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Artificial Intelligence (Al) is transforming the way we live, work, and interact. From
recommendation systems to self-driving cars, Al is shaping the future across every industry.

What is Artificial Intelligence (Al)?

Artificial Intelligence (Al) is the field of computer science that focuses on creating systems
or machines that can simulate human intelligence. These systems can perform tasks such as
learning, reasoning, problem-solving, understanding language, recognizing patterns, and even
making decisions.

In simple terms, Al is when machines are programmed to think, learn, and act like
humans, either by mimicking cognitive functions or by using algorithms to process data and
solve problems.

History & Evolution of Al

Era Milestone / Description

1940s— Birth of Al Ideas: Alan Turing proposed the idea of machines that could

1950s simulate any human task. Turing Test introduced (1950) to test machine
intelligence.

1956 Official Birth of Al: The term “Artificial Intelligence” was coined at the

Dartmouth Conference by John McCarthy, Marvin Minsky, Nathaniel
Rochester, and Claude Shannon. This is considered the beginning of Al as a

field.
1950s— Early Al Programs: Simple programs that could solve math problems and
1970s play games like checkers and chess. Early development of symbolic Al
(logic-based).
1970s— Al Winter Begins: High expectations failed to meet practical results. Funding
1980s dropped due to slow progress. Still, expert systems (like MYCIN) were
developed to solve domain-specific problems.
1990s Al Renaissance: Increased computing power and algorithm development led

to progress in machine learning and data mining. In 1997, IBM’s Deep
Blue defeated world chess champion Garry Kasparov.

2000s Rise of Data and Internet: Availability of big data and improved processing
power fueled rapid Al development, especially in natural language
processing and speech recognition.

2010s Deep Learning Revolution: Breakthroughs in neural networks, especially
deep learning using GPUs. Technologies like image recognition, NLP (e.g.,
Siri, Alexa), and self-driving cars advanced. Notable models: AlexNet
(2012), AlphaGo (2016).
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2020s Generative Al Era: Large Language Models (LLMs) like GPT-3, GPT-4,
DALL-E, ChatGPT, and others revolutionize Al by creating human-like text,
images, and code. Focus on ethics, explainability, and Al governance

grows.
Future Focus is shifting toward General Al, responsible Al, integration into all
(Beyond industries, and Al-human collaboration. Key areas include robotics,
2025) autonomous systems, and cross-disciplinary applications (e.g., healthcare,
law, finance).

Summary

e Al = Machines simulating human intelligence.

o Started: 1956 (Dartmouth).

o Key Evolution: From logic-based programs — to learning-based models — to today's
generative and adaptive systems.

e Types of Al: Narrow Al, General Al (future), and Superintelligence (theoretical).

e Core Technologies: Machine learning, deep learning, NLP, robotics, computer
vision.

What is Artificial Intelligence?

Al is the simulation of human intelligence by machines. It allows computers to think, learn,
and make decisions, mimicking human cognitive processes.

Features of Al:

e Learning from data

e Solving problems

o Pattern recognition

e Language understanding
o Decision-making

Key Concepts in Al

Term|Meaning

Al Makes machines intelligent

ML ||[Enables machines to learn from data

DL |Uses artificial neural networks to model human brain-like logic

Alan Turing & The Turing Test

British mathematician Alan Turing introduced the concept of machines that can "think" in
1950.
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Turing Test:

A machine is considered intelligent if it can convince a human that it is human in a
conversation.

Timeline of Al Evolution

e 1950s: Alan Turing & logic-based Al

e 1956: Dartmouth Conference defines Al

e 1970s: Expert systems emerge

e 1997: IBM Deep Blue beats chess champion
e 2011: IBM Watson wins Jeopardy!

e 2016: AlphaGo defeats Go master

e 2020s: Rise of generative Al (e.g., ChatGPT)

Categories of Al
Al can be classified based on capability:
1. Narrow Al (Weak Al)

e Focused on one task
o Examples: Alexa, Google Translate

2. General Al (Strong Al)

o Performs any intellectual task like a human
« Still theoretical

3. Super Al

e Exceeds human intelligence
o Potential for self-awareness and autonomy

Differences in Al Types

Al Type |Description Stage
Narrow Al | Task-specific Existing
General Al||Multi-tasking, adaptable Experimental
Super Al |Outperforms humans in all areas||Hypothetical

Real-world Applications of Al

Al is revolutionizing various industries:
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Key Areas:

e Healthcare

e Finance

e Education
e Agriculture
e Retail

o Transportation
« Entertainment

Al in Healthcare
Al assists in diagnostics, treatment planning, and patient care:

o Medical Imaging: Al detects cancer, fractures

e Virtual Assistants: Help manage chronic conditions
e Drug Discovery: Speeds up development

o Robotic Surgery: Increases accuracy

Al in Finance

e Fraud Detection: Recognizes unusual patterns

e Credit Risk Scoring: Analyzes customer data

e Algorithmic Trading: Makes trades faster than humans
o Chatbots: Handle customer service

Al in Education

e Smart Classrooms: Personalized learning platforms

e Auto-Grading: Saves teachers time

e Language Learning Apps: Use NLP for real-time feedback
e Virtual Tutors: Support outside classroom hours

Al in Agriculture & Manufacturing
Agriculture:

o Crop disease prediction
e Yield estimation
e Soil analysis using drones

Manufacturing:

e Predictive maintenance
e Quality control automation
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e Smart robotics in assembly lines
Challenges in Al Adoption

o Data Privacy Concerns

o Ethical dilemmas

o High cost of deployment

o Skill gaps in the workforce
o Bias in Al algorithms

What is Machine Learning?

Machine Learning is a branch of Al where computers learn from data without being explicitly
programmed.

How ML Works:

1. Collect Data

2. Train Model

3. Make Predictions

4. Improve Over Time

Types of Machine Learning

1. Supervised Learning

o Labeled data (e.g., spam detection)
2. Unsupervised Learning

o Finds patterns in data (e.g., customer segmentation)
3. Reinforcement Learning

o Learns from actions and feedback (e.g., game Al)

Common ML Algorithms

e Linear Regression

e Decision Trees

e Support Vector Machines
e K-Means Clustering

o Naive Bayes

e Random Forest

Applications of ML

e Voice Assistants (Speech Recognition)
e Recommendation Systems (Netflix, Amazon)
o Fraud Detection
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o Forecasting Sales or Stock Prices
e Predicting Customer Churn

What is Deep Learning?

