learning

No teacher.

No correct answers.
Computer finds patterns itself.
Example:

Customer Segmentation
Market Analysis

Grouping Similar Products

Memory Trick
Unsupervised = Students form groups themselves

No teacher.



No labels.

Reinforcement Learning

Learning through rewards and penalties.
Example:

Video Games

Robotics

Self Driving Cars

Real-Life Examples
Student Life

Past attendance data
!

Predict future result

Mobile Apps
YouTube watches behavior
!

Recommends videos

Shopping
Amazon tracks purchases
!

Suggests products

Banking
Bank studies transaction history
l

Detects fraud

Social Media
Instagram studies likes

’



Recommends posts

PYQ Intelligence

Topic:

Introduction to Machine Learning
PYQ Frequency:
2.8.8.8.8.¢

Years Asked:

2020

2022

2024

2025

Last Asked:

2025

Question Pattern:

Explain ML

Define ML

Scope of ML

Applications of ML

Types of ML

Very High Probability Topic

Examiner Keywords
Always use these keywords:
Artificial Intelligence
Learning from Data

Pattern Recognition
Prediction

Model

Training

Experience

Automation

Data Driven



Decision Making

These keywords improve marks significantly.

7 Mark Questions

Define Machine Learning and explain its applications.

Explain traditional programming and Machine Learning approach.
Explain different types of Machine Learning.

Explain importance and need of Machine Learning.

14 Mark Questions

Explain Machine Learning in detail with architecture, working, applications, advantages and
limitations.

Explain supervised, unsupervised and reinforcement learning with examples and comparison.

Discuss the need, scope and future of Machine Learning.

Most Expected Questions
95% Probability

Explain Machine Learning with applications.

90% Probability

Differentiate traditional programming and Machine Learning.

80% Probability

Explain types of Machine Learning.

Common Mistakes
Students confuse:
Artificial Intelligence
and

Machine Learning
Remember:

Al is the parent field.

Machine Learning is a subset of Al



Al

!

Machine Learning
!

Deep Learning

Never write ML and Al as same terms.

How Examiner Gives Full Marks
Must Include:

v/ Definition

v/ Diagram

v/ Applications

v Types

v’ Real-Life Examples

v/ Conclusion

Missing diagram often reduces marks.

Topper Notes

Machine Learning = Learning from Data
ML is a subset of Al

Three Types:

Supervised

Unsupervised
Reinforcement

Most Common Applications:
Netflix

Amazon

Google

Healthcare

Banking

PYQ Frequency:
18,880,089

Very Important for Exam



Memory Retention Technique
Story Method
Imagine teaching a child to identify cats and dogs.

That child is the Machine Learning model.

Analogy Method
Teacher teaches student.
Student learns.

Computer learns from data similarly.

Visual Association
Data

l

Learning

!

Model

!

Prediction

Remember this flow.

One Minute Revision Box
Definition:

Computer learns from data.
Types:

Supervised

Unsupervised
Reinforcement
Keywords:

Prediction

Training

Model

Learning



Applications:
Netflix
Amazon
Healthcare
Banking
PYQ:
2.8, 8. 8.8

Very Important

Scope and Limitations of Machine Learning

Why This Topic Exists?

Real-Life Problem

Imagine Google Maps ko har city ke traffic rules manually program karne padte.

Ya Netflix ko har user ke liye manually movie recommendations deni padti.

Ya bank ko har transaction manually check karna padta ki fraud hai ya nahi.

Ye practically impossible hai.

Data itna zyada hai ki humans aur traditional programs efficiently handle nahi kar sakte.

Isi problem ko solve karne ke liye Machine Learning ka use kiya jata hai.

Machine Learning systems automatically data se learn karte hain aur intelligent decisions lete
hain.

Lekin har technology ki tarah Machine Learning ke bhi advantages aur limitations hote hain.

Isliye engineers ko Machine Learning ka scope aur limitations dono samajhna zaruri hai.

Beginner Explanation

Suppose tumhare paas 10 students ke marks hain.
Tum manually analyze kar sakte ho.

Lekin agar 10 lakh students ke marks ho jayein?

Tab manually analysis karna impossible ho jayega.
Machine Learning yahi kaam automatically karta hai.
Machine Learning:

Data

’



Learning

!

Prediction

Machine Learning ka scope batata hai:
"ML kaha-kaha use ho sakta hai"
Machine Learning limitations batati hain:
"ML kaha fail ho sakta hai"

Exam me dono saath poochhe jaate hain.

Core Exam Definition

2 Marks Definition

Scope of Machine Learning refers to the various areas where Machine Learning can be applied to
solve real-world problems.

Limitations of Machine Learning refer to the constraints and challenges faced while implementing

Machine Learning systems.

5 Marks Definition
The scope of Machine Learning includes its applications in healthcare, banking, education,
transportation, e-commerce and artificial intelligence systems. Limitations include dependence on

large datasets, computational cost, data quality issues and interpretability challenges.

7 Marks Definition

Machine Learning has a wide scope in modern industries due to its ability to analyze large
amounts of data and make intelligent predictions. It is used in healthcare, finance, transportation,
education and automation. However, Machine Learning also has limitations such as high data
requirements, expensive computation, bias issues, security concerns and lack of explainability in

complex models.

Scope of Machine Learning

Machine Learning is used in almost every industry.
1. Healthcare

Applications:

Disease Prediction



Cancer Detection
Medical Image Analysis
Drug Discovery
Example:

Doctors use ML to detect diseases from X-ray images.

2. Banking and Finance
Applications:

Fraud Detection

Credit Scoring

Loan Approval

Risk Analysis

Example:

Banks detect suspicious transactions using Machine Learning.

3. E-Commerce
Applications:

Product Recommendation
Customer Analysis
Demand Forecasting
Example:

Amazon recommends products based on user behavior.

4. Education

Applications:

Student Performance Prediction
Personalized Learning

Smart Assessments

Example:

Learning apps suggest courses according to student progress.

5. Transportation

Applications:



Traffic Prediction
Route Optimization
Self Driving Cars
Example:

Google Maps predicts travel time using ML.

6. Agriculture
Applications:
Crop Prediction
Disease Detection
Smart Irrigation
Example:

Farmers use ML systems to predict crop diseases.

7. Social Media
Applications:

Face Recognition

Friend Suggestions
Content Recommendation
Example:

Instagram recommends reels according to user interests.

8. Cyber Security
Applications:
Threat Detection
Malware Detection
Spam Detection
Example:

Gmail automatically filters spam emails.

Visual Learning Diagram

MACHINE LEARNING



| Healthcare | Banking | Education | E-Commerce

l

| Transport | Agriculture | Security | Social Media |

Advantages of Machine Learning

1. Automation

Tasks can be automated.

2. Better Predictions

Accurate forecasts can be generated.
3. Large Data Handling

Can process huge datasets.

4. Faster Decision Making
Real-time intelligent decisions.

5. Continuous Improvement

Models improve with more data.

Limitations of Machine Learning

Although Machine Learning is powerful, it is not perfect.

1. Large Data Requirement

Machine Learning models need huge amounts of data.

Problem:

Small datasets often produce poor results.

Example:

A student studying from only 2 questions may fail to understand the entire chapter.

Similarly ML models require lots of examples.

2. Poor Data Quality Problem



Machine Learning learns from data.
Bad Data

!

Bad Learning

i

Bad Prediction

If data contains errors, predictions become incorrect.

3. High Computational Cost
Complex ML models require:
GPUs

High RAM

Powerful Processors

Training deep learning models may take hours or days.

4. Lack of Explainability

Some models behave like black boxes.

Example:

Neural Networks may give correct output but cannot easily explain why.

This is a major issue in healthcare and banking.

5. Bias and Fairness Issues
If training data is biased:
Model becomes biased.
Example:

A hiring system trained on biased data may unfairly reject certain candidates.

6. Security Risks

Machine Learning systems can be attacked.
Examples:

Data Poisoning

Adversarial Attacks

Model Theft



7. Overfitting Problem

Model memorizes training data instead of learning patterns.
Result:

High training accuracy

Low real-world performance

8. Maintenance Requirement

Machine Learning models require continuous updates.
Because:

Data changes over time.

User behavior changes.

Market conditions change.

Scope vs Limitations
Scope

Limitations

Wide industrial applications
Large data requirement
Automation

High computational cost
Better predictions

Poor explainability
Intelligent systems

Bias issues

Real-time decisions

Security concerns

Real-Life Examples

Student Life

ML predicts exam performance.
Limitation:

Wrong attendance data gives wrong predictions.



Mobile Apps
YouTube recommends videos.
Limitation:

Sometimes recommendations become irrelevant.

Banking
Fraud detection systems use ML.
Limitation:

False fraud alerts may occur.

Shopping
Amazon recommends products.
Limitation:

Recommendations depend heavily on user history.

Social Media
Instagram recommends content.
Limitation:

Can create echo chambers.

PYQ Intelligence
Topic:

Scope and Limitations of Machine Learning
PYQ Frequency:
2. 8. 8.8 §*¢
Years Asked:
2020

2022

2024

Last Asked:

2024

Question Pattern:



Explain

Short Note

Advantages & Limitations
Application Based

Important Topic

Examiner Keywords
Use these words:
Automation
Prediction
Intelligent System
Data Driven
Decision Making
Big Data

Bias

Overfitting
Explainability

Security

Important Questions

7 Mark Questions

Explain the scope of Machine Learning with applications.

Explain limitations of Machine Learning.

Discuss advantages and disadvantages of Machine Learning.

14 Mark Questions

Explain scope and limitations of Machine Learning with suitable examples.
Discuss applications, advantages and limitations of Machine Learning.

Explain industrial applications of Machine Learning and challenges faced during implementation.

Most Expected Questions
95% Probability
Explain scope and limitations of Machine Learning.

90% Probability



Write applications of Machine Learning in different industries.
80% Probability

Discuss advantages and disadvantages of Machine Learning.

Common Mistakes

¢ Writing only advantages.

X Forgetting limitations.

X Giving examples without explanation.
¢ Not mentioning industries.

X Confusing scope with applications.

RGPV Answer Writing Format

Introduction

Machine Learning is widely used in modern intelligent systems due to its ability to learn from
data and make predictions.

Definition

Scope refers to areas where ML can be applied.
Limitations refer to constraints and challenges faced by ML systems.
Diagram

Use scope diagram showing major application areas.
Working

Data

!

Learning

l

Prediction

Advantages

Automation

Better Predictions

Scalability

Efficiency

Disadvantages

Data Dependency



High Cost

Bias

Security Issues

Applications

Healthcare, Banking, Education, E-Commerce, Transportation.
Conclusion

Machine Learning has enormous potential but must be used carefully considering its limitations.

Topper Notes

Scope = Where ML is used.

Limitation = Where ML struggles.

Healthcare, Banking, E-Commerce always mention.
Bias and Explainability are modern limitations.
Automation and Prediction are key keywords.

PYQ Frequency = % % % % <

Memory Retention Techniques

Story Method

Imagine ML as a super-smart student.
More practice data = better performance.

Wrong notes = wrong learning.

Analogy Method
Machine Learning is like learning to ride a bicycle.

More practice improves performance.

Visual Association
Data

l

Learning

l;

Prediction

Remember this flow.



One-Minute Revision Box
Scope:

Healthcare
Banking
Education
E-Commerce
Transport
Limitations:

Data Requirement
Bias

Cost

Overfitting
Security
Keywords:
Automation
Prediction
Explainability
PYQ:

188, 8. $*¢

If Exam Is Tomorrow
Learn:

Definition

8 Applications

8 Limitations

Scope vs Limitation Table
Diagram

Keywords

This alone can help answer most exam questions from this topic.

10-CGPA Mode

Must Learn



Applications
Limitations

Scope vs Limitation
Should Learn

Bias

Explainability
Security Issues
Optional

Detailed industrial examples

Read This 10 Minutes Before Exam
Remember:
Scope:
Healthcare
Banking
Education
E-Commerce
Transport
Agriculture
Limitations:
Data

Cost

Bias

Security
Overfitting
Explainability
Keywords:
Automation
Prediction
Decision Making
Most Expected Question:

"Explain Scope and Limitations of Machine Learning."



Regression in Machine Learning:-

Why This Topic Exists?

Real-Life Problem

Imagine tum ek coaching institute chalate ho.
Tumbhare paas pichle 5 saal ke students ke data hain:
Study Hours

Marks

2 Hours

45

4 Hours

60

6 Hours

75

8 Hours

88

Ab ek naya student roz 7 ghante padh raha hai.
Question:

Uske kitne marks aa sakte hain?

Yahi prediction karne ke liye Regression use hota hai.
Regression Machine Learning ka ek technique hai jo future values predict karta hai.
Examples:

House Price Prediction

Salary Prediction

Weather Forecasting

Sales Prediction

Stock Price Estimation

Regression ka main objective hai:

Known Data

!

Pattern Find Karna

l

Future Value Predict Karna



Isi wajah se Regression Machine Learning ka sabse fundamental topic mana jata hai.

Beginner Explanation

Imagine tum ek student ho.

Tum dekhte ho:

Jitna zyada padhte ho,

utne zyada marks aate hain.

Yani:

Study Hours 1

i

Marks 1t

Ye relationship hai.

Regression isi relationship ko mathematically find karta hai.
Simple language me:

Regression ek Machine Learning technique hai jo numerical values predict karti hai.
Example:

House price = ¥?

Temperature = °C?

Salary = ¥?

Sales = Units?

Regression ka answer hamesha ek number hota hai.
Memory Rule:

Regression = Predict Number

Classification = Predict Category

Core Exam Definitions
2 Marks Definition
Regression is a supervised learning technique used to predict continuous numerical values by

finding the relationship between input and output variables.

5 Marks Definition
Regression is a Machine Learning algorithm that establishes a relationship between dependent

and independent variables and predicts continuous outputs such as price, salary, temperature and



sales.

7 Marks Definition

Regression is a supervised Machine Learning technique used to analyze the relationship between
dependent and independent variables and predict continuous numerical values. It identifies
patterns from historical data and generates a mathematical model that can estimate future

outcomes accurately.

Detailed Explanation
What is Regression?
Regression is used when output is continuous.
Examples:

Problem

Output Type

House Price Prediction
Number

Temperature Prediction
Number

Salary Prediction
Number

Sales Forecasting
Number

Since output is numerical, regression is used.

Important Terminology
Independent Variable (X)
Input variable.

Example:

Study Hours

House Size

Experience

Dependent Variable (Y)



Output variable.
Example:
Marks

Salary

House Price

Dependent variable depends on independent variable.

Linear Regression

Most common regression algorithm.
Equation:

Y=mX+c

Where:

Y = Predicted Output

X = Input

m = Slope

¢ = Intercept

Visual Learning Diagram
Study Hours (X)

i

Linear Regression Model
!

Predicted Marks (Y)

Understanding Slope

Slope tells:

How much Y changes when X changes.
Example:

Every extra study hour increases marks by 5.

Slope =5

Understanding Intercept

Intercept is starting value.



If study hours = 0
Predicted marks may still be 20.

That 20 is intercept.

Working of Regression
Step 1:

Collect Data

!

Step 2:

Find Relationship
!

Step 3:

Train Model

!

Step 4:

Generate Equation
!

Step 5:

Predict Future Values

Types of Regression

1. Linear Regression
Straight-line relationship.
Example:

Study Hours vs Marks

2. Multiple Linear Regression
Multiple inputs.

Example:

Salary depends on:

Education

Experience

Skills



3. Polynomial Regression
Curved relationship.

Used when data is not linear.

4. Logistic Regression

Despite its name, used for classification.
Example:

Pass / Fail

Spam / Not Spam

Advantages of Regression

1. Easy to Understand
Simple mathematical model.
2. Fast Training
Computationally efficient.
3. Useful for Prediction
Forecast future values.

4. Highly Interpretable

Easy to explain results.

5. Widely Used

Many industries use regression.

Disadvantages of Regression

1. Sensitive to Outliers

Extreme values affect results.

2. Assumes Relationship

May fail when relationship is complex.
3. Overfitting Risk

Can memorize training data.

4. Limited for Non-Linear Problems

Linear regression works poorly on highly complex patterns.



Applications of Regression
Healthcare

Disease progression prediction.

Banking

Loan risk prediction.

Education

Student performance prediction.

E-Commerce

Sales forecasting.

Real Estate

House price prediction.

Weather Forecasting

Temperature prediction.

Real-Life Examples
Student Life

Hours Studied

!

Expected Marks

Mobile Apps
Daily Usage Time
!

Future User Engagement

Banking
Income

’



Loan Eligibility Score

Shopping
Past Sales
!

Future Sales Forecast

Social Media
Followers Growth
!

Future Reach Prediction

Visual Diagram of Regression
Historical Data

i

Regression Algorithm

!

Best Fit Line

!

Prediction

Memory Tricks

Mnemonic

Regression = Return Number
Remember:

Regression predicts numbers.

Short Trick
R = Real Numbers

Regression = Numerical Output

Exam Memory Hack

Ask yourself:



Output is Number?
YES - Regression
Output is Category?

NO - Classification

PYQ Intelligence

Topic:

Regression

PYQ Frequency:
180, 8. $%¢

Years Asked:

2020

2022

2024

Last Asked:

2024

Question Pattern:

Define Regression

Explain Linear Regression
Difference between Regression and Classification
Applications of Regression

High Probability Topic

Examiner Keywords
Always include:
Prediction
Numerical Value
Continuous Output
Independent Variable
Dependent Variable
Best Fit Line
Supervised Learning

Mathematical Model



These keywords significantly improve marks.

Important Questions

7 Mark Questions

Explain Regression in Machine Learning.
Explain Linear Regression with equation.
Discuss applications of Regression.

Differentiate Regression and Classification.

14 Mark Questions
Explain Regression in detail with working, diagram, advantages, disadvantages and applications.
Explain Linear Regression and Multiple Linear Regression with examples.

Discuss the role of Regression in Machine Learning and predictive analytics.

Most Expected Questions
95% Probability

Explain Regression in Machine Learning.

90% Probability

Explain Linear Regression with equation.

80% Probability

Differentiate Regression and Classification.

Common Mistakes
> Students think Regression predicts categories.
Wrong.

Regression predicts numbers.

X Confusing Regression with Classification.
Regression:
Salary Prediction

Classification:



Spam Detection

X Forgetting equation:
Y=mX+c

Very common mistake.

RGPV Answer Writing Format
Introduction

Regression is one of the most important supervised learning techniques used for prediction.

Definition

Regression establishes relationship between variables and predicts continuous numerical outputs.

Diagram

Input (X)

!

Regression Model
!

Output (Y)

Working

Collect Data

Train Model

Generate Best Fit Line

Predict Future Values

Advantages
Simple

Fast
Interpretable

Accurate

Disadvantages



Outlier Sensitive
Overfitting

Assumptions

Applications
Healthcare
Banking
Education

Sales Forecasting

Weather Prediction

Conclusion
Regression is a powerful predictive technique used extensively in Machine Learning for

estimating continuous values.

Marks Optimization
7 Marks

Write:

Definition

Equation

Diagram

Working
Applications
Minimum:

2-3 pages

14 Marks
Write:
Introduction
Definition
Equation
Diagram

Types



Working
Advantages
Disadvantages
Applications
Conclusion
Minimum:

4-5 pages

How Examiner Gives Full Marks
Must Include:

v/ Equation Y = mX + ¢

v/ Diagram

v/ Best Fit Line

v/ Independent Variable

v/ Dependent Variable

v/ Applications

Missing equation often reduces marks.

Topper Notes

Regression predicts numbers.

Regression is supervised learning.

Most important equation:

Y=mX+c

Output must be continuous.

Best fit line is examiner favorite keyword.
Regression # Classification.

PYQ Frequency = % % % % %

Memory Retention Techniques
Story Method
Imagine predicting your exam marks from study hours.

That is Regression.



Analogy Method

Regression is like drawing a trend line through points and extending it into the future.

Visual Association
Input

l

Best Fit Line

!

Prediction

Remember this flow.

One-Minute Revision Box
Definition:

Predicts continuous values.
Equation:

Y=mX+c

Keywords:

Prediction

Best Fit Line

Independent Variable
Dependent Variable
Applications:

Salary

House Price

Sales

Marks

PYQ:

1. 8.8, 8. $*¢

If Exam Is Tomorrow
Remember:
Regression = Predict Numbers

Equation:



Y=mX+c

Types:

Linear

Multiple

Polynomial

Keywords:

Best Fit Line

Dependent Variable
Independent Variable
Most Expected Question:

"Explain Regression and Linear Regression."

10-CGPA Mode
Must Learn
Definition

Equation

Linear Regression
Applications
Should Learn

Types of Regression
Advantages
Optional

Polynomial Regression Details

Read This 10 Minutes Before Exam
Regression:

Predicts Numerical Values
Equation:

Y=mX+c

Keywords:

Prediction

Best Fit Line

Continuous Output



Independent Variable
Dependent Variable

Most Repeated PYQ:
Explain Linear Regression
Most Expected Question:

Explain Regression in Machine Learning with suitable examples.

Probability in Machine Learning:-

Why This Topic Exists?

Real-Life Problem

Imagine tum ek bank manager ho.

Har din hazaron loan applications aati hain.

Question:

Kis customer ke loan repay karne ke chances zyada hain?

Ya tum weather department me ho.

Question:

Kal barish hone ke chances kitne hain?

Ya Gmail ko decide karna hai:

Ye email spam hai ya nahi?

Har situation me certainty (100% guarantee) possible nahi hoti.
Isliye Probability ka concept use kiya jata hai.

Probability hume batati hai:

"Kisi event ke hone ki possibility kitni hai."

Machine Learning me bhi models future ko perfectly predict nahi karte.
Wo probability ke basis par predictions karte hain.

Isi liye Probability Machine Learning ki foundation mani jati hai.

Beginner Explanation
Suppose tum ek coin toss karte ho.
Possible outcomes:

Head



Tail

Question:

Head aane ke chances kitne hain?
Answer:

50%

Yahi Probability hai.

Simple language me:

Probability kisi event ke hone ki possibility ko measure karti hai.
Probability ka value hamesha:

0 se 1 ke beech hota hai.

Where:

0 = Impossible Event

1 = Certain Event

Example:

Sun kal east se niklega.
Probability = 1

Sun west se niklega.

Probability = 0

Core Exam Definitions
2 Marks Definition

Probability is the measure of the likelihood of occurrence of an event.

5 Marks Definition
Probability is a mathematical concept used to quantify the chance of occurrence of an event. Its

value lies between 0 and 1.

7 Marks Definition
Probability is a branch of mathematics that deals with uncertainty and measures the likelihood of
occurrence of an event. It is widely used in Machine Learning, statistics and predictive analytics

for making informed decisions under uncertain conditions.

Detailed Explanation



What is Probability?

Probability measures uncertainty.

Formula:

P(E) = Favorable Outcomes / Total Outcomes
Where:

P(E) = Probability of Event E

Example 1: Coin Toss
Possible outcomes:
{Head, Tail}

Total Outcomes = 2
Favorable Outcome = 1

P(Head) = 1/2 = 0.5

Example 2: Dice Roll
Question:

Probability of getting 3.
Total outcomes = 6
Favorable outcomes = 1

P(3) = 1/6

Range of Probability
Probability Value
Meaning

0

Impossible Event
0.5

Equal Chance

1

Certain Event

Important Terminology

Experiment



Action performed.
Example:

Rolling dice.

Outcome
Result obtained.
Example:

Getting number 4.

Event
Set of outcomes.
Example:

Getting an even number.

Sample Space
All possible outcomes.
Example:

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

Types of Probability

1. Classical Probability

Based on equally likely outcomes.
Example:

Coin toss.

2. Empirical Probability
Based on observations and experiments.
Example:

Rain prediction from past weather data.

3. Subjective Probability
Based on personal judgment.

Example:



Predicting election results.

Probability in Machine Learning

Machine Learning uses probability everywhere.
Examples:

Spam Detection

Probability Email = Spam

Disease Prediction

Probability Disease = Present

Recommendation Systems

Probability User Likes Movie

Fraud Detection

Probability Transaction = Fraud

Conditional Probability

Very Important Topic

Definition:

Probability of an event occurring given that another event has already occurred.
Formula:

P(A/B)

Read as:

Probability of A given B

Example

If a student studies regularly,
Probability of passing exam increases.
Thus:

Pass depends on Study.

This is conditional probability.



Bayes Theorem

Very Important for ML
Formula:

P(A[B) = [P(B|A) x P(A)]/ P(B)
Used in:

Bayesian Learning

Spam Detection

Classification

Predictive Analytics

Visual Learning Diagram
Historical Data

!

Probability Calculation

!

Pattern Detection

l

Prediction

Advantages of Probability
1. Handles Uncertainty

Helps make decisions under uncertainty.

2. Supports Prediction

Future events can be estimated.

3. Foundation of ML

Many ML algorithms depend on probability.

4. Better Decision Making

Supports data-driven decisions.

5. Risk Analysis



Used in banking and insurance.

Limitations of Probability
1. Depends on Data

Wrong data gives wrong probabilities.

2. Not Always Certain

Probability only estimates chances.

3. Complex Calculations

Large systems require advanced mathematics.

Applications of Probability
Healthcare

Disease prediction.

Banking

Credit risk analysis.

Insurance

Claim prediction.

Weather Forecasting

Rain prediction.

Machine Learning

Classification and prediction.
Real-Life Examples
Student Life

Probability of passing exam.

Mobile Apps



Probability of clicking notification.

Banking
Probability of loan default.

Shopping

Probability of purchasing product.

Social Media

Probability of liking a post.

Memory Tricks
Mnemonic

Probability = Possibility
P - Possibility

Short Trick
0 = Impossible
1 = Certain

Remember this range.

Exam Memory Hack
Formula:
Probability = Favorable / Total

This formula appears frequently.

PYQ Intelligence
Topic:
Probability

PYQ Frequency:
L. 8. 8. $*¢
Years Asked:
2020



2022

2024

Last Asked:

2025

Question Pattern:

Define Probability
Explain Probability in ML
Conditional Probability
Bayes Theorem

High Importance Topic

Examiner Keywords
Always include:
Likelihood

Uncertainty

Event

Sample Space
Prediction

Conditional Probability
Bayes Theorem

Machine Learning

Important Questions

7 Mark Questions

Explain Probability with examples.

Explain role of Probability in Machine Learning.
Explain Conditional Probability.

Explain Bayes Theorem.

14 Mark Questions
Explain Probability in detail with formula, applications and examples.
Explain Conditional Probability and Bayes Theorem with suitable examples.

Discuss importance of Probability in Machine Learning and predictive analytics.



Most Expected Questions

95% Probability

Explain Probability and its role in Machine Learning.
90% Probability

Explain Conditional Probability.

80% Probability

Explain Bayes Theorem.

Common Mistakes

Y Students memorize formula but cannot explain event and sample space.
X Confusing Probability with Statistics.

X Forgetting range:

0<P(E)<1

¢ Writing formula without example.

RGPV Answer Writing Format

Introduction

Probability is a mathematical tool used to measure uncertainty and support prediction.
Definition

Probability measures the likelihood of occurrence of an event.
Diagram

Event

l

Probability

!

Prediction

Working

Identify event

Count favorable outcomes

Count total outcomes

Apply formula

Advantages



Prediction

Risk Analysis
Better Decisions
Disadvantages
Depends on Data
Not Exact
Applications
Healthcare
Banking

Weather

Machine Learning
Conclusion
Probability is a fundamental concept used in Machine Learning to make intelligent predictions

under uncertainty.

Marks Optimization

7 Marks

Write:

Definition

Formula

Example

Applications
Conditional Probability
Minimum:

2-3 pages

14 Marks
Write:
Introduction
Definition
Formula
Types

Conditional Probability



Bayes Theorem
Applications
Advantages
Conclusion
Minimum:

4-5 pages

How Examiner Gives Full Marks
v/ Formula

v/ Example

v/ Conditional Probability

v/ Bayes Theorem

v/ Applications

v/ Keywords

Topper Notes

Probability measures uncertainty.