Deep Learning is a type of ML that uses artificial neural networks with multiple layers (deep
networks) to model complex data.

Features:

e Mimics the human brain
e Requires large datasets
o Used for images, speech, and video

Deep Learning in Action
Examples:

e Image Recognition: Facebook tagging system
e Speech Recognition: Siri, Google Assistant

e Language Translation: Google Translate

e Chatbots: Customer service bots
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Chapter-2

Python for Al

Introduction to Python for Al

Python is one of the most popular programming languages in Artificial Intelligence (Al) and
Machine Learning (ML). Its simple syntax, ease of learning, and strong ecosystem of libraries
make it the go-to language for beginners and professionals alike.

You will learn:

o Basics of Python Programming
e NumPy and Pandas for data handling
e Matplotlib and Seaborn for data visualization

Why Python for Al?
Python is preferred in Al for the following reasons:

e Clean, readable syntax

o Extensive libraries (e.g., NumPy, Pandas, Scikit-learn, TensorFlow)
e Platform independence

e Strong community support

o Easy integration with web apps and databases

Setting Up Python
To install Python:

1. Download from https://www.python.org
2. Use an IDE like:
o Jupyter Notebook
o Visual Studio Code
o PyCharm
3. Recommended: Use Anaconda for managing environments and packages.

To check version:
python --version
Python Basics - Syntax & Indentation

Python uses indentation to define blocks of code.
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print ("Welcome to Python for AI")

if True:
print ("This block is properly indented")

Comments use #:
# This i1s a comment
Variables and Data Types
Common data types:

° int: 10

o« float: 3.14

e str: "Hello"

e bool: True/ False

o list: [1, 2, 3]
e dict: {"name™: "Al", "age™: 5}

Example:
name = "AI"
version = 3.0

Control Structures
Conditional Statements:
if age > 18:

print ("Adult")

else:
print ("Minor")

Loops:

for i in range (5):
print (i)

Functions in Python

Functions are reusable code blocks.
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def greet (name) :
return f"Hello, {name}"

print (greet ("Student"))

Lists, Tuples, and Dictionaries
List:

fruits = ["apple", "banana"]
print (fruits([0])

Tuple:

numbers = (1, 2, 3)

Dictionary:

info = {"name": "AI", "type": "tool"}

print (info["name"])

Introduction to NumPy

NumPy is used for numerical operations on arrays.
Install:

pip install numpy

Example:

import numpy as np

arr = np.array([1l, 2, 31])
print (arr.mean())

NumPy Arrays & Functions

Creating Arrays:

a = np.array([[1, 21, [3, 41])
print (a.shape)

Useful Functions:
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.mean ()
.sum /()
.reshape ()
.flatten ()

ORI

NumPy Operations

a = np.array([1l, 2])

b = np.array([3, 4])
print (a + b) # Element-wise addition
print (a * b) # Element-wise multiplication

print (np.dot (a, b)) # Dot product

Introduction to Pandas

Pandas is ideal for working with tabular data.

Install:

pip install pandas

Create DataFrame:

import pandas as pd

data = {"Name": ["Tom", "Jerry"], "Age": [21, 22]}

df = pd.DataFrame (data)
print (df)

Exploring DataFrames

df.head () # First 5 rows
df.describe () # Summary statistics
df.columns # Column names

df ["Age"] .mean () # Mean of column

Cleaning and Preparing Data

df.dropna ( # Drop missing values

)
df.fillna (0) # Replace missing values
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df ["Age"] = df["Age"].astype(int) # Convert type

Introduction to Matplotlib

Matplotlib is used for creating basic visualizations.
Install:

pip install matplotlib

Example:

import matplotlib.pyplot as plt

plt.plot([1, 2, 3], [4, 5, 6])
plt.show ()

Common Plot Types

e LinePlot

e Bar Chart

e Scatter Plot
e Histogram

Bar Chart Example:
plt.bar(["A", an, "C"], [5, 7, 3])

plt.title("Scores™)
plt.show ()

Introduction to Seaborn

Seaborn is built on Matplotlib and is good for statistical plots.
Install:

pip install seaborn

import seaborn as sns
sns.histplot([10, 20, 20, 30, 40])

Seaborn Plot Examples
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# Heatmap
sns.heatmap (df.corr (), annot=True)

# Scatter plot with linear fit
sns.lmplot (x="Age", y="Marks", data=df)

# Pairplot
sns.pairplot (df)

Mini Al Project Using Python

Steps:
1. Load CSV data using Pandas
2. Clean and explore the data
3. Visualize patterns with Seaborn
4. Use Scikit-learn for ML (later in course)
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Chapter-3

Basics of Machine Learning

Introduction to Machine Learning

Machine Learning (ML) is a subfield of Artificial Intelligence that enables machines to
learn from data without being explicitly programmed. It allows computers to make decisions,
detect patterns, and improve their performance over time.

Types of Machine Learning
There are three main types of machine learning:
a) Supervised Learning

e Data is labeled (input — output).
e The algorithm learns from the given inputs and correct outputs.
o Examples: Spam detection, House price prediction

b) Unsupervised Learning

o Data is not labeled.
e The algorithm tries to discover patterns and groupings in the data.
o Examples: Customer segmentation, Topic modeling

c¢) Reinforcement Learning (Not covered in depth here)
e The model learns by trial and error to maximize rewards.
Supervised Learning Explained
In Supervised Learning, each training example is paired with a corresponding label.
Examples:

e Predicting student marks based on study hours.
e Identifying whether an email is spam or not.