Formula:

P(E)=Favorable Outcomes/Total Outcomes
Range:

Otol

Bayes Theorem is very important.
Conditional Probability is examiner favorite.
ML uses probability for prediction.

PYQ Frequency = % % % % <

One-Minute Revision Box
Definition:

Likelihood of event.
Formula:
P(E)=Favorable/Total
Keywords:

Event



Sample Space
Prediction

Bayes Theorem
Applications:
Spam Detection
Fraud Detection
Disease Prediction
PYQ:

Y % Kk

If Exam Is Tomorrow
Remember:

Formula
P(E)=Favorable/Total
Range:

0<PE)<1

Important Topics:
Event

Sample Space
Conditional Probability
Bayes Theorem

Most Expected Question:

"Explain Probability and its role in Machine Learning.

10-CGPA Mode

Must Learn

Definition

Formula

Conditional Probability
Bayes Theorem

Should Learn

Types of Probability

Applications



Optional

Advanced Examples

Read This 10 Minutes Before Exam
Probability = Chance of Event

Formula:

P(E)=Favorable Outcomes / Total Outcomes
Important:

Event

Outcome

Sample Space

Conditional Probability

Bayes Theorem

Most Repeated PYQ:

Explain Probability in Machine Learning.
Most Expected Question:

Explain Probability with examples and applications.

Statistics in Machine Learning:-

Why This Topic Exists?

Real-Life Problem

Imagine tum ek college ke HOD ho.

Tumbhare paas 500 students ke marks ka data hai.

Question:

Class ka average performance kya hai?

Sabse common marks kitne aaye?

Students ke marks kitne spread hue hain?

Agle semester ka result kaisa ho sakta hai?

Sirf raw data dekhkar answer nikalna difficult hai.

Isi problem ko solve karne ke liye Statistics ka use hota hai.
Statistics large data ko summarize, analyze aur understand karne me help karta hai.

Machine Learning me data hi sab kuch hota hai.



Aur data ko samajhne ke liye Statistics zaruri hai.

Isliye Statistics ko Machine Learning ki backbone bhi kaha jata hai.

Beginner Explanation

Suppose tumbhare class ke marks hain:

50, 60, 70, 80, 90

Teacher poochta hai:

"Class ka average performance kya hai?"

Tum average nikalte ho.

Ye Statistics hai.

Statistics simple language me:

Data ko collect, organize, analyze aur interpret karne ki science hai.
Machine Learning model train karne se pehle data ko samajhna padta hai.
Statistics hume batata hai:

Data ka behavior kya hai?

Data reliable hai ya nahi?

Prediction kitna accurate ho sakta hai?

Core Exam Definitions
2 Marks Definition

Statistics is the science of collecting, organizing, analyzing and interpreting data.

5 Marks Definition
Statistics is a branch of mathematics that deals with data collection, organization, analysis and

interpretation to support decision making and prediction.

7 Marks Definition
Statistics is a mathematical discipline that focuses on collecting, organizing, analyzing and
interpreting data. It helps identify patterns, trends and relationships within data and plays an

important role in Machine Learning, data science and predictive analytics.

Detailed Explanation

What is Statistics?



Statistics converts raw data into useful information.
Raw Data

!

Analysis

l

Information

l

Decision Making

Machine Learning relies heavily on statistical concepts.
Without Statistics:

Data understanding impossible

Prediction difficult

Model evaluation inaccurate

Types of Statistics

1. Descriptive Statistics
Used to summarize data.
Answers:

What happened?

What does data look like?
Examples:

Mean

Median

Mode

Variance

Standard Deviation

2. Inferential Statistics

Used to make predictions.
Answers:

What may happen in future?
What conclusions can be drawn?

Examples:



Hypothesis Testing
Confidence Intervals

Probability Estimation

Visual Learning Diagram
Raw Data

!

Statistics

!

Pattern Analysis

!

Machine Learning Model
!

Prediction

Important Statistical Measures

Mean (Average)

Most commonly used measure.

Formula:

Mean = Sum of Observations / Number of Observations
Example:

Marks:

50, 60, 70

Mean = (50+60+70)/3

=60

Median

Middle value after sorting data.

Example:
10, 20, 30, 40, 50
Median = 30

Mode



Most frequently occurring value.
Example:

10, 20, 20, 30

Mode = 20

Memory Trick

Mean = Average

Median = Middle

Mode = Maximum Repetition
MMM Rule

Mean

Median

Mode

Variance

Variance measures spread of data.

Question:

Data average ke aas paas hai ya bahut scattered hai?
Variance iska answer deta hai.

Low Variance:

Data close together

High Variance:

Data widely spread

Standard Deviation

Standard deviation variance ka square root hota hai.
Formula:

SD = V/Variance

It measures:

How much data varies from mean.

Example

Class A:



50

51

52

53

Class B:

10

50

90

130

Dono ka mean similar ho sakta hai.

Lekin Class B ka standard deviation zyada hoga.

Importance of Statistics in Machine Learning
1. Data Understanding

Helps understand data patterns.

2. Feature Selection

Important features identify karne me help karta hai.

3. Data Cleaning

Outliers detect karne me help karta hai.

4. Model Evaluation

Model accuracy measure karne me help karta hai.

5. Prediction

Future trends estimate karne me useful.
Applications of Statistics
Healthcare

Patient data analysis.

Banking



Risk assessment.

Education

Student performance analysis.

E-Commerce

Customer behavior analysis.

Weather Forecasting

Climate prediction.

Machine Learning

Data preprocessing and model evaluation.

Real-Life Examples
Student Life

Class average marks calculation.

Mobile Apps

User engagement analysis.

Banking

Customer spending behavior.

Shopping

Sales trend analysis.

Social Media

Likes, shares and engagement analysis.

Advantages of Statistics
1. Better Decision Making

Data-based decisions possible.



2. Trend Analysis

Future trends identified.

3. Data Summarization

Large data becomes manageable.

4. Prediction Support

Helps Machine Learning models.

5. Improved Accuracy

Better understanding of data.

Limitations of Statistics
1. Depends on Data Quality

Bad data gives wrong conclusions.

2. Complex Calculations

Large datasets may require advanced methods.

3. Misinterpretation Risk

Wrong interpretation leads to wrong decisions.

4. Cannot Guarantee Accuracy

Statistics provides estimates, not certainty.

PYQ Intelligence
Topic:

Statistics

PYQ Frequency:
L. 8. 8. $*¢
Years Asked:
2020



2022

2024

Last Asked:

2025

Question Pattern:

Define Statistics

Role of Statistics in ML

Mean, Median, Mode

Variance and Standard Deviation

Important Topic

Examiner Keywords
Always include:
Data Analysis

Data Interpretation
Mean

Median

Mode

Variance

Standard Deviation
Decision Making

Prediction

Important Questions

7 Mark Questions

Explain Statistics and its importance in Machine Learning.
Explain Mean, Median and Mode with examples.

Explain Variance and Standard Deviation.

Discuss applications of Statistics in Machine Learning.

14 Mark Questions
Explain Statistics in detail with types, measures and applications.

Discuss the role of Statistics in Machine Learning and predictive analytics.



Explain Mean, Median, Mode, Variance and Standard Deviation with examples.

Most Expected Questions

95% Probability

Explain Statistics and its role in Machine Learning.
90% Probability

Explain Mean, Median and Mode.

80% Probability

Explain Variance and Standard Deviation.

Common Mistakes

X Confusing Mean and Median.

X Forgetting formulas.

¢ Writing definitions without examples.

¢ Ignoring Variance and Standard Deviation.

> Treating Statistics and Probability as same concepts.

RGPV Answer Writing Format

Introduction

Statistics is an important branch of mathematics used to analyze and interpret data.
Definition

Statistics deals with collection, organization, analysis and interpretation of data.
Diagram

Data

l

Statistical Analysis

l

Pattern Detection

l

Prediction

Working

Collect Data

Organize Data



Analyze Data
Interpret Results
Advantages
Better Decisions
Trend Analysis
Prediction
Disadvantages
Data Dependency
Complexity
Applications
Healthcare
Banking
Education
Machine Learning
Conclusion
Statistics provides the mathematical foundation required for effective Machine Learning and data-

driven decision making.

Marks Optimization
7 Marks

Write:

Definition

Types

Mean

Median

Mode

Applications
Minimum:

2-3 pages

14 Marks
Write:

Introduction



Definition
Types

Mean
Median
Mode
Variance
Standard Deviation
Applications
Advantages
Conclusion
Minimum:

4-5 pages

How Examiner Gives Full Marks
v/ Mean Formula

v/ Median Explanation

v Mode Explanation

v/ Variance

v/ Standard Deviation

v/ Applications

v/ Diagram

Topper Notes

Statistics = Data Analysis Science.
Two Types:

Descriptive

Inferential

MMM Rule:

Mean, Median, Mode

Variance measures spread.
Standard Deviation = V' Variance.
ML depends heavily on Statistics.
PYQ Frequency = % % % % <



Memory Retention Techniques
Story Method
Imagine teacher analyzing class marks.

That entire process is Statistics.

Analogy Method
Statistics is like a microscope.

It helps us see patterns hidden inside data.

Visual Association
Data

!

Statistics

l

Pattern

l

Prediction

Remember this flow.

One-Minute Revision Box
Statistics:

Collection + Analysis + Interpretation
Types:

Descriptive

Inferential

MMM:

Mean

Median

Mode

Variance:

Spread of Data

Standard Deviation:



VVariance
PYQ:
* % K Kk

If Exam Is Tomorrow
Remember:

Definition

MMM Rule

Variance

Standard Deviation
Types of Statistics
Applications in ML
Most Expected Question:

"Explain Statistics and its importance in Machine Learning."

10-CGPA Mode
Must Learn
Definition
Types

Mean

Median

Mode

Variance
Should Learn
Standard Deviation
Applications
Optional

Advanced Statistical Concepts

Read This 10 Minutes Before Exam
Statistics = Data Analysis
Important Terms:

Mean



Median

Mode

Variance

Standard Deviation

Types:

Descriptive Statistics

Inferential Statistics

Most Repeated PYQ:

Explain Mean, Median and Mode.
Most Expected Question:

Explain Statistics and its role in Machine Learning with examples.

Linear Algebra for Machine Learning:-

Why This Topic Exists?

Real-Life Problem

Imagine tum Instagram par photo upload karte ho.

Question:

Computer kaise samajhta hai ki photo me cat hai ya dog?

Ya Netflix kaise decide karta hai ki kaunsi movie recommend karni hai?
Ya ChatGPT kaise words ko process karta hai?

Reality:

Computer text, image aur video ko directly nahi samajhta.

Computer sirf numbers samajhta hai.

In numbers ko efficiently represent aur process karne ke liye Linear Algebra use hota hai.
Machine Learning ke almost har algorithm me Linear Algebra use hota hai.
Without Linear Algebra:

¢ Neural Networks impossible

2 Deep Learning impossible

¢ Computer Vision impossible

¢ Recommendation Systems impossible

Isliye Linear Algebra ko Machine Learning ki mathematical language kaha jata hai.



Beginner Explanation

Suppose tumhare paas ek student ka data hai:

Name = Rahul
Age =20
Marks = 85

Computer Rahul ko directly nahi samajhta.
Computer isko numbers ke form me represent karta hai.
Example:

[20, 85]

Ye Vector hai.

Ab agar 100 students ka data ho:

Tab multiple vectors milkar Matrix banate hain.
Machine Learning me:

Data

!

Vectors

!

Matrices

!

Calculations

!

Predictions

Yahi Linear Algebra ka role hai.

Core Exam Definitions
2 Marks Definition
Linear Algebra is a branch of mathematics that deals with vectors, matrices and linear equations

used for representing and processing data.

5 Marks Definition
Linear Algebra is a mathematical framework used in Machine Learning for handling vectors,
matrices and transformations. It provides efficient methods for representing data and performing

computations.



7 Marks Definition

Linear Algebra is a branch of mathematics concerned with vectors, matrices, linear
transformations and systems of linear equations. It forms the mathematical foundation of Machine
Learning and is widely used in data representation, optimization, neural networks and predictive

modeling.

Detailed Explanation
What is Linear Algebra?
Linear Algebra deals with:
Scalars

Vectors

Matrices

Tensors

These structures help computers process large amounts of data efficiently.

Scalar

A scalar is a single numerical value.
Examples:

5

10

100

3.14

Temperature = 30°C

Salary = ¥50,000

All are scalars.

Visual Diagram
Single Value

!

Scalar
Example:

25



Vector

A vector is a collection of numbers arranged in order.
Example:

Student Data:

Age =20

Marks = 85

Attendance = 90

Vector:

[20, 85, 90]

Visual Diagram
Age

Marks
Attendance

!

[20, 85, 90]

!

Vector

Matrix

A matrix is a collection of rows and columns.
Example:

Student

Marks

A

80

B

90

C

70

Matrix Representation:

180]



190]

170]

More commonly:
|80 90

|70 85

Visual Diagram
Multiple Vectors
!

Matrix

!

Dataset Representation

Tensor

Tensor is a multi-dimensional matrix.
Examples:

Images

Videos

Deep Learning Data

Tensor is widely used in:

TensorFlow

PyTorch

Deep Learning

Memory Trick

Scalar = Single Number
Vector = List of Numbers
Matrix = Table of Numbers
Tensor = Multiple Tables
Remember:

S V_-MoT

Scalar

Vector



Matrix

Tensor

Operations in Linear Algebra
1. Vector Addition

Example:

A=11,2]

B =1[3,4]

A+B

[4,6]

2. Matrix Addition
Matrices of same size can be added.
Example:

12]

3 4]

|4 6]

3. Matrix Multiplication

Very important in Machine Learning.
Example:

Input Data

X

Weights

!

Prediction

Neural Networks heavily use matrix multiplication.

Why Matrix Multiplication is Important?

Neural Network Formula:



Output

Input x Weight + Bias
Everything depends on matrix multiplication.
Without it:

Deep Learning cannot work.

Linear Algebra in Machine Learning
1. Data Representation

Datasets stored as matrices.

2. Neural Networks

Weights stored as matrices.

3. Deep Learning

Tensor operations used extensively.

4. Computer Vision

Images represented as matrices.

5. Natural Language Processing

Words converted into vectors.

Example: Image Representation
Image:

100 x 100 pixels

!

10000 values

!

Matrix

Computer sees image as matrix.

Not as picture.



Example: ChatGPT
Sentence:

"I love Machine Learning"
l

Word Vectors

!

Matrix Operations

!

Prediction

Applications of Linear Algebra
Healthcare

Medical image processing.

Banking

Fraud detection systems.

E-Commerce

Recommendation engines.

Social Media

Content ranking.

Computer Vision

Image recognition.

Natural Language Processing

Language understanding.

Advantages of Linear Algebra
1. Efficient Data Representation

Large datasets can be organized easily.



2. Faster Computation

Optimized matrix calculations.

3. Foundation of Al

Supports ML and Deep Learning.

4. Scalable

Works for huge datasets.

5. Essential for Neural Networks

Every modern Al model uses Linear Algebra.

Limitations of Linear Algebra
1. Mathematical Complexity

Difficult for beginners.

2. Large Matrix Computations

Require powerful hardware.

3. High Memory Usage

Large datasets consume resources.

Real-Life Examples
Student Life

Marks of students stored as matrices.

Mobile Apps

Recommendation systems use vectors.

Banking

Customer transaction data stored in matrices.

Shopping



Amazon recommendation engine uses matrix operations.

Social Media

Instagram feed ranking uses vector calculations.

PYQ Intelligence

Topic:

Linear Algebra for Machine Learning
PYQ Frequency:
L. 8, BAGAS

Years Asked:

2022

2024

Last Asked:

2024

Question Pattern:

Explain Linear Algebra
Scalars, Vectors, Matrices
Applications in ML

Short Note

Moderately Important Topic

Examiner Keywords
Always include:
Scalar

Vector

Matrix

Tensor

Data Representation
Matrix Multiplication
Neural Network

Machine Learning



Important Questions

7 Mark Questions

Explain Linear Algebra and its role in Machine Learning.
Differentiate Scalar, Vector and Matrix.

Explain Matrix Multiplication in Machine Learning.

Discuss applications of Linear Algebra.

14 Mark Questions

Explain Linear Algebra with Scalars, Vectors, Matrices and Tensors.

Discuss importance of Linear Algebra in Machine Learning and Deep Learning.

Explain data representation using vectors and matrices with suitable examples.

Most Expected Questions

95% Probability

Explain Linear Algebra and its role in Machine Learning.
90% Probability

Differentiate Scalar, Vector, Matrix and Tensor.

80% Probability

Explain Matrix Multiplication in Neural Networks.

Common Mistakes

X Students memorize definitions but cannot explain applications.
X Confusing Matrix and Tensor.

X Forgetting role in Neural Networks.

X Ignoring matrix multiplication.

RGPV Answer Writing Format

Introduction

Linear Algebra is the mathematical foundation of Machine Learning and Deep Learning.

Definition
It deals with vectors, matrices and linear transformations.
Diagram

Scalar



!

Vector

!

Matrix

l

Tensor

Working

Represent Data

Perform Matrix Operations
Train Model

Generate Predictions
Advantages

Fast Computation
Efficient Representation
Al Foundation
Disadvantages
Mathematical Complexity
High Computation
Applications

Computer Vision

NLP

Deep Learning
Recommendation Systems
Conclusion

Linear Algebra provides the essential mathematical tools required for Machine Learning

algorithms and modern Al systems.

Marks Optimization
7 Marks

Write:

Definition

Scalar

Vector



Matrix
Applications
Minimum:

2-3 pages

14 Marks
Write:
Introduction
Definition
Scalar
Vector
Matrix
Tensor
Matrix Multiplication
Applications
Advantages
Conclusion
Minimum:

4-5 pages

How Examiner Gives Full Marks
v/ Scalar Definition

v/ Vector Definition

v/ Matrix Definition

v/ Tensor Definition

v/ Diagram

v/ Applications

v/ Neural Network Connection

Topper Notes
Linear Algebra = Language of ML.
Scalar = Single Number.

Vector = Ordered Numbers.



Matrix = Table of Numbers.

Tensor = Multi-Dimensional Matrix.

Matrix Multiplication is very important.
Neural Networks depend on Linear Algebra.

PYQ Frequency = % % % Y¢

Memory Retention Techniques
Story Method

Imagine organizing student records.
Single mark — Scalar

Student profile — Vector

Class data - Matrix

Entire school database — Tensor

Analogy Method
Linear Algebra is the grammar of Machine Learning.
Without grammar, language cannot work.

Without Linear Algebra, ML cannot work.

Visual Association
Scalar

l

Vector

!

Matrix

l

Tensor

Remember this hierarchy.

One-Minute Revision Box
Linear Algebra:
Mathematics of Data

Hierarchy:



Scalar

Vector

Matrix

Tensor

Important Operation:
Matrix Multiplication
Applications:

Neural Networks
Computer Vision
NLP
Recommendation Systems
PYQ:

% %k Kk Y

If Exam Is Tomorrow
Remember:

SVMT Rule

Scalar

Vector

Matrix

Tensor

Most Important:
Matrix Multiplication
Neural Networks
Data Representation
Most Expected Question:

"Explain Linear Algebra and its role in Machine Learning."

10-CGPA Mode
Must Learn
Scalar

Vector

Matrix



Tensor

Applications

Should Learn

Matrix Multiplication
Optional

Advanced Linear Transformations

Read This 10 Minutes Before Exam

Linear Algebra = Mathematical Foundation of ML
Hierarchy:

Scalar — Vector — Matrix — Tensor

Important Keyword:

Matrix Multiplication

Most Repeated PYQ:

Differentiate Scalar, Vector and Matrix.

Most Expected Question:

Explain Linear Algebra and its importance in Machine Learning.

Data Visualization in Machine Learning:-

Why This Topic Exists?

Real-Life Problem

Imagine tumhare paas 10,000 students ke marks ka data hai.

Agar main tumhe sirf numbers de du:

45, 78, 67, 89, 90, 55, 34, 76, 88, 92...

To kya tum easily bata paoge:

Average performance kya hai?

Kitne students fail hue?

Result improve hua ya nahi?

Kaunsi branch best perform kar rahi hai?

Nahi.

Lekin agar isi data ko graph me dikhaya jaye:
| Bar Chart



~/ Line Graph

«» Pie Chart

To tum instantly samajh jaoge.

Yahi Data Visualization ka purpose hai.

Machine Learning me data ko samajhna training se bhi pehle zaruri hota hai.

Isi liye Data Visualization use kiya jata hai.

Beginner Explanation

Suppose tumbhari class ke marks hain:

40, 50, 60, 70, 80, 90

Agar teacher ye numbers board par likh de:
40 50 60 70 80 90

To samajhna difficult ho sakta hai.

Lekin agar graph bana de:

Marks

o0 | I

To trend turant samajh aa jata hai.
Simple language me:
Data Visualization is the process of representing data graphically so that patterns, trends and

relationships can be understood easily.

Core Exam Definitions
2 Marks Definition
Data Visualization is the graphical representation of data using charts, graphs and plots for better

understanding.

5 Marks Definition

Data Visualization is the process of converting raw data into visual formats such as charts, graphs



and diagrams to identify patterns, trends and relationships effectively.

7 Marks Definition
Data Visualization is a technique used to represent data visually through charts, graphs, plots and
dashboards. It helps users analyze large datasets, identify hidden patterns, detect anomalies and

make informed decisions in Machine Learning and data analytics.

Detailed Explanation

What is Data Visualization?
Data Visualization converts:
Raw Data

!

Visual Representation

l

Insights

!

Decision Making

It helps humans understand data quickly.

Machine Learning projects always start with visualization.

Why Data Visualization is Important?

Before training a Machine Learning model we need to know:
Data distribution

Missing values

Outliers

Relationships between features

Trends and patterns

Visualization helps answer these questions.

Visual Learning Diagram
Raw Data
!

Data Visualization



!

Pattern Discovery

l

Data Understanding
l

Machine Learning Model

Types of Data Visualization
1. Bar Chart

Used to compare categories.
Example:

Branch-wise Students

CSE =200

IT =150

EC =120

Visual:

cst: I
rr I
ec I

2. Line Graph

Used to show trends over time.
Example:

Website Traffic Growth

Jan - Feb — Mar - Apr
Visual:

Traffic

Time



3. Pie Chart

Used to show percentage distribution.
Example:

Market Share

50% Product A

30% Product B

20% Product C

4. Histogram

Used to understand data distribution.
Example:

Student Marks Distribution

Shows:

Average marks

Spread of marks

Frequency

5. Scatter Plot

Shows relationship between variables.
Example:

Study Hours vs Marks

Visual:

Marks
|

|>|<
|>|<
|*

| *

Study Hours

Positive relationship visible.

6. Box Plot



Used for:
Outlier Detection
Data Spread Analysis

Important in Machine Learning preprocessing.

Role of Data Visualization in Machine Learning
1. Data Understanding

Helps understand dataset structure.

2. Feature Analysis

Important features can be identified.

3. Outlier Detection

Abnormal values become visible.

4. Pattern Recognition

Hidden relationships can be found.

5. Model Improvement

Better understanding leads to better models.

Data Visualization Workflow
Collect Data

l

Clean Data

!

Visualize Data

!

Analyze Patterns
!

Build ML Model
l

Evaluate Results



Common Visualization Tools
Python Libraries

Matplotlib

Seaborn

Plotly

Business Tools
Tableau

Power BI

Google Data Studio

Machine Learning Tools
TensorBoard

Jupyter Notebook
Advantages of Data Visualization
1. Easy Understanding

Complex data becomes simple.

2. Faster Decision Making

Visual insights are easier to interpret.

3. Pattern Identification

Trends become visible.

4. Error Detection

Data problems are detected quickly.

5. Better Communication

Results can be shared effectively.

Limitations of Data Visualization



1. Misleading Visuals

Poor graphs may create confusion.

2. Oversimplification

Complex information may be lost.

3. Wrong Interpretation

Incorrect conclusions can be drawn.

4. Large Data Challenges

Huge datasets may require advanced tools.

Applications of Data Visualization
Healthcare

Patient data analysis.

Banking

Fraud detection dashboards.

Education

Student performance monitoring.

E-Commerce

Sales analysis.

Social Media

User engagement analysis.

Machine Learning

Feature analysis and model evaluation.

Real-Life Examples

Student Life



Marks analysis using bar charts.

Mobile Apps

User activity visualization.

Banking

Transaction monitoring dashboards.

Shopping

Sales trend analysis.

Social Media

Likes and engagement graphs.

Memory Tricks
Mnemonic
BLPHS

B - Bar Chart
L - Line Graph
P - Pie Chart
H - Histogram

S — Scatter Plot

Short Trick

Bar = Comparison

Line = Trend

Pie = Percentage
Histogram = Distribution

Scatter = Relationship

Exam Memory Hack
Remember:

"Compare, Trend, Percentage, Distribution, Relationship”



These correspond to the five major graphs.

PYQ Intelligence
Topic:

Data Visualization
PYQ Frequency:
L8 0. B GA¢
Years Asked:

2024

2025

Last Asked:

2025

Question Pattern:
Explain Data Visualization
Types of Charts
Role in ML

Short Notes

Moderately Important Topic

Examiner Keywords
Always include:
Graphical Representation
Charts

Graphs

Pattern Detection

Trend Analysis

Data Understanding
Outlier Detection

Machine Learning

Important Questions
7 Mark Questions

Explain Data Visualization with suitable examples.



Discuss importance of Data Visualization in Machine Learning.
Explain different types of charts used in Data Visualization.

Explain Histogram and Scatter Plot.

14 Mark Questions
Explain Data Visualization in detail with types, advantages and applications.
Discuss role of Data Visualization in Machine Learning.

Explain different visualization techniques with examples.

Most Expected Questions

95% Probability

Explain Data Visualization and its importance in Machine Learning.
90% Probability

Explain different types of charts used in Data Visualization.

80% Probability

Discuss advantages and applications of Data Visualization.

Common Mistakes

> Students only define Data Visualization.

X Forgetting chart types.

¢ Not mentioning Machine Learning applications.
X Confusing Histogram and Bar Chart.

X Missing diagrams.

RGPV Answer Writing Format

Introduction

Data Visualization helps transform complex datasets into understandable visual forms.
Definition

It is the graphical representation of data for analysis and decision making.

Diagram

Raw Data

l

Visualization



!

Insights

!

Decision

Working

Collect Data
Visualize

Analyze

Interpret
Advantages

Easy Understanding
Faster Decisions
Pattern Detection
Disadvantages
Misleading Graphs
Wrong Interpretation
Applications
Healthcare

Banking

Education

Machine Learning
Conclusion

Data Visualization plays a critical role in understanding and analyzing data before applying

Machine Learning algorithms.

Marks Optimization
7 Marks

Write:

Definition
Importance

Types of Charts
Applications

Minimum:



2-3 pages

14 Marks
Write:
Introduction
Definition
Types
Diagram
Advantages
Limitations
Applications
Conclusion
Minimum:

4-5 pages

How Examiner Gives Full Marks
v/ Definition

v/ Diagram

v/ 5 Types of Charts

v/ Advantages

v/ Applications

v/ Machine Learning Connection

Topper Notes

Data Visualization = Visual Representation of Data.
Used before ML model training.

Important Charts:

Bar, Line, Pie, Histogram, Scatter.

Helps identify trends and patterns.

Histogram = Distribution.

Scatter Plot = Relationship.