Two major categories:

e Regression
o Classification
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Regression Basics
Regression is used when the output is a continuous value.
Examples:

o Predict house prices
o Forecast temperature

Simple Linear Regression:

Tries to fit a straight line through the data:
y = mx + C

Where:

e vy isthe predicted output
e x isthe input variable

e m s the slope

e cisthe intercept

Classification Basics
Classification is used when the output is a category or label.
Examples:

o Classifying emails as spam or not
o Diagnosing disease as “positive” or “negative”

Common Classification Algorithms:
e Logistic Regression
e Decision Tree

e K-Nearest Neighbors (KNN)
e Support Vector Machine (SVM)

Unsupervised Learning Explained

In Unsupervised Learning, there are no labels. The model tries to find structure or patterns.
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Common Techniques:

e Clustering: Grouping similar data points (e.g., K-Means)
o Dimensionality Reduction: Reducing the number of features while preserving
patterns (e.g., PCA)

Use Cases:

o Market segmentation
e Recommender systems
e Customer behavior analysis

Scikit-learn:
Introduction
Scikit-learn is one of the most popular Python libraries for machine learning. It provides:

e Tools for data preprocessing
e Algorithms for classification, regression, clustering
o Evaluation metrics

Installation:
pip install scikit-learn
Workflow of a Machine Learning Model

Import necessary libraries

Load dataset

Split dataset into training and test sets
Choose a model

Train the model

Test the model

Evaluate performance

No ook owdE

Example: Linear Regression with Scikit-learn

from sklearn.linear model import LinearRegression
from sklearn.model selection import train test split
import pandas as pd

# Load dataset
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data = pd.read csv("student scores.csv")
X = data[["Hours"]]
y = datal["Scores"]

# Split data

X train, X test, y train, y test = train test split (X

test size=0.2)

# Train model
model = LinearRegression ()
model.fit (X train, y train)

# Predict
predictions = model.predict (X test)
print (predictions)

Example: Classification with KNN

from sklearn.datasets import load iris
from sklearn.model selection import train test split
from sklearn.neighbors import KNeighborsClassifier

# Load dataset

iris = load iris()
X = iris.data
y = iris.target

# Split data

X train, X test, vy train, vy test = train test split(X

test size=0.2)
# Train model
model = KNeighborsClassifier (n neighbors=3)

model.fit (X train, y train)

# Predict
preds = model.predict (X test)
print (preds)

Model Evaluation Metrics

For Regression:

-16-
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e Mean Absolute Error (MAE)
e Mean Squared Error (MSE)
e R?Score

For Classification:

e Accuracy Score
« Precision, Recall, F1 Score
o Confusion Matrix

Practical Tips for Beginners

e Always visualize data before training a model

e Scale/normalize your data using StandardScaler
e Avoid overfitting by cross-validation

o Use multiple algorithms to compare results
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Mini Projects & Tools in Al

Introduction

Theory is powerful, but practical implementation is what makes your Al learning complete.
In this part of your Al course, we will guide you through:

e How to build a basic ML model

e How to use tools like ChatGPT and Google’s Teachable Machine
e Afinal quiz to test your understanding

o A feedback mechanism to reflect on your learning

Building a Basic ML Model

Let’s build a Spam Email Detector or House Price Predictor using Scikit-learn.
Project 1: Spam Email Classifier

Objective:

Create a model to classify emails as Spam or Not Spam using the Naive Bayes algorithm.

Tools Required:
e Python
e Scikit-learn
e Pandas

e Jupyter Notebook

Sample Code:

import pandas as pd

from sklearn.model selection import train test split

from sklearn.feature extraction.text import CountVectorizer
from sklearn.naive bayes import MultinomialNB

from sklearn.metrics import accuracy score

# Load dataset

data = pd.read csv("spam.csv", encoding='latin-1")
data = datal[['vl', 'v2']]

data.columns = ['label', 'message']
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# Preprocessing

data['label'] = data['label'].map({'ham': 0, 'spam': 1})

# Split

X train, X test, y train, y test =
train test split(datal'message'], data['label'],

test size=0.2)

# Vectorization

vectorizer = CountVectorizer ()

X train vec = vectorizer.fit transform(X train)
X test vec = vectorizer.transform(X test)

# Model
model = MultinomialNB ()
model.fit (X train vec, y train)

# Evaluate
preds = model.predict (X test vec)
print ("Accuracy:", accuracy score(y test, preds))

Project 2: House Price Predictor
Objective:
Predict house prices based on features like square footage, bedrooms, etc.

Sample Code:

from sklearn.linear model import LinearRegression
from sklearn.model selection import train test split
import pandas as pd

# Load sample data

data = pd.read csv('housing.csv')
X = data[['Area', 'Bedrooms']]

y = datal['Price']

# Split
X train, X test, vy train, y test = train test split(X, vy,
test size=0.2)

# Train

model = LinearRegression ()
model.fit (X train, y train)
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# Predict
predictions = model.predict (X test)
print (predictions[:5])

Introduction to ChatGPT
What is ChatGPT?

ChatGPT is an Al-based chatbot developed by OpenAl. It uses a language model (GPT-4 or
higher) to generate human-like responses.

Applications of ChatGPT:

o Content writing

e Coding assistance

o Language translation
e Customer service

e Teaching & learning

How to Use:
1. Visit https://chat.openai.com

2. Sign up/log in
3. Start typing your queries or prompts

Example:
Prompt: "Explain Naive Bayes with an example."
ChatGPT responds with a clear explanation.

Teachable Machine by Google
What is Teachable Machine?

Teachable Machine is a web-based tool by Google that lets you train models without writing
any code.

What You Can Build:

o Image classification (e.g., smile detection)
e Sound recognition
o Pose classification
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Steps:

Go to https://teachablemachine.withgoogle.com
Choose your model type (Image/Sound/Pose)
Upload or record training samples

Train your model

Export it as a web model or TensorFlow model

gk wbdE

Example Project:

e Train your computer to recognize your happy vs. sad face
o Export the model and test it live in a browser

Final Quiz (5 Questions)
Multiple Choice (Choose the correct answer)

1. What type of learning requires labeled data?
A. Unsupervised
B. Reinforcement
C. Supervised [
D. None
2. Which algorithm is best for spam classification?
A. K-Means
B. Decision Tree
C. Naive Bayes [
D. PCA
3. Which of the following is a Python library for machine learning?
A. NumPy
B. Pandas
C. Seaborn
D. Scikit-learn []
4. What does ChatGPT stand for?
A. Chat General Process Tool
B. Chat Generative Pre-trained Transformer [
C. Chat with General People
D. Chat by Google
5. Teachable Machine is made by:
A. Microsoft
B. Amazon
C. Google [
D. IBM
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Self-Reflection & Feedback

Self-Assessment Checklist

| understand how supervised learning works
I can build a simple classification model
I can describe what ChatGPT is and its uses

| can use Teachable Machine for basic training

I D R B B

. | attempted the final quiz with confidence
Feedback Questions:

1. Which project did you enjoy the most and why?
2. Which tool did you find most helpful: ChatGPT or Teachable Machine?
3. Do you feel more confident in building real-world Al applications?
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Chapter-5

Advanced Machine Learning Algorithms

(Comprehensive Guide to Core ML Models and Their Evaluation)

Introduction

This eBook focuses on advancing your knowledge in supervised machine learning algorithms
and model evaluation. We'll explore:

o Decision Trees

e Random Forests

o K-Nearest Neighbors (KNN)

o Evaluation metrics: Accuracy, Confusion Matrix, Precision, Recall, and F1 Score

Decision Trees
What is a Decision Tree?

A Decision Tree is a flowchart-like structure used for both classification and regression. It
splits data into branches based on feature values until a decision is made.

Key Concepts:

e Root Node - starting point

o Leaf Node — decision/result

e Internal Node — a test on a feature

e Gini Index / Entropy — used to split nodes (criteria for purity)

Sample Python Implementation:

from sklearn.tree import DecisionTreeClassifier

from sklearn.datasets import load iris

from sklearn.model selection import train test split

iris = load iris()
X train, X test, y train, y test = train test split(iris.data,
iris.target)

model = DecisionTreeClassifier ()

model.fit (X train, y train)
print ("Score:", model.score (X test, y test))
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Pros:

o Easy to understand and interpret
o Works well for categorical data

o Prone to overfitting
e Unstable with small data changes

Random Forest
What is Random Forest?

A Random Forest is an ensemble of decision trees. It combines the predictions from
multiple trees to improve accuracy and reduce overfitting.

How It Works:

o Builds multiple trees on different data samples
o Takes the average (regression) or majority vote (classification)

Sample Code:

from sklearn.ensemble import RandomForestClassifier
model = RandomForestClassifier(n estimators=100)
model.fit (X train, y train)

print ("Accuracy:", model.score (X test, y test))

Pros:

e High accuracy
o Handles missing data well
e Reduces variance (compared to a single decision tree)

e Complex and slow to interpret
e Requires more computational power

K-Nearest Neighbors (KNN)

What is KNN?
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KNN is a lazy learning algorithm that classifies a new data point based on the majority class
of its ‘K’ nearest neighbors.

Key Steps:

Choose value of K

Calculate distances to all points
Identify K-nearest points
Majority voting decides the class

oD RE

Sample Code:
from sklearn.neighbors import KNeighborsClassifier

model = KNeighborsClassifier (n neighbors=3)
model.fit (X train, y train)
print ("Score:", model.score (X test, y test))

Distance Metrics:

¢ Euclidean Distance
« Manhattan Distance
¢ Minkowski Distance

e Simple and effective
e No training phase needed

e Slow with large datasets
e Sensitive to feature scaling

Model Evaluation Overview

It’s essential to evaluate how well your model performs. Accuracy alone is not sufficient,
especially with imbalanced datasets.

Key metrics include:

e Confusion Matrix
e Precision
e Recall
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e F1 Score

Confusion Matrix
What is a Confusion Matrix?

A table that shows the performance of a classification model:

Confusion Matrix|[Predicted Positive||Predicted Negative

Actual Positive  |[True Positive (TP) |[False Negative (FN)

Actual Negative |[False Positive (FP) |[True Negative (TN)

Python Example:

from sklearn.metrics import confusion matrix

y _pred = model.predict (X test)
cm = confusion matrix(y test, y pred)
print (cm)

Precision and Recall
Precision

Precision=TP /(TP + FP)
It tells you how many of the predicted positives are actually positive.

Recall

Recall = TP / (TP + FN)
It tells you how many actual positives were correctly predicted.

When to use:

e High precision is important when false positives are costly (e.g., spam detection)
e High recall is important when missing a positive is costly (e.g., cancer diagnosis)

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -27-

F1 Score

The F1 Score is the harmonic mean of precision and recall.

F1 =2 * (Precision * Recall) / (Precision + Recall)

It gives a better measure than accuracy when there’s an uneven class distribution.
Example:

from sklearn.metrics import fl score

fl = f1 score(y test, y pred, average='macro')
print ("F1 Score:", f1)

Hands-on Mini Exercise
Use the Iris dataset or Breast Cancer dataset from Scikit-learn to:

e Train models using DecisionTree, RandomForest, and KNN
e Compare their scores
e Print confusion matrix, precision, recall, and F1-score

Quiz (10 Questions)

1. What does Random Forest use to make decisions?
A. One tree
B. Multiple trees [J
C. Neural Network
D. None of the above
2. KNN is best used for:
A. Regression
B. Classification
C. Both [
D. None
3. What is the downside of Decision Trees?
A. Too fast
B. Overfitting [
C. Too accurate
D. Needs lots of data

... (Add more questions)
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Summary

Algorithm Use Case Pros Cons

Decision Tree | Classification Easy to interpret | Over fitting
Random Forest | Both High accuracy Less interpretable
KNN Classification | No training time Slow at prediction
What’s Next?

e Learn about Support Vector Machines (SVM)
e Dive into Hyper parameter tuning
o Explore Ensemble methods like XGBoost and AdaBoost
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Chapter-6

Introduction to Neural Networks

(A Foundational Guide to Perceptrons, ANN, Activation Functions &
TensorFlow/Keras)

What are Neural Networks?

Artificial Neural Networks (ANNSs) are computing systems inspired by the biological neural
networks of the human brain. They are the foundation of modern Deep Learning and are used
in tasks like image recognition, speech processing, natural language understanding, and more.

Biological vs Artificial Neurons
Biological Neuron: Receives signals, processes them, and sends output to other neurons.

Artificial Neuron: Takes inputs, applies a weight, passes it through an activation function,
and produces an output.

What is a Perceptron?

A perceptron is the simplest form of a neural network. It's a single-layer model introduced
by Frank Rosenblatt in 1958.