PYQ Frequency = % % % Y¢ %



One-Minute Revision Box
Definition:

Graphical Representation of Data
Important Charts:

Bar

Line

Pie

Histogram

Scatter

Keywords:

Pattern Detection

Trend Analysis

Outlier Detection
Applications:

ML

Banking

Healthcare

PYQ:

8. 0. B GA¢

If Exam Is Tomorrow
Remember:

BLPHS Rule

Bar

Line

Pie

Histogram

Scatter

Most Important:

Role in Machine Learning
Advantages
Applications

Most Expected Question:



"Explain Data Visualization and its importance in Machine Learning."

10-CGPA Mode
Must Learn
Definition
Importance
Bar Chart
Histogram
Scatter Plot
Should Learn
Pie Chart
Line Graph
Optional

Advanced Visualization Tools

Read This 10 Minutes Before Exam

Data Visualization = Converting Data into Graphs
Important Charts:

Bar — Comparison

Line - Trend

Pie — Percentage

Histogram — Distribution

Scatter — Relationship

Most Repeated PYQ:

Explain Data Visualization and chart types.
Most Expected Question:

Explain Data Visualization with advantages and applications.

Hypothesis Function, Testing and Data

Distributions in Machine Learning



Why This Topic Exists?

Real-Life Problem

Imagine tum ek coaching teacher ho.

Tumbhare paas data hai:

Study Hours Marks
2 40
4 55
6 70
8 85

Ab ek naya student 7 hours padh raha hai.

Question:

Uske marks kitne aa sakte hain?

Machine Learning ko bhi exactly yahi problem solve karni hoti hai.

Model ko ek mathematical rule banana padta hai jo input se output predict kare.
Is rule ko Hypothesis Function kehte hain.

Lekin prediction sahi hai ya nahi?

Ye check karne ke liye Testing ki jati hai.

Aur data kis pattern me spread hai?

Ye samajhne ke liye Data Distribution use ki jati hai.

Isi liye ye teen concepts ML ki foundation hain.



Beginner Explanation

Suppose tum ek cricket coach ho.

Player ki practice hours aur runs ka data hai.
Tum ek rule banate ho:

More Practice - More Runs

Ye rule hi Hypothesis hai.

Ab tum naye player par is rule ko apply karte ho.
Prediction sahi aaya?

Ye Testing hai.

Ab tum dekhte ho ki players ke runs ka pattern kaisa hai.
Sab similar hain ya bahut different?

Ye Data Distribution hai.

Simple Flow:

Data

Hypothesis Function

Prediction

Testing



Performance Check

Core Exam Definitions

2 Marks Definition

A Hypothesis Function is a mathematical function that maps input variables to output predictions.
Testing is the process of evaluating model performance on unseen data.

Data Distribution describes how data values are spread across a dataset.

5 Marks Definition

Hypothesis Function is a predictive mathematical model used in Machine Learning. Testing
evaluates the model's accuracy on test data, while Data Distribution represents the statistical

spread and pattern of data values.

7 Marks Definition

A Hypothesis Function is a mathematical representation used by Machine Learning models to
estimate outputs from inputs. Testing is the process of validating model performance on unseen
datasets. Data Distribution describes how observations are arranged, spread and concentrated

within a dataset, helping understand data characteristics before model training.

Part A: Hypothesis Function

What is Hypothesis Function?

Hypothesis Function is a mathematical equation used to make predictions.



Notation:

h(x)

Read as:
Hypothesis of x
Where:

x = Input

h(x) = Predicted Output

Example

Study Hours = 5
Hypothesis Function:
h(x) = 10x + 20
Prediction:

h(5)

=10x5+20

=70

Predicted Marks = 70

Visual Diagram

Input Data



Hypothesis Function

Prediction

Output

Linear Regression Hypothesis

Most Common Formula:
h(x) =mx + c

Where:

m = Slope

¢ = Intercept

X = Input

h(x) = Output

Importance of Hypothesis Function

Makes Predictions

Learns Patterns

Forms ML Model

Helps Generalization

Part B: Testing in Machine Learning



What is Testing?

Testing means evaluating the trained model using unseen data.
Goal:

Check whether model predicts correctly.

Why Testing is Needed?

Suppose model ne training data me 100% accuracy di.
But new data par fail ho gaya.
Then model useful nahi hai.

Testing helps verify real-world performance.

Types of Data

Training Data

Used to train model.

Testing Data

Used to evaluate model.

Visual Diagram

Dataset



Training Data (80%)

Model Training

Testing Data (20%)

Performance Evaluation

Evaluation Metrics

Accuracy

Measures correct predictions.
Formula:

Accuracy = Correct Predictions / Total Predictions

Error

Measures wrong predictions.

Lower error is better.

L.oss Function

Measures prediction mistakes.



Optimization tries to minimize loss.

Advantages of Testing

Evaluates Performance

Detects Overfitting

Improves Reliability

Measures Accuracy

Part C: Data Distribution

What is Data Distribution?

Data Distribution describes how values are spread within a dataset.
Example:

Student Marks:

40, 50, 60, 70, 80

These marks follow a distribution.

Why Data Distribution is Important?

Before training ML model:
We must understand:

e Data Pattern
e Data Spread

e OQutliers



e Skewness

Types of Data Distribution

1. Normal Distribution

Most Important Distribution
Bell-shaped curve.

Visual:

Properties:

¢ Mean = Median = Mode

e Symmetrical

2. Uniform Distribution

All values equally likely.

Visual:

Same probability everywhere.

3. Skewed Distribution



Data tilted toward one side.

Right Skewed

Most values on left.

Long tail on right.

Left Skewed

Most values on right.

Long tail on left.

Importance in Machine Learning

Data Distribution helps:

Feature Selection

Outlier Detection

Data Cleaning

Better Predictions

Visual Learning Diagram

Raw Data
Distribution Analysis

Pattern Understanding



Model Training

Prediction

Real-Life Examples

Student Life

Marks distribution in class.

Mobile Apps

Daily active users.

Banking

Transaction amounts.

Shopping

Customer purchase behavior.

Social Media

Likes and engagement distribution.

Memory Tricks



Hypothesis Function

H = Human Guess

Hypothesis = Prediction Rule

Testing

T = Truth Check

Testing verifies predictions.

Distribution

D = Data Spread

Distribution shows pattern.

PYQ Intelligence

Topic:

Hypothesis Function, Testing and Data Distribution

PYQ Frequency:
LB 8. 8. B¢

Years Asked:
2022
2024
2025

Last Asked:
2025



Question Pattern:

Explain Hypothesis Function
e Training vs Testing

Data Distribution

Normal Distribution

High Probability Topic

Examiner Keywords

Always Include:

e Prediction

e Mathematical Model
¢ h(x)

¢ Training Data

¢ Testing Data

e Accuracy

e Data Spread

¢ Normal Distribution

¢ Bell Curve

Important Questions

7 Mark Questions

1. Explain Hypothesis Function with example.
2. Explain Testing in Machine Learning.
3. Explain Data Distribution and its importance.

4. Explain Normal Distribution.



14 Mark Questions

1. Explain Hypothesis Function, Testing and Data Distribution in detail.
2. Discuss role of Hypothesis Function in Machine Learning.

3. Explain different data distributions with examples.

Most Expected Questions

95% Probability

Explain Hypothesis Function and Testing.

90% Probability

Explain Data Distribution and Normal Distribution.
80% Probability

Differentiate Training and Testing Data.

Common Mistakes

X Confusing Hypothesis with Final Output.
¢ Writing Testing and Training as same thing.
X< Forgetting Normal Distribution diagram.
2 Not explaining h(x).

> Ignoring examples.

RGPV Answer Writing Format



Introduction

Machine Learning models use Hypothesis Functions for prediction, Testing for evaluation and

Data Distribution for understanding data behavior.
Definition

Hypothesis Function predicts outputs.
Testing evaluates performance.

Distribution describes data spread.
Diagram

Data

Hypothesis

Prediction

Testing

Evaluation

Working

1. Collect Data
2. Train Model

3. Generate Hypothesis



4. Test Model

5. Analyze Distribution

Advantages

¢ Better Predictions
e Improved Accuracy

e Reliable Models

Disadvantages

e Sensitive to Poor Data

¢ Requires Proper Testing

Applications

Education
Banking
Healthcare

Machine Learning

Conclusion

Hypothesis Functions, Testing and Data Distributions are essential concepts that help build

accurate and reliable Machine Learning systems.

Marks Optimization

7 Marks

Write:



Definitions

h(x)

Training vs Testing

Normal Distribution

Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction

¢ Definitions

¢ Hypothesis Function

e Testing Process

¢ Data Distribution Types
e Diagram

e Applications

e Conclusion
Minimum:

4-5 Pages

How Examiner Gives Full Marks

v/ h(x) Formula
v/ Training vs Testing Diagram
v/ Bell Curve Diagram

v/ Normal Distribution



v/ Applications

v Keywords

Topper Notes

e Hypothesis Function = Prediction Rule.
¢ h(x) predicts output.

e Testing checks accuracy.

¢ Distribution shows data spread.

e Normal Distribution = Bell Curve.

e Training Data trains model.

o Testing Data evaluates model.

e PYQ Frequency = % % % % ¥¢

One-Minute Revision Box

Hypothesis:

h(x)

Prediction Function
Testing:

Performance Evaluation
Distribution:

Data Spread

Important:

Normal Distribution

Training Data



Testing Data
PYQ:

1. 8.8, 8 §*¢

If Exam Is Tomorrow

Remember:

Hypothesis = Prediction
Testing = Evaluation
Distribution = Data Pattern
Important Diagram:

Data

Hypothesis

Prediction

Testing

Most Expected Question:

Explain Hypothesis Function, Testing and Data Distribution.

10-CGPA Mode



Must Learn

Hypothesis Function
h(x)

Testing

Normal Distribution

Should Learn
e Training vs Testing
Optional

¢ Advanced Distribution Types

Read This 10 Minutes Before Exam

Hypothesis Function:
h(x)

Prediction Model
Testing:

Accuracy Check
Distribution:

Data Spread Pattern
Important Terms:
Training Data
Testing Data

Normal Distribution



Bell Curve

Most Repeated PYQ:
Training vs Testing

Most Expected Question:

Explain Hypothesis Function, Testing and Data Distribution with diagrams and examples.

Data Preprocessing in Machine Learning

Why This Topic Exists?

Real-Life Problem

Imagine tum ek teacher ho aur students ke marks ka record maintain karte ho.

Data kuch aisa hai:

Name Marks

Rahul 85

Aman ?

Rohit 92

Mohit 450
Problem:

¢ Ek value missing hai (?)

¢ Ek value impossible hai (450)

Agar isi data par prediction model train kar diya jaye to result galat aayega.



Machine Learning ka golden rule hai:

Garbage In = Garbage Out

Yani agar input data kharab hai to output bhi kharab hoga.

Isi problem ko solve karne ke liye Data Preprocessing use kiya jata hai.

Data Preprocessing raw data ko clean, organized aur machine-readable banata hai.

Machine Learning project ka 60-80% time Data Preprocessing me hi lagta hai.

Beginner Explanation

Suppose tum chai banana chahte ho.
Direct chai nahi ban sakti.

Pehle:

Pani lena padega

Chai patti dalni padegi

Doodh dalna padega

Sugar add karni padegi
Tab jaake chai ready hogi.
Machine Learning me bhi same process hota hai.

Raw Data

Cleaning

Transformation



Preparation

Machine Learning Model

Data ko train karne se pehle prepare karna hi Data Preprocessing kehlata hai.

Core Exam Definitions

2 Marks Definition

Data Preprocessing is the process of cleaning, transforming and preparing raw data before

applying Machine Learning algorithms.

5 Marks Definition

Data Preprocessing is a data preparation technique used to improve data quality by handling
missing values, removing noise, transforming features and making data suitable for Machine

Learning models.

7 Marks Definition

Data Preprocessing is an essential step in Machine Learning that involves cleaning, integrating,
transforming and reducing raw data to improve data quality and enhance model accuracy. It

ensures that the dataset is consistent, complete and ready for analysis.

Detailed Explanation



What is Data Preprocessing?

Data Preprocessing is the process of converting raw and messy data into meaningful and

structured data.

Raw Data

Clean Data

Processed Data

Machine Learning Model

Accurate Prediction

Why Data Preprocessing is Important?

Real-world data often contains:

e Missing Values
¢ Duplicate Values
¢ Incorrect Values
¢ Noise

e Qutliers

Machine Learning models cannot work properly with poor-quality data.

Visual Learning Diagram



Raw Data

Data Cleaning

Data Transformation
Feature Selection
Processed Data

Machine Learning Model

Major Steps of Data Preprocessing

1. Data Cleaning

Most important step.
Purpose:
Remove errors and inconsistencies.

Tasks:

Missing Value Handling

Duplicate Removal

Noise Removal

Outlier Detection



Missing Values

Example:
Student Marks
Rahul 80
Aman ?
Rohit 90
Problem:

Aman's marks missing.
Solutions:

¢ Replace with Mean
¢ Replace with Median

¢ Remove Record

Duplicate Data

Example:
Rahul 80
Rahul 80

Same record repeated.

Duplicate entries must be removed.

Outliers

Example:

Marks:




50, 60, 70, 80, 1000
Value 1000 is abnormal.
This is called an Outlier.

Outliers affect model performance.

Memory Trick

MDO Rule

M = Missing Values
D = Duplicates

O = Outliers

Always check these first.

2. Data Integration

Combining data from multiple sources.
Example:
Student Database

Attendance Database

Combined Dataset



Advantages

e More Information
¢ Better Analysis

e Improved Accuracy

3. Data Transformation

Converting data into suitable format.
Example:

Male / Female

0/1

Computers prefer numerical values.

Normalization

Very Important Topic
Purpose:

Bring all values to same scale.
Example:

Age =20

Salary = 50000

Without normalization:



Salary dominates model.
After normalization:

Both become comparable.

Visual Diagram

Raw Values

Normalization

Same Scale

Better Learning

Types of Normalization

Min-Max Normalization

Formula:
(X - Min) / (Max - Min)
Range:

Oto1l

Z-Score Normalization



Formula:
(X - Mean) / Standard Deviation

Used frequently in ML.

4. Data Reduction

Purpose:
Reduce dataset size.
Benefits:

e Faster Training
e Less Memory

e Better Performance

Methods

e Feature Selection
¢ Dimensionality Reduction

e Sampling

Data Preprocessing Workflow

Collect Data
Clean Data

Integrate Data



Transform Data

Normalize Data

Reduce Data

Train Model

Importance in Machine Learning

1. Improves Accuracy

Clean data gives better predictions.

2. Faster Training

Reduced data trains quickly.

3. Better Generalization

Model performs well on unseen data.

4. Reduces Overfitting

Unnecessary features removed.



5. Improves Data Quality

Reliable dataset obtained.

Real-Life Examples

Student Life

Removing incorrect attendance records.

Mobile Apps

Cleaning user activity logs.

Banking

Removing fraudulent transactions.

Shopping

Preparing customer purchase data.

Social Media

Cleaning user engagement records.

Advantages of Data Preprocessing



1. Better Data Quality
2. Improved Accuracy
3. Faster Processing
4. Reduced Noise

5. Better Decision Making

Disadvantages of Data Preprocessing

1. Time Consuming

Large datasets require significant effort.

2. Computational Cost

Complex preprocessing may need powerful systems.

3. Risk of Data Loss

Improper cleaning may remove useful information.

PYQ Intelligence



Topic:

Data Preprocessing

PYQ Frequency:
2. 8.8. 8. *¢

Years Asked:
2020
2024
2025

Last Asked:
2025

Question Pattern:

Explain Data Preprocessing

Data Cleaning

Normalization

Missing Values

Outlier Detection

Highly Important Topic

Examiner Keywords

Always Include:

¢ Data Cleaning

e Missing Values

e Qutliers

e Data Integration

¢ Data Transformation
¢ Normalization

e Feature Selection



¢ Data Reduction

Important Questions

7 Mark Questions

1. Explain Data Preprocessing.
2. Explain steps of Data Preprocessing.
3. Explain Normalization with examples.

4. Explain Missing Values and Outlier Handling.

14 Mark Questions

1. Explain Data Preprocessing in detail with all stages.
2. Discuss Data Cleaning, Transformation and Reduction techniques.

3. Explain importance of Data Preprocessing in Machine Learning.

Most Expected Questions

95% Probability

Explain Data Preprocessing and its steps.

90% Probability

Explain Data Cleaning and Normalization.

80% Probability

Explain Missing Values and Outlier Handling.



Common Mistakes

Y Students directly jump to model training.

X Forgetting Normalization.

X Confusing Data Cleaning and Data Transformation.
> Ignoring Outliers.

X Not drawing workflow diagram.

RGPV Answer Writing Format

Introduction

Data Preprocessing is a critical step that prepares raw data for Machine Learning algorithms.
Definition

It involves cleaning, transforming and reducing data.

Diagram

Raw Data

Cleaning

Transformation



Normalization

Reduction

ML Model

Working

1. Collect Data

2. Clean Data

3. Transform Data
4. Normalize Data
5. Reduce Data

6. Train Model

Advantages

o Better Accuracy
e Faster Training

¢ Reliable Results

Disadvantages

¢ Time Consuming

¢ Computational Cost

Applications

Healthcare

Banking



Education

Machine Learning

Conclusion

Data Preprocessing improves data quality and ensures better Machine Learning performance.

Marks Optimization

7 Marks

Write:

¢ Definition

e Diagram

¢ (Cleaning

¢ Transformation

¢ Normalization
Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction

¢ Definition

e Workflow Diagram
¢ (Cleaning

¢ Integration

e Transformation



Normalization

Reduction

Advantages

Conclusion

Minimum:

4-5 Pages

How Examiner Gives Full Marks

v Workflow Diagram
v/ Missing Values

v/ Outliers

v/ Normalization

v/ Data Cleaning

v/ Applications

v Keywords

Topper Notes

e Data Preprocessing = Preparing Data for ML.
e Garbage In = Garbage Out.
e MDO Rule:
Missing Values
Duplicates
Outliers
e Normalization is highly important.

¢ Data Cleaning appears frequently in PYQs.



e Workflow diagram is scoring.

e PYQ Frequency = % % % % ¥¢

Memory Retention Techniques

Story Method

Imagine preparing vegetables before cooking.
Cleaning vegetables = Data Cleaning
Cutting vegetables = Transformation
Organizing ingredients = Integration

Cooking = Model Training

Analogy Method

Data Preprocessing is like washing and preparing raw vegetables before cooking food.
Bad ingredients — Bad food.

Bad data — Bad model.

Visual Association Method

Raw Data

Cleaning



Transformation

Normalization

ML Model

Remember this pipeline.

One-Minute Revision Box

Data Preprocessing

Cleaning

Transformation

Normalization

Reduction

Keywords:

Missing Values

Duplicates

Outliers



Feature Selection
Normalization
PYQ:

1. 8. 8.8 §*¢

If Exam Is Tomorrow

Remember:

MDO Rule

M = Missing Values
D = Duplicates

O = Outliers
Important Steps:
Cleaning
Integration
Transformation
Normalization
Reduction

Most Expected Question:

Explain Data Preprocessing and its stages.

10-CGPA Mode



Must Learn

Data Preprocessing Definition

Data Cleaning

Missing Values

Normalization

Outliers

Should Learn

e Data Integration

¢ Data Reduction
Optional

¢ Advanced Preprocessing Techniques

Read This 10 Minutes Before Exam

Data Preprocessing = Preparing Data for Machine Learning
Pipeline:

Raw Data

Cleaning

Transformation

Normalization



Reduction

Model Training

Most Repeated PYQ:

Explain Data Cleaning and Normalization.
Most Expected Question:

Explain Data Preprocessing with neat diagram and stages.

Data Augmentation in Machine Learning

Why This Topic Exists?

Real-Life Problem

Imagine tum ek teacher ho aur tumhe students ko cat aur dog identify karna sikhana hai.
Agar tum sirf 5 cat photos aur 5 dog photos dikhaoge, to students confuse ho sakte hain.

Lekin agar tum:

Cat ko left side se dikhao

Right side se dikhao
Zoom karke dikhao

Bright aur dark images dikhao
To students cat ko har situation me identify kar lenge.

Machine Learning models ke saath bhi exactly yahi hota hai.



Problem:

Dataset chhota hota hai.

Result:

Model overfit ho jata hai aur real-world data par fail ho sakta hai.
Solution:

Data Augmentation

Data Augmentation existing data ko modify karke naya training data generate karta hai.

Beginner Explanation

Suppose tumbhare paas sirf ek cat ki image hai.

Original Image

Rotate

Flip

Crop

Brightness Change

5 New Images



Ab model ko ek image ke bajay 5-6 images mil gayi.
Model zyada situations dekhkar better learn karta hai.
Simple language me:

Data Augmentation is a technique used to artificially increase the size of a dataset by creating

modified versions of existing data.

Core Exam Definitions

2 Marks Definition

Data Augmentation is the process of generating additional training samples by applying

transformations to existing data.

5 Marks Definition

Data Augmentation is a data preprocessing technique that increases dataset size by creating

modified copies of existing data using operations such as rotation, flipping, scaling and cropping.

7 Marks Definition

Data Augmentation is a Machine Learning technique used to improve model performance by
artificially increasing training data through transformations such as rotation, scaling, flipping,

cropping and noise addition. It helps improve generalization and reduces overfitting.

Detailed Explanation

What is Data Augmentation?



Data Augmentation creates new training examples from existing data.

Original Dataset

Transformations

Augmented Dataset

Better Machine Learning Model

Why Data Augmentation is Needed?

Machine Learning models need:

e Large Data
¢ Diverse Data

e Balanced Data
Problems without augmentation:
¢ Small Dataset
X Overfitting
Y Poor Generalization
X Low Accuracy

Data Augmentation solves these issues.

Visual Learning Diagram



Original Image

Rotate

Flip

Crop

Brightness Adjustment

Augmented Images

Model Training

Types of Data Augmentation

1. Rotation

Image ko different angle par rotate karna.
Example:

OO

45°



90°
Purpose:

Model different orientations samajhta hai.

2. Flipping

Image ko mirror karna.
Types:

e Horizontal Flip

e Vertical Flip
Example:

Cat Looking Left

Cat Looking Right

3. Cropping

Image ka kuch part select karna.
Example:

Full Image

Face Only

Purpose:



Important features highlight karna.

4. Scaling

Image size change karna.
Example:

Small Image

Large Image

Model size variations samajhta hai.

5. Translation

Image ko left, right, up ya down move karna.
Purpose:

Position variations handle karna.

6. Brightness Adjustment

Image ki brightness change karna.
Example:

Day Image

Night-Like Image



7. Noise Injection

Random noise add karna.
Purpose:

Model robustness improve karna.

Memory Trick

RFCTBSN Rule
R = Rotation

F = Flipping

C = Cropping

T = Translation
B = Brightness
S = Scaling

N = Noise

Exam me yaad rakhne ke liye best trick.

Data Augmentation Workflow

Original Data

Apply Transformations



Generate New Samples

Increase Dataset Size

Train Model

Improve Accuracy

Advantages of Data Augmentation

1. Increases Dataset Size

Artificially more data generated.

2. Reduces Overfitting

Model memorization kam karta hai.

3. Improves Generalization

Real-world performance better hoti hai.

4. Improves Accuracy

Model more robust banta hai.



5. Low Cost

New data collect karne ki zarurat nahi.

Disadvantages of Data Augmentation

1. Increased Training Time

More data means longer training.

2. Wrong Transformations

Improper augmentation may reduce accuracy.

3. Extra Computation

Additional processing required.

Data Augmentation in Deep Learning

Most commonly used in:

¢ CNN
e Computer Vision
¢ Object Detection

¢ Image Classification
Popular Frameworks:

¢ TensorFlow

e Keras



e PyTorch

Applications of Data Augmentation

Healthcare

Medical image analysis.

Self-Driving Cars

Road sign recognition.

Face Recognition

Different face angles.

Agriculture

Plant disease detection.

Security Systems

Object recognition.

Social Media

Image filtering and classification.



Real-Life Examples

Student Life

Reading same chapter from multiple books improves understanding.

Data Augmentation does the same for ML.

Mobile Apps

Face unlock works under different lighting conditions.

Banking

Signature verification systems.

Shopping

Product image recognition.

Social Media

Photo tagging systems.

PYQ Intelligence

Topic:

Data Augmentation



PYQ Frequency:
2 8. 8, GAR%¢

Years Asked:
2024

Last Asked:
2024

Question Pattern:

Explain Data Augmentation

Applications

Advantages

Deep Learning Usage

Moderately Important Topic

Examiner Keywords

Always Include:

e Dataset Expansion

¢ Artificial Data Generation
¢ Overfitting Reduction

¢ Rotation

e Flipping

e Cropping

e Scaling

e Generalization

Important Questions



7 Mark Questions

1. Explain Data Augmentation with examples.
2. Explain different Data Augmentation techniques.

3. Discuss advantages of Data Augmentation.

14 Mark Questions

1. Explain Data Augmentation in detail with techniques, applications and advantages.
2. Discuss role of Data Augmentation in Deep Learning.

3. Explain various image transformation methods used in Data Augmentation.

Most Expected Questions

95% Probability

Explain Data Augmentation and its importance.

90% Probability

Explain different Data Augmentation techniques.
80% Probability

Discuss applications of Data Augmentation in Deep Learning.

Common Mistakes

X Students confuse Data Augmentation with Data Preprocessing.
X Forgetting augmentation techniques.

¢ Writing only image examples.



> Ignoring overfitting reduction.

X Missing workflow diagram.

RGPV Answer Writing Format

Introduction

Data Augmentation is an important technique used to increase training data and improve Machine

Learning performance.

Definition

It creates new data samples using transformations on existing data.
Diagram

Original Data

Transformations

Augmented Data

Model Training

Working

1. Select Dataset
2. Apply Transformations

3. Generate New Samples



4. Train Model

Advantages

e More Data
¢ Better Accuracy

¢ Less Overfitting

Disadvantages

e More Training Time

¢ Additional Computation

Applications

Healthcare
Computer Vision
Face Recognition

Autonomous Vehicles

Conclusion

Data Augmentation improves dataset diversity and helps Machine Learning models achieve better

generalization and accuracy.

Marks Optimization

7 Marks

Write:



Definition

e Diagram

Techniques

Advantages
Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction

¢ Definition

e Workflow Diagram
e ‘Types

e Advantages

¢ Disadvantages

e Applications

e Conclusion
Minimum:

4-5 Pages

How Examiner Gives Full Marks

v Workflow Diagram
v/ Rotation
v/ Flipping

v/ Cropping



v/ Scaling
v/ Applications

v/ Overfitting Concept

Topper Notes

¢ Data Augmentation = Artificial Dataset Expansion.
e Main Goal = Reduce Overfitting.
e RFCTBSN Rule:

Rotation

Flipping

Cropping

Translation

Brightness

Scaling

Noise
e Mostly used in CNN and Computer Vision.
e Improves Generalization.

e PYQ Frequency = % % % ¥¢ ¥¢

Memory Retention Techniques

Story Method

Imagine learning one chapter from multiple books.
Same topic.
Different presentation.

Better understanding.



This is Data Augmentation.

Analogy Method

Data Augmentation is like photocopying a document and making small modifications to create

multiple useful versions.

Visual Association Method

Original Image

Rotate

Flip

Crop

Augmented Images

Remember this pipeline.

One-Minute Revision Box

Data Augmentation

More Training Data



Techniques:
Rotation
Flipping
Cropping
Scaling
Brightness
Noise

Benefits:

More Accuracy
Less Overfitting
Better Generalization
PYQ:

1.8 8. S G4

If Exam Is Tomorrow

Remember:
RFCTBSN Rule
Rotation
Flipping
Cropping

Translation



Brightness

Scaling

Noise

Most Important:
Overfitting Reduction
Dataset Expansion

CNN Applications

Most Expected Question:

Explain Data Augmentation and its techniques.