Components:

e Inputs (x1, x2,...)

e Weights (w1, wz,...)

e Bias (b)

e Activation Function (step function originally)
e Output (y)

Equation:
y = Activation (wixqy + wWyxp + ... + b)

Limitations of Perceptron

e Only handles linearly separable data.
e Cannot solve problems like XOR.
e No hidden layer: lacks learning capacity for complex data patterns.

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -30-

Introduction to Artificial Neural Networks (ANNS)
ANNSs are composed of layers:

o Input Layer
e One or more Hidden Layers
o Output Layer

Each layer consists of neurons, connected to the next layer with weights.
ANN Architecture
Feedforward Neural Network (FNN): Information flows in one direction.

Backpropagation: A learning algorithm that updates weights by minimizing error through
gradient descent.

Forward Propagation
This is how information flows:

Inputs are multiplied by weights
Passed through activation function
Forwarded to next layer

Output is generated

Mo

Backpropagation Explained
Used for training ANNSs by reducing the error:

e Calculate the loss (e.g., Mean Squared Error)
o Compute gradients using chain rule
o Update weights using gradient descent

Loss Function
The goal is to minimize this function:

e MSE (Mean Squared Error) for regression
e Cross-Entropy for classification

Loss = Difference between predicted and actual output.

Activation Functions — Introduction
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Activation functions determine whether a neuron should “fire”” and pass its signal onward.
They introduce non-linearity into neural networks, enabling them to model complex
relationships and learn intricate patterns.

Common Activation Functions

1. Sigmoid
Formula: o(x) =1/ (1 + e<sup>—x</sup>)
Output range: (0, 1)
Commonly used in binary classification tasks.
2. Tanh
Formula: tanh(x) = (e<sup>x</sup> — e<sup>—x</sup>) / (e<sup>x</sup> +
e<sup>—x</sup>)
Output range: (—1, 1)
3. ReLU (Rectified Linear Unit)
Formula: ReLU(x) = max(0, x)
Widely used for its simplicity, computational efficiency, and strong performance in
many applications.

Advanced Activation Functions

e Leaky ReLU: Solves "dying ReLU" problem
o Softmax: Converts outputs into probabilities (used in multi-class classification)

Building Your First ANN — Process

Define the problem

Prepare data (preprocessing, normalization)
Design architecture

Choose activation & loss function

Train the model

Evaluate and optimize

o akswdhE

Introduction to TensorFlow & Keras

TensorFlow is an open-source deep learning framework by Google.
Keras is a high-level API built on TensorFlow for rapid model building.
Why TensorFlow/Keras?

v/ [ Easy syntax

v [ Predefined layers

v/ [ GPU/TPU support

v/ [ Community & documentation
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Install TensorFlow/Keras
pip install tensorflow
Import in Python:

import tensorflow as tf
from tensorflow import keras

Simple ANN in Keras

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense

model = Sequential ([
Dense (16, activation='relu', input shape=(10,)),
Dense (8, activation='relu'),
Dense (1, activation='sigmoid')

1)

model.compile (optimizer="adam', loss="binary crossentropy',
metrics=['accuracy'])
model.fit (X train, y train, epochs=10, batch size=32)

Visualizing Model
Use:
model.summary ()
Or visualize with:

from tensorflow.keras.utils import plot model
plot model (model, show shapes=True)

Common Use Cases

e Image Recognition (CNNSs)

e Time Series Forecasting (RNNSs)

e NLP Tasks (LSTMs, Transformers)
e Anomaly Detection
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Chapter-7

Al Tools & Applications: A Practical Guide

Introduction to Al Applications

Artificial Intelligence (Al) has transformed the way we interact with technology. From
recognizing faces in photos to chatting with virtual assistants, Al powers much of today’s
smart systems. This ebook explores popular Al applications and practical tools used in the
industry.

Image Recognition - What Is 1t?

Image Recognition is the task of identifying objects, people, places, or actions in images
using Al algorithms.

Example: Face Unlock in smartphones, object detection in self-driving cars.
How Image Recognition Works
Steps:

Image is converted into pixel data.

Features are extracted (edges, colors, shapes).

A machine learning model (like CNN) predicts labels.
Output is matched with trained categories.

Howbde

Tool Highlight - OpenCV

OpenCV (Open Source Computer Vision Library) is a widely used open-source toolKkit for
real-time image processing.

v’ Image manipulation

v Face detection

v’ Obiject tracking

v/ Camera feed processing

Simple OpenCV Code (Face Detection)

import cv2

face cascade =
cvZ.CascadeClassifier ('haarcascade frontalface default.xml')
img = cv2.imread('image.jpg"')
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gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)
faces = face cascade.detectMultiScale(gray, 1.1, 4)

Use Cases of Image Recognition

e Security Surveillance

e Medical Imaging (detecting tumors)
e Retail (automated checkout)

e Industrial Robotics

Natural Language Processing (NLP)

NLP is the field of Al focused on making machines understand, interpret, and respond to
human language.

Common tasks:

e Sentiment Analysis

o Language Translation
e Text Summarization
e Question Answering

How NLP Works

Tokenization — Breaking text into words.

Stop-word Removal — Filtering common words like “is”, “the”.
Vectorization — Converting text to numbers.

Modeling — Classifying or generating text.

Howbde

Tool Highlight — Hugging Face
Hugging Face provides pre-trained models for NLP using its Transformers library.
Popular demos:

e BERT for Q&A
e GPT-2/GPT-3 for text generation
e T5 for translation

Website: https://huggingface.co

Chatbots — How They Work
Chatbots are Al tools that simulate human conversations. They are built using:

e NLP Engines
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e Intents & Entities
o Predefined scripts or ML models

Types:

e Rule-based
e Al-based (ML/NLP driven)

Example — ChatGPT

ChatGPT is an advanced Al chatbot trained on billions of words to answer questions, write
emails, translate languages, and more.

You can try it via:
https://chat.openai.com

Use Cases of Chatbots

e Customer Support

e Virtual Teaching Assistants

e FAQ Automation

e Lead Generation for businesses

Combining Image + NLP — Multimodal Al
Example: A tool that takes an image and generates a caption for it (like "A dog running on a beach™).
Libraries: CLIP (by OpenAl), BLIP (Bootstrapped Language-Image Pretraining)

Other Useful Al Tools

Tool Purpose

TensorFlow Deep learning development
Keras Neural network modeling
Teachable Machine | No-code model training
FastAl High-level ML APIs
Scikit-learn Classical ML models

Al in Real Industries

Industry Application

Healthcare | Disease detection, drug discovery

Education | Automated grading, personalized learning

Retail Recommendation engines

Banking Fraud detection, credit scoring

Transport | Route optimization, self-driving vehicles
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How to Access Hugging Face Models

1. Visit huggingface.co/models
2. Select atask (e.g., text classification)
3. Try the demo or use code like:

from transformers import pipeline
classifier = pipeline("sentiment-analysis")
print (classifier ("I love AI!"M™))

Real-life Al Example: Netflix

Netflix uses Al to:

e Recommend shows based on viewing history
o Generate thumbnails users are likely to click
o Predict user engagement to reduce churn

Al for Fun — Teachable Machine
Google's Teachable Machine allows users to:

e Train models using webcam or sound
o Classify images or poses
e Download and deploy without writing code!

Practice Project Ideas

1. Build a face mask detector using OpenCV
2. Create a basic sentiment analyzer with Hugging Face
3. Make a chatbot using Dialogflow or Rasa
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Chapter-8

Al Course: Project & Presentation

Introduction

Projects are the bridge between learning and implementation. In this part of the course, we
focus on real-world mini-projects, presenting your work, and wrapping up with certification.
You'll build either an image classifier or a basic chatbot, present it, and receive your

certificate.

Why Projects Matter

e Reinforce learning through application

o Demonstrate skills to peers or employers

e Learn end-to-end pipeline: planning — coding — testing — presenting
o Build confidence and creativity

Mini Project 1 — Image Classifier

Objective:

Create an Al model that classifies images into categories, e.g., cats vs. dogs or handwritten
digit recognition.

Tools Used:

e Python

e TensorFlow / Keras

e Jupyter Notebook

o Dataset (e.g., CIFAR-10, MNIST)

Steps to Build an Image Classifier

Import libraries (TensorFlow, Keras)

Load dataset

Preprocess data (normalization, reshaping)
Build CNN model (layers)

Howbdhde

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -38-

5. Compile & train the model
6. Evaluate and test
7. Deploy or save model

Sample Code for Image Classifier

from tensorflow.keras.datasets import mnist
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense, Flatten

(x_train, y train), (x _test, y test) = mnist.load data()
x _train, x test = x train/255.0, x test/255.0

model = Sequential ([
Flatten (input shape=(28,28)),
Dense (128, activation='relu'),
Dense (10, activation='softmax')
1)
model.compile (optimizer="'adam',
loss="'sparse categorical crossentropy', metrics=['accuracy'])
model.fit (x train, y train, epochs=5)

Mini Project 2 — Basic Chatbot
Objective:
Create a chatbot that can answer basic FAQs or simulate a conversation.
Tools Used:
e Python

e NLTK or ChatterBot
e Optional: Streamlit for Ul

Steps to Build a Chatbot

Choose intent or question types

Create conversation flow (or training data)
Train the chatbot model

Build a command-line or web interface

Howbdhdpe
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5. Test and improve
Sample Code — Simple Chatbot (ChatterBot)

from chatterbot import ChatBot
from chatterbot.trainers import ChatterBotCorpusTrainer

bot = ChatBot ('AI Bot')
trainer = ChatterBotCorpusTrainer (bot)
trainer.train ("chatterbot.corpus.english")

while True:

qguery = input("You: ")
print ("Bot:", bot.get response (query))

Choosing Your Project

Project Best for Students Who...
Image Classifier | Like visuals, data science, and CNNs
Chatbot Prefer NLP, conversations, or UX

Choose based on your interest, time, and available tools.

Tools & Technologies Recap

e Python: For scripting

e Jupyter Notebook / Google Colab: For coding
e TensorFlow / Keras: For ML/DL

e ChatterBot / NLTK: For chatbot/NLP

e Streamlit / Flask: For Ul (optional)

Structuring Your Project Report
Your report/presentation should include:

Title and Objective

Dataset or Language Model used

Steps taken (with screenshots if possible)
Code snippets and results

Challenges and learnings

aokrwbdPE
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6. Conclusion
Presentation Skills
Good presentation = Clear + Confident + Visual

o Keep slides simple

o Use flowcharts, graphs, and screenshots
o Practice speaking confidently

e Anticipate questions

Suggested Presentation Format

Slide 1: Introduction (Your Name + Project Title)
Slide 2: Problem Statement

Slide 3: Tools & Dataset

Slide 4: Workflow / Diagram

Slide 5: Key Code Snippets

Slide 6: Output & Evaluation

Slide 7: Conclusion & Future Work

No ok owdE

Presenting to a Group

e Speak slowly and clearly

e Don’t read from slides—explain them

o Engage with your audience (ask questions)
e Share your passion for the topic

Project Evaluation Criteria

Criterion Marks
Creativity 20
Code Implementation | 30
Accuracy/Results 20
Report & Slides 15
Presentation 15

Feedback & Peer Review
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Get feedback from peers and mentors.
Ask:

e What was the most interesting part?
e What could be improved?
e Were the results understandable?
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Chapter-9

Deep Learning Essentials

Introduction to Deep Learning

Deep Learning is a subset of Machine Learning that uses artificial neural networks with many
layers—hence the term “deep.” It excels at analyzing large amounts of data and solving
complex problems such as image recognition, language translation, and more.

Why Deep Learning?

o Can handle large-scale unstructured data (images, text, audio)
o Performs better as data size increases
e Powering modern applications: chatbots, self-driving cars, etc.

Neural Networks Recap
A Neural Network is made up of layers:

e Input Layer
o Hidden Layers
o Output Layer

Each layer contains neurons that apply activation functions to incoming data.
Introduction to CNNs

Convolutional Neural Networks (CNNs) are used primarily for image-related tasks. Instead
of feeding raw pixels to a neural network, CNNs apply convolutions that learn image
features automatically.