10-CGPA Mode

Must Learn

Definition

Techniques

Advantages

Overfitting Reduction

Should Learn

¢ Applications
o Workflow

Optional

e Framework-Specific Implementation



Read This 10 Minutes Before Exam

Data Augmentation = Increasing Dataset Size Artificially
Most Important Techniques:

Rotation

Flipping

Cropping

Scaling

Translation

Benefits:

e More Data
e Better Accuracy

¢ Reduced Overfitting
Most Repeated PYQ:
Explain Data Augmentation.
Most Expected Question:

Explain Data Augmentation with suitable examples, techniques and applications.

Normalizing Data Sets in Machine Learning

Why This Topic Exists?

Real-Life Problem



Imagine do students hain:

Feature Student A
Age 20
Salary 50,000

Machine Learning model ko dono values di jati hain.

Problem:

Salary (50000) bahut badi value hai aur Age (20) bahut chhoti.

Model salary ko zyada importance de sakta hai aur age ko ignore kar sakta hai.

Result:

Wrong Predictions

Machine Learning algorithms tab best kaam karte hain jab saari features same scale par ho.

Isi problem ko solve karne ke liye Data Normalization use ki jati hai.

Beginner Explanation

Suppose tum race kar rahe ho.

Ek participant meter me speed bata raha hai.
Dusra kilometer me.

Teesra centimeter me.

Comparison karna difficult hoga.

Pehle sabko same unit me convert karna padega.

Machine Learning me bhi exactly yehi hota hai.



Example:

Feature Value
Age 20
Salary 50000
Experience 2

Scale bahut different hai.

Normalization:
Feature Normalized Value
Age 0.25
Salary 0.40
Experience 0.20

Ab model sab features ko fairly compare kar sakta hai.

Core Exam Definitions

2 Marks Definition

Normalization is the process of scaling data values into a common range to improve Machine

Learning performance.

5 Marks Definition

Normalization is a data preprocessing technique used to transform numerical data into a standard

scale without distorting relationships among data values.



7 Marks Definition

Normalization is a data transformation technique in Machine Learning that rescales feature values
to a common range, typically between 0 and 1, to improve model accuracy, convergence speed

and learning efficiency.

Detailed Explanation

What is Data Normalization?

Normalization is the process of converting different scale values into a common scale.
Before Normalization:

Age =20

Salary = 50000

Experience = 2

After Normalization:

Age =0.25

Salary = 0.40

Experience = 0.20

Now all features contribute fairly.

Why Normalization is Needed?

Machine Learning algorithms calculate distances and weights.

Large values dominate calculations.



Example:

Feature A = 10

Feature B = 10000

Model may ignore Feature A completely.

Normalization prevents this problem.

Visual Learning Diagram

Raw Data

Different Scales

Normalization

Same Scale

Better Learning

Accurate Prediction

Benefits of Normalization

1. Fair Comparison



All features treated equally.

2. Faster Training

Optimization algorithms converge quickly.

3. Better Accuracy

Model learns efficiently.

4. Reduced Bias

Large-value features do not dominate.

5. Improved Gradient Descent

Important for Neural Networks.

Types of Normalization

1. Min-Max Normalization

Most common technique.
Formula:

X'=(X — Min) / (Max — Min)
Output Range:

Oto1l



Example

Data:

20, 40, 60, 80
Normalize 40

Min = 20

Max = 80

X' =(40-20)/(80—-20)
X'=20/60

X'=0.33

Memory Trick

Min-Max

Minimum becomes 0

Maximum becomes 1

2. Z-Score Normalization

Also called Standardization.
Formula:
X' = (X — Mean) / Standard Deviation

Purpose:



Centers data around zero.

Example
Mean = 50

SD =10

Value = 60
X'=(60-50)/10

X'=1

Memory Trick

Z-Score

Uses Mean and SD
Remember:

7. = Zero-Centered Data

3. Decimal Scaling

Values divided by powers of 10.
Example:

5000

0.5000



Comparison of Normalization Techniques

Technique Formula Range
Min-Max (X-Min)/(Max-Min) Oto1l

Z-Score (X-Mean)/SD Around 0
Decimal Scaling X/10m Reduced Scale

Normalization Workflow

Collect Data

!

Identify Numerical Features

l

Choose Method

l

Apply Formula

!

Generate Normalized Data

!

Train Model

Normalization in Machine Learning




Used in:

e Linear Regression

e Logistic Regression

¢ Neural Networks

¢ Support Vector Machines

e K-Means Clustering

Especially important when distance calculations are involved.

Real-Life Examples

Student Life

Marks out of 100 and attendance out of 1000 cannot be compared directly.

Normalization makes comparison possible.

Mobile Apps

User activity metrics normalized before recommendation generation.

Banking

Income and transaction counts normalized before fraud detection.

Shopping

Customer purchase data normalized before prediction.

Social Media



Likes, comments and shares normalized before engagement analysis.

Advantages of Normalization

1. Faster Model Convergence

2. Better Prediction Accuracy

3. Improved Feature Comparison
4. Reduced Training Time

5. Better Neural Network Performance

Disadvantages of Normalization

1. Extra Processing Step
2. Sensitive to Outliers (Min-Max)

3. Information Interpretation Becomes Harder

Original values change.



PYQ Intelligence

Topic:

Normalizing Data Sets

PYQ Frequency:
1. 8. 8.8 §*¢

Years Asked:
2022
2024
2025

Last Asked:
2025

Question Pattern:

Explain Normalization

Min-Max Normalization

Z-Score Normalization

Importance of Normalization

Highly Important Topic

Examiner Keywords

Always Include:

Feature Scaling

e Common Range

¢ Min-Max Normalization
e Z-Score Normalization
¢ Standardization

e Machine Learning



e Gradient Descent

e Data Transformation

Important Questions

7 Mark Questions

1. Explain Data Normalization.
2. Explain Min-Max Normalization with example.
3. Explain Z-Score Normalization.

4. Discuss importance of normalization in Machine Learning.

14 Mark Questions

1. Explain Data Normalization in detail with techniques and applications.
2. Compare Min-Max and Z-Score Normalization.

3. Discuss role of Normalization in Machine Learning algorithms.

Most Expected Questions

95% Probability

Explain Data Normalization and its importance.

90% Probability

Explain Min-Max Normalization with formula.

80% Probability

Differentiate Min-Max and Z-Score Normalization.



Common Mistakes

> Students confuse Normalization with Data Cleaning.
X Forgetting formulas.

> Not explaining why normalization is needed.

X Confusing Z-Score with Min-Max.

2 Missing comparison table.

RGPV Answer Writing Format

Introduction

Normalization is an important data preprocessing step that scales features into a common range.
Definition

Normalization transforms numerical values to a standard scale.

Diagram

Raw Data

Normalization

Same Scale



Model Training

Working

1. Select Features
2. Choose Technique
3. Apply Formula

4. Generate Scaled Data

Advantages

¢ Faster Training
¢ Better Accuracy

e Fair Comparison

Disadvantages

¢ Additional Processing

e Sensitive to Outliers

Applications

Neural Networks
Regression
Clustering

Fraud Detection

Conclusion

Normalization improves Machine Learning performance by ensuring that all features contribute

equally during training.



Marks Optimization

7 Marks

Write:

Definition

Need

Min-Max Formula

Z-Score Formula

Applications
Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction

¢ Definition

e Need

e ‘Types

e Formulas

e Comparison Table
e Applications

e Advantages

e Conclusion
Minimum:

4-5 Pages



How Examiner Gives Full Marks

v/ Min-Max Formula
v/ Z-Score Formula
v/ Diagram

v/ Comparison Table
v/ Applications

v Keywords

Topper Notes

¢ Normalization = Feature Scaling.

e Purpose = Same Scale.

¢ Min-Max Range =0to 1.

e Z-Score uses Mean and Standard Deviation.
e Helps Gradient Descent.

¢ Improves Neural Network Training.

e PYQ Frequency = % % % % 3%

Memory Retention Techniques

Story Method

Imagine weighing fruits using kilograms, grams and milligrams.
Comparison impossible.

Convert all into same unit.



That is Normalization.

Analogy Method

Normalization is like converting all currencies into one currency before comparison.

Visual Association Method

Large Numbers

Scaling

Same Range

Better Learning

Remember this pipeline.

One-Minute Revision Box

Normalization

Feature Scaling
Methods:
Min-Max

Z-Score



Decimal Scaling
Important Formula:
(X-Min)/(Max-Min)
Keywords:

Feature Scaling
Standardization
Gradient Descent
PYQ:

1. 8. 8.8 §*¢

If Exam Is Tomorrow

Remember:
Normalization = Same Scale
Important Methods:

1. Min-Max
2. Z-Score

Most Important Formula:
(X-Min)/(Max—Min)
Most Expected Question:

Explain Data Normalization with Min-Max and Z-Score techniques.

10-CGPA Mode



Must Learn

Definition

Need

Min-Max Formula

Z-Score Formula

Should Learn

e Decimal Scaling

e Applications
Optional

e Advanced Scaling Methods

Read This 10 Minutes Before Exam

Normalization = Feature Scaling
Most Important Techniques:
Min-Max

Z-Score

Key Benefit:

All features get equal importance.
Important Formula:
(X-Min)/(Max—Min)

Most Repeated PYQ:

Explain Min-Max Normalization.



Most Expected Question:

Explain Data Normalization with formulas, diagrams and applications.

Machine Learning Models

Why This Topic Exists?

Real-Life Problem

Imagine tum ek teacher ho aur tumhe predict karna hai ki kaunsa student exam me pass hoga aur

kaunsa fail.
Tumbhare paas data hai:

Attendance

Study Hours

Internal Marks

Assignments

Ab tum manually har student ke liye prediction nahi kar sakte.

Is problem ko solve karne ke liye Machine Learning Models banaye gaye.

Machine Learning Model ek mathematical system hota hai jo past data se patterns seekhta hai aur

future predictions karta hai.

Real Life Examples:

¢ Netflix movie recommendation

e YouTube video suggestion

e Amazon product recommendation
e Face Unlock

e ChatGPT



Ye sab ML Models ki wajah se possible hai.

Beginner Explanation

Suppose tum ek cricket coach ho.
Tumne observe kiya:

More Practice

More Performance

Ab tum ek rule bana lete ho:

"Jo player zyada practice karega uska score zyada hoga."
Ye rule hi ek simple Machine Learning Model hai.
Machine Learning Model ka kaam:

Data

Learning

Pattern Discovery
Prediction

Simple words me:

Machine Learning Model is a system that learns from data and makes predictions or decisions

without being explicitly programmed.



Core Exam Definitions

2 Marks Definition

A Machine Learning Model is a mathematical representation that learns patterns from data and

makes predictions.

5 Marks Definition

A Machine Learning Model is an algorithm trained on data to identify patterns, relationships and

trends for making predictions or decisions.

7 Marks Definition

A Machine Learning Model is a computational and mathematical framework that learns from
historical data, extracts meaningful patterns and uses them to perform classification, prediction,

recommendation or decision-making tasks automatically.

Detailed Explanation

What is a Machine Learning Model?

Machine Learning Model is the final learned system produced after training data is processed by a

Machine Learning algorithm.

Training Data

ML Algorithm



Learning Process
ML Model

Predictions

Components of ML Model

1. Input Data

Data provided to model.
Examples:

o Age

Salary
Marks

Images

2. Features

Important characteristics used for learning.
Example:

Student Prediction:

Features:

e Attendance



e Study Hours

e Internal Marks

3. Training Algorithm

Learning mechanism.
Examples:

e Linear Regression
¢ Decision Tree

e Neural Network

4. Output

Prediction or Decision.
Examples:

e Pass/Fail
e Spam / Not Spam
e Cat/Dog

Visual Learning Diagram

Raw Data
Data Preprocessing

Training Algorithm



Machine Learning Model

Prediction

Decision

Types of Machine Learning Models

1. Supervised Learning Models

Most Common Category
Training data contains labels.
Example:

Student Data

Pass / Fail Labels

Model Learns

Examples:

Linear Regression

Logistic Regression

Decision Tree

Random Forest



e SVM

2. Unsupervised Learning Models

No labels provided.
Model discovers hidden patterns.
Example:

Customer Data

Grouping

Clusters
Examples:

e K-Means Clustering

e Hierarchical Clustering

3. Reinforcement Learning Models

Model learns through rewards and penalties.
Example:
Game Playing Al

Action

Reward



Learning
Examples:

¢ Q-Learning
e SARSA

Memory Trick

SUR Rule

S = Supervised

U = Unsupervised
R = Reinforcement

Most important classification.

Popular Machine Learning Models

Linear Regression

Used for prediction of continuous values.
Example:

House Price Prediction

Logistic Regression

Used for classification.



Example:

Pass or Fail

Decision Tree

Tree-like decision structure.
Example:

Loan Approval

Random Forest

Multiple Decision Trees.

More accurate.

Support Vector Machine (SVM)

Creates optimal boundary between classes.

K-Means Clustering

Groups similar data.

Neural Network

Inspired by human brain.
Used in:

e Deep Learning



e Computer Vision

e NLP

Model Training Process

Step 1:

Collect Data

Step 2:

Preprocess Data

Step 3:

Choose Algorithm

Step 4:

Train Model

Step 5:

Evaluate Model

Step 6:

Deploy Model



Characteristics of Good ML Model

High Accuracy

Predictions should be correct.

Generalization

Works on unseen data.

Low Error

Prediction mistakes should be minimal.

Fast Execution

Quick prediction generation.

Scalability

Can handle large datasets.

Advantages of Machine Learning Models

1. Automation

Reduces manual effort.



2. Fast Predictions

Provides instant results.

3. Pattern Detection

Finds hidden relationships.

4. Better Decisions

Supports intelligent systems.

5. Continuous Learning

Can improve with new data.

Disadvantages of Machine Learning Models

1. Data Dependency

Requires quality data.

2. Training Cost

Complex models need resources.

3. Overfitting Risk

Model may memorize data.