Structure of a CNN

Convolutional Layer — Applies filters to extract features
ReLU Layer — Introduces non-linearity

Pooling Layer — Reduces spatial size (max/average pooling)
Fully Connected Layer — Acts as classifier

Output Layer — Produces final prediction

o krwbdPE

Convolution Operation
The convolution is a matrix operation:

o lItslides a filter/kernel across the input image.
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o Outputs a feature map highlighting specific patterns (edges, colors).
Example of CNN Use Case

Image Classification Example:
Classify images into categories like "cat", "dog", "car", etc.

CNN Code Example with Keras

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Conv2D, MaxPooling2D,
Flatten, Dense

model = Sequential ([

Conv2D (32, (3,3), activation='relu', input shape= (64, 64,
3)) .

MaxPooling2D (pool size=(2, 2)),

Flatten (),

Dense (64, activation='relu'),

Dense (10, activation='softmax')

Introduction to RNNs

Recurrent Neural Networks (RNNs) are suited for sequence data—Ilike text, audio, or time-
series data.
They have a memory of previous inputs due to recurrent connections.

How RNNs Work
At every time step:

e Takes an input (word, timestamp, etc.)
e Produces an output
o Updates hidden state (memory)

Applications of RNNs

e Text Generation

e Language Translation
e Speech Recognition

e Stock Price Prediction
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Challenges with RNNs

e Vanishing Gradient Problem: hard to retain long-term memory
e Slow Training
o Difficult to capture very long-term dependencies

Enter LSTMs (Long Short-Term Memory)

LSTM is a special kind of RNN that solves the vanishing gradient issue.
It uses memory cells, input gate, output gate, and forget gate to control what to keep or
discard.

LSTM Use Case

Example: Predict the next word in a sentence.
E.g., Input: "Al is the future of", Model Output: "technology".

Basic LSTM Code (Keras)

from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import LSTM, Dense

model = Sequential ()

model.add (LSTM (64, input shape=(10, 1)))
model.add (Dense (1, activation='linear'))

CNN vs RNN vs LSTM

Feature CNN RNN LSTM

Data Type | Images Sequential | Long Sequences
Memory | No Yes Long Memory
Speed Fast Slower Slower but Accurate
Use Case | Classification | Prediction | Time Series, Text

Tools & Libraries

e TensorFlow / Keras

e PyTorch

e Google Colab

e Matplotlib (for visualization)

e« NumPy & Pandas (for data handling)
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Practice Project Ideas

1. Build an image classifier using CNN (e.g., cat vs dog)
2. Build a text generator using RNN
3. Predict temperature over time using LSTM

Evaluation Metrics

e Accuracy

e Loss (Cross-Entropy / MSE)

o Confusion Matrix (for classification)
e« RMSE or MAE (for regression tasks)

Conclusion

Deep Learning opens up powerful possibilities in Al. Whether you want to classify images or
generate text, CNNs, RNNs, and LSTMs are essential tools in your Al toolbox. The more you
experiment, the better you learn!
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Chapter-10

Natural Language Processing (NLP): A Beginner’s Guide

What is Natural Language Processing?

Natural Language Processing (NLP) is a field of Artificial Intelligence that deals with the
interaction between computers and human language. The goal of NLP is to make computers
understand, interpret, and generate human language in a valuable way.

Why is NLP Important?

NLP enables machines to read text, hear speech, interpret it, measure sentiment, and
determine which parts are important. Applications include:

o Virtual assistants (e.g., Siri, Alexa)
e Spam detection

e Language translation

e Sentiment analysis

e Chatbots

Text Preprocessing — Overview

Before using text data in machine learning models, we must clean and prepare it. This
process is called text preprocessing.

Common steps include:

o Lowercasing

e Removing punctuation

e Tokenization

e Stopwords removal

e Stemming & Lemmatization

Lowercasing and Punctuation Removal

Example:

Original: "Natural Language Processing is AMAZING!"

After lowercasing: "natural language processing is amazing"

After punctuation removal: "natural language processing is amazing"

Tokenization

Tokenization is splitting a sentence into words or tokens.
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from nltk.tokenize import word tokenize
text = "ChatGPT is helpful."

tokens = word tokenize (text)

print (tokens)

# Output: ['ChatGPT', 'is', 'helpful', '.']
Stopwords Removal

Stopwords are common words (like "is", "and", "the") that don't add much meaning.

from nltk.corpus import stopwords
filtered tokens = [word for word in tokens if word.lower () not
in stopwords.words ('english') ]

Stemming and Lemmatization

e Stemming: Cutting off prefixes/suffixes.
e Lemmatization: Using dictionary-based approach to return root form.

from nltk.stem import PorterStemmer
ps = PorterStemmer ()
ps.stem('running') # Output: run

from nltk.stem import WordNetLemmatizer

wnl = WordNetLemmatizer ()
wnl.lemmatize ('running', pos='v') # Output: run

Bag of Words (BoW) — Introduction

Bag of Words is a way to convert text into numbers so that it can be used in machine
learning.

Steps:

1. Create vocabulary of unique words.
2. Represent each sentence as a vector of word counts.

BoW Example

Texts:
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1. "l love AI"
2. "Al loves me"

Vocabulary: [I, love, Al, loves, me]
Vectors:

o Sentence 1:[1,1,1,0,0]
o Sentence 2: [0,0,1,1,1]

Limitations of Bow

e Ignores word order.
o Fails to understand context.
e Cannot handle unseen vocabulary.

Still, it works well for simple classification tasks.

Sentiment Analysis — Introduction

Sentiment Analysis is the process of identifying the emotional tone behind words. It is
commonly used to determine:

o Positive
e Negative
o Neutral sentiment

Sentiment Analysis with TextBlob

from textblob import TextBlob

text = "I love this movie"

blob = TextBlob (text)

print (blob.sentiment)

# Output: Sentiment (polarity=0.5, subjectivity=0.6)

e Polarity ranges from -1 (negative) to +1 (positive)
e Subjectivity ranges from O (objective) to 1 (subjective)
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Building a Sentiment Classifier

Collect labeled data (positive/negative)
Preprocess text (as discussed)

Extract features using Bow or TF-IDF
Train a classifier (e.g., Naive Bayes)

o

Text Classification — Overview
Text classification is assigning predefined categories to text documents. Examples include:

e Spam detection
o News categorization
e Topic classification

Naive Bayes Classifier for Text

from sklearn.feature extraction.text import CountVectorizer
from sklearn.naive bayes import MultinomialNB

texts = ['I love AI', 'This is terrible']
labels = ['positive', 'negative']

vectorizer = CountVectorizer ()
X = vectorizer.fit transform(texts)

model = MultinomialNB ()
model.fit (X, labels)

print (model.predict (vectorizer.transform(['AI is awesome'])))

Evaluation Metrics

e Accuracy: Overall correct predictions

e Precision: True Positive / (True Positive + False Positive)
o Recall: True Positive / (True Positive + False Negative)

e F1 Score: Harmonic mean of Precision and Recall
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Popular NLP Libraries

e NLTK —Preprocessing & tokenization

e spaCy — Industrial-strength NLP

o TextBlob — Sentiment analysis

o Scikit-learn — ML models

e Transformers (HuggingFace) — BERT, GPT models

Practice Project Idea

Project: Twitter Sentiment Analyzer
Steps:

Collect tweets using Twitter API

Preprocess tweets

Classify as positive/negative using TextBlob
Display results in graph format

HownhE

Real-Life Applications of NLP

e Healthcare: Extracting medical records

e Finance: Document classification, risk analysis
e Customer Service: Chatbots

e Education: Auto-grading, summarization

Conclusion

NLP is a powerful and fast-evolving field that enables machines to understand human
language. With tools like NLTK, Scikit-learn, and TextBlob, even beginners can start
building text-based ML models.
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Introduction to Al Model Deployment

Once an Al model is trained, it needs to be made accessible for real-world use — this is
where deployment comes in. Deployment means making your model available as a service
(API or web app) that others can interact with.

Why Model Deployment Matters

o Enables practical applications (chatbots, price predictors)
o Allows integration into websites or apps

o Real-time predictions for users

o Essential for productization of ML solutions

Saving Your Trained Model
Once trained, the model must be saved so it can be reused without retraining.
Popular formats:

e .pkl—Pickle
e .joblib — Joblib (faster with large numpy arrays)

Saving Model with Pickle

import pickle

# Save model

with open('model.pkl', 'wb') as file:
pickle.dump (model, file)

# Load model

with open('model.pkl', 'rb') as file:
loaded model = pickle.load(file)

Saving Model with Joblib

from joblib import dump, load
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# Save model
dump (model, 'model.joblib')

# Load model
loaded model = load('model.joblib")

Joblib is preferred for larger models or when working with numpy-heavy structures.

Introduction to Deployment Frameworks
Two popular frameworks for deploying ML models as web apps:

o Flask — Lightweight web framework for Python
e Streamlit — Easy, Pythonic way to make data apps

Flask vs Streamlit — Key Differences

Feature Flask Streamlit
Type Web framework Data app library
HTML/CSS | Required Not required

Ul building | Manual (Jinja, etc.) | Automatic widgets

Use case APIs, flexible apps | Fast prototypes, dashboards

Flask App Structure

/project
F—— model.pkl

— app.py
F—— templates/
| L— index.html

Basic Flask App (app.py)

from flask import Flask, request, render template
import pickle

app = Flask( name )
model = pickle.load(open('model.pkl', 'rb'))

@app.route('/")
def home() :
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return render template('index.html')

@app.route ('/predict', methods=['POST'])
def predict():

data = [float(request.form['feature'])]
prediction = model.predict([datal)
return render template ('index.html'

prediction=prediction)

if name == "' main_ ':
app.run (debug=True)

HTML Template (templates/index.html)

<!DOCTYPE html>
<html>
<body>
<form method="POST" action="/predict">
Enter value: <input type="text" name="feature">
<input type="submit" wvalue="Predict">
</form>
{% if prediction %}
<h3>Prediction: {{ prediction[0] }}</h3>
{% endif %}
</body>
</html>

Run the Flask App

python app.py

Visit http://127.0.0.1:5000 in your browser to test.

What is Streamlit?
Streamlit allows you to turn Python scripts into interactive web apps with minimal code.
Use cases:

o Demo dashboards

¢ ML model showcases
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« Internal tools for data teams

Install and Run Streamlit

pip install streamlit
streamlit run app.py

Streamlit Model Deployment Code

import streamlit as st
import pickle

model = pickle.load(open('model.pkl', 'rb'))

st.title ('ML Model Deployment')
input val = st.number input ('Enter input value:')

if st.button('Predict'):
prediction = model.predict ([ [input vall]
st.success (f'Prediction: {prediction[O0]}

)
")

Streamlit Widgets Overview

e st.text input () —For user input

e st.button () — To trigger prediction

e st.success () — Toshow output

e st.line chart () —For plots

e st.file uploader () —Upload files

Local vs Cloud Deployment

Method Tool/Platform

Local Hosting Flask, Streamlit

Cloud Free Streamlit Share, Render, Hugging Face Spaces
Cloud Advanced | AWS, GCP, Heroku, Azure

Deploy on Streamlit Cloud
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Push code to GitHub
Go to share.streamlit.io
Link GitHub repo

App will auto deploy

o

Common Deployment Errors

o Model version mismatch
o Port conflicts (Flask)

e Missing requirements.txt
e Input shape errors

o Data type mismatch

requirements.txt Example

streamlit
scikit-learn
pandas

numpy

Use pip freeze > requirements.txt to auto-generate it.

(] Page 20: Conclusion and Next Steps

e Saving models is essential for reuse

e Flask is good for APIs & custom Uls

o Streamlit is perfect for quick demos

e Practice with local apps, then move to cloud

o Explore Docker and FastAPI for advanced deployment
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Chapter-12

Final Project

Introduction

The final project is the culmination of all the knowledge and skills you've developed during
the Al course. This stage allows you to independently apply your learning to a real-world
problem.

Objectives:

e Apply theoretical concepts into practice
e Solve areal-world Al problem
o Demonstrate your project through a working model and presentation

Project Categories
You can choose a project in one of these three categories:

1. Text-based Projects (NLP)
2. Image-based Projects (Computer Vision)
3. Data-based