4. Black Box Problem

Difficult to interpret some models.

Applications of Machine Learning Models

Healthcare

Disease Prediction

Banking

Fraud Detection

Education

Student Performance Prediction

E-Commerce

Recommendation Systems

Social Media

Content Suggestions

Autonomous Vehicles

Self-driving Cars



Real-Life Examples

Student Life

Predicting exam performance.

Mobile Apps

Face Unlock Systems.

Banking

Credit Score Prediction.

Shopping

Product Recommendations.

Social Media

Instagram Feed Recommendations.

PYQ Intelligence

Topic:
Machine Learning Models

PYQ Frequency:
2.8.8.8.8.9



Years Asked:
2020
2022
2024
2025

Last Asked:
2025

Question Pattern:

Explain ML Models
Types of ML Models

Supervised vs Unsupervised

Applications

Very Important Topic

Examiner Keywords

Always Include:

e Training Data

e Prediction

e Learning Algorithm
e Features

¢ Classification

e Regression

o Generalization

e Model Training

Important Questions



7 Mark Questions

1. Explain Machine Learning Models.
2. Explain types of ML Models.
3. Differentiate Supervised and Unsupervised Learning Models.

4. Explain characteristics of a gopod ML Model.

14 Mark Questions

1. Explain Machine Learning Models with architecture, types and applications.
2. Discuss the complete Machine Learning Model development process.

3. Explain various Machine Learning Models with suitable examples.

Most Expected Questions

95% Probability

Explain types of Machine Learning Models.

90% Probability

Explain Supervised, Unsupervised and Reinforcement Learning Models.

80% Probability

Discuss architecture and working of Machine Learning Models.

Common Mistakes

> Confusing Algorithm and Model.

X Forgetting model training process.



2 Not explaining examples.
> Mixing Supervised and Unsupervised Learning.

X Missing diagram.

RGPV Answer Writing Format

Introduction

Machine Learning Models are intelligent systems that learn patterns from data and perform

predictions automatically.
Definition

A Machine Learning Model is a trained computational system used for prediction and decision

making.
Diagram

Data

Algorithm

Training

ML Model

Prediction



Working

1. Collect Data

2. Preprocess Data
3. Train Model

4. Evaluate Model
5. Deploy Model

Advantages

e Automation
e Better Accuracy

¢ Fast Decisions

Disadvantages

¢ Requires Data
¢ Training Cost

e Overfitting

Applications

Healthcare
Banking
Education

E-Commerce

Conclusion

Machine Learning Models form the core of modern Al systems and enable intelligent decision

making using data.



Marks Optimization

7 Marks

Write:

Definition

e Diagram

Types

Applications
Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction
e Definition

e Architecture
e ‘Types

e Working

¢ Advantages

¢ Disadvantages
e Applications

e Conclusion
Minimum:

4-5 Pages



How Examiner Gives Full Marks

v/ SUR Classification
v/ Architecture Diagram
v/ Examples

v/ Applications

v/ Training Process

v/ Keywords

Topper Notes

e ML Model = Learned System.
¢ Algorithm trains Model.
e SUR Rule:
Supervised
Unsupervised
Reinforcement
e Training Data is essential.
e Neural Networks are advanced ML Models.

¢ Generalization is important.

e PYQ Frequency = % % % % %

Memory Retention Techniques

Story Method

Imagine a student learning from previous year papers and predicting exam questions.



Student = Model
PYQs = Training Data

Prediction = Output

Analogy Method

Machine Learning Model is like a trained doctor who diagnoses diseases using past experience.

Visual Association Method

Data

Learning

Model

Prediction

Remember this flow.

One-Minute Revision Box

ML Model

Learns Patterns



Makes Predictions
Types:
Supervised
Unsupervised
Reinforcement
Keywords:
Training Data
Features
Prediction
Generalization
PYQ:

2. 8.8.8.8 ¢

If Exam Is Tomorrow

Remember:

SUR Rule

S = Supervised

U = Unsupervised
R = Reinforcement
Important Diagram:

Data



Training

Model

Prediction
Most Expected Question:

Explain Machine Learning Models and their types.

10-CGPA Mode

Must Learn

Definition

Types
SUR Rule

Applications

Should Learn

e Training Process

e Characteristics

Optional

e Advanced Models

Read This 10 Minutes Before Exam



Machine Learning Model = Trained Prediction System
Types:

1. Supervised
2. Unsupervised

3. Reinforcement
Important Diagram:
Data — Algorithm — Model — Prediction
Most Repeated PYQ:
Explain Types of Machine Learning Models.
Most Expected Question:

Explain Machine Learning Models with architecture, working and applications.

Supervised Learning and Unsupervised

Learning

Why This Topic Exists?

Real-Life Problem

Imagine tum ek school teacher ho.

Tumhare paas students ka data hai:

Study Hours Marks Result




2 35 Fail

4 55 Pass

6 75 Pass

Agar Result (Pass/Fail) pehle se diya hua hai, to tum easily pattern samajh sakte ho.

Lekin agar Result column hi na ho aur tumhe khud groups banana ho, to situation alag ho jayegi.
Machine Learning me bhi exactly do situations hoti hain:

Situation 1

Output known hai.

— Supervised Learning

Situation 2

Output unknown hai.
— Unsupervised Learning

Isi problem ko solve karne ke liye Machine Learning ko do major categories me divide kiya gaya

hai:

1. Supervised Learning

2. Unsupervised Learning

Beginner Explanation

Imagine ek classroom hai.

Supervised Learning

Teacher students ko answer key ke saath padhata hai.



Student ko pehle se correct answer pata hota hai.
Teacher supervise karta hai.
Example:

Question

Correct Answer

Learning

Isi liye isse Supervised Learning kehte hain.

Unsupervised Learning

Ab imagine students ko bina teacher ke room me chhod diya gaya.
Students khud groups bana lete hain.

Kisi ne guide nahi kiya.

Example:

Students

Observe Similarity

Groups Form

Ye Unsupervised Learning hai.



Core Exam Definitions

2 Marks Definition

Supervised Learning is a Machine Learning technique in which training data contains labeled

outputs.

Unsupervised Learning is a Machine Learning technique in which training data does not contain

labeled outputs.

5 Marks Definition

Supervised Learning learns from labeled data and predicts outputs, whereas Unsupervised

Learning discovers hidden patterns and relationships from unlabeled data.

7 Marks Definition

Supervised Learning is a Machine Learning approach where models are trained using input-
output pairs to perform prediction and classification tasks. Unsupervised Learning is a Machine
Learning approach where models learn patterns, structures and relationships from unlabeled data

without predefined outputs.

Detailed Explanation

Part A: Supervised Learning

What is Supervised Learning?

In Supervised Learning:



Input Data + Correct Output
are provided.
Model learns relationship between them.

Training Data

Input + Label

Learning

Prediction

Visual Diagram

Training Data

(Input + Output)

Model Training

Machine Learning Model

Prediction

Examples



Student Result Prediction

Input:

e Attendance

e Study Hours
Output:

Pass / Fail

House Price Prediction

Input:

e Area

e J.ocation
Output:

Price

Email Spam Detection

Input:
Email Content
Output:

Spam / Not Spam

Types of Supervised Learning

1. Classification

Output is category.



Examples:

e Pass/Fail
e Spam / Not Spam
e Cat/Dog

2. Regression

Output is numerical value.
Examples:

¢ House Price
e Temperature

e Stock Price

Popular Algorithms

e Linear Regression
e Logistic Regression
¢ Decision Tree

¢ Random Forest

¢ SVM

e Neural Networks

Advantages of Supervised Learning

High Accuracy

Easy Evaluation

Clear Objectives
Widely Used

Disadvantages of Supervised Learning



¢ Requires Labeled Data
e Labeling Cost is High

e Time Consuming

Part B: Unsupervised Learning

What is Unsupervised Learning?

In Unsupervised Learning;:

Only Input Data is provided.

No correct output available.

Model finds hidden patterns automatically.

Training Data

Input Only

Pattern Discovery

Clusters / Groups

Visual Diagram

Input Data

Pattern Discovery



Grouping

Insights

Examples

Customer Segmentation

Grouping customers based on behavior.

Market Basket Analysis

Products frequently bought together.

Social Media User Grouping

Finding similar users.

Types of Unsupervised Learning

1. Clustering

Grouping similar objects.
Example:

Customer Groups

2. Association

Finding relationships.



Example:

Milk + Bread purchased together.

3. Dimensionality Reduction

Reducing unnecessary features.

Example:

PCA

Popular Algorithms

e K-Means

e Hierarchical Clustering
e DBSCAN

o PCA

e Apriori

Advantages of Unsupervised Learning

¢ No Label Requirement
¢ Finds Hidden Patterns

e Useful for Exploration

Disadvantages of Unsupervised Learning

e Lower Accuracy
e Difficult Evaluation

e Complex Interpretation



Comparison Table

Feature Supervised Learning Unsupervised Learning
Labels Available Not Available

Output Known Unknown

Goal Prediction Pattern Discovery
Accuracy Higher Lower

Examples Regression, Classification Clustering

Algorithms SVM, Decision Tree K-Means, PCA

Memory Trick

Supervised Learning

Teacher Supervises Student

Output Known

Unsupervised Learning

Students Form Groups Themselves




Output Unknown

Visual Learning Diagram

Machine Learning

Supervised Unsupervised

Known Output Unknown Output

Prediction Grouping

Real-Life Examples

Student Life

Supervised:
Marks Prediction
Unsupervised:

Student Group Formation



Mobile Apps

Supervised:
Face Recognition
Unsupervised:

User Segmentation

Banking

Supervised:
Loan Approval
Unsupervised:

Customer Clustering

Shopping

Supervised:
Sales Prediction
Unsupervised:

Customer Grouping

Social Media

Supervised:
Spam Detection

Unsupervised:



Interest-Based Communities

PYQ Intelligence

Topic:

Supervised and Unsupervised Learning

PYQ Frequency:
1. 8. 8. 8.8 ¢

Years Asked:
2020
2022
2024
2025

Last Asked:
2025

Question Pattern:

Explain Supervised Learning

Explain Unsupervised Learning

Differentiate Supervised vs Unsupervised

Applications

Very Important Topic

Examiner Keywords

Always Include:

¢ Labeled Data
e Unlabeled Data



e Prediction

¢ Classification

e Regression

e (Clustering

e Pattern Discovery

e Machine Learning

Important Questions

7 Mark Questions

1. Explain Supervised Learning.
2. Explain Unsupervised Learning.
3. Differentiate Supervised and Unsupervised Learning.

4. Explain Classification and Regression.

14 Mark Questions

1. Explain Supervised and Unsupervised Learning with examples and comparison.
2. Compare Supervised and Unsupervised Learning in detail.

3. Explain types, algorithms and applications of Supervised and Unsupervised Learning.

Most Expected Questions

95% Probability

Differentiate Supervised and Unsupervised Learning.

90% Probability

Explain Supervised Learning with examples.



80% Probability

Explain Classification and Regression.

Common Mistakes

¢ Students confuse Classification with Clustering.
X< Forgetting labels concept.

X Mixing Regression with Clustering.

¢ Not drawing comparison table.

X Missing examples.

RGPV Answer Writing Format

Introduction

Machine Learning techniques are broadly classified into Supervised and Unsupervised Learning

based on data labeling.

Definition

Supervised Learning uses labeled data while Unsupervised Learning uses unlabeled data.
Diagram

Input + Output

Supervised Learning



Prediction

Input Only

Unsupervised Learning

Pattern Discovery

Working

1. Collect Data
2. Train Model
3. Learn Patterns

4. Generate Output

Advantages

e Accurate Predictions
e Pattern Discovery

¢ Automation

Disadvantages

e Label Cost

e Complex Interpretation

Applications

Banking

Healthcare



Education

E-Commerce

Conclusion

Supervised and Unsupervised Learning form the foundation of Machine Learning and are widely

used in intelligent systems.

Marks Optimization

7 Marks

Write:

Definitions

Diagrams

Examples

Difference Table

Minimum:

2-3 Pages

14 Marks

Write:

¢ Introduction

¢ Definitions

e Types

e Algorithms

e Comparison Table

¢ Applications



e Advantages

e Conclusion
Minimum:

4-5 Pages

How Examiner Gives Full Marks

v/ Definition

v/ Diagram

v/ Difference Table
v/ Examples

v/ Algorithms

v/ Applications

v/ Keywords

Topper Notes

¢ Supervised = Labeled Data.

e Unsupervised = Unlabeled Data.

e Regression + Classification — Supervised.
e Clustering + PCA — Unsupervised.

e Teacher Analogy = Supervised.

¢ Student Group Analogy = Unsupervised.

e PYQ Frequency = % % % % %



Memory Retention Techniques

Story Method

Teacher teaches students using answer key.

Supervised Learning

Students form groups themselves.

Unsupervised Learning

Analogy Method

Supervised = Tuition Class

Unsupervised = Group Discussion

Visual Association Method

Known Answers

Supervised

Unknown Answers

Unsupervised



One-Minute Revision Box

Supervised
l

Labeled Data

Prediction

Regression
Classification
Unsupervised
!

Unlabeled Data

Pattern Discovery
!

Clustering

PCA

PYQ:

% %k Kok

If Exam Is Tomorrow



Remember:

Teacher = Supervised

Students Grouping = Unsupervised
Most Important Difference:

Labels Available?

Yes — Supervised

No — Unsupervised

Most Expected Question:

Differentiate Supervised and Unsupervised Learning.

10-CGPA Mode

Must Learn

Definitions

Difference Table

Classification

e Regression

Clustering

Should Learn

e Algorithms

e Applications
Optional

e Advanced Clustering Techniques



Read This 10 Minutes Before Exam

Supervised Learning

— Labeled Data

— Prediction

— Regression

— Classification
Unsupervised Learning
— Unlabeled Data

— Pattern Discovery

— Clustering

- PCA

Most Repeated PYQ:
Differentiate Supervised and Unsupervised Learning.
Most Expected Question:

Explain Supervised and Unsupervised Learning with neat diagram and examples.



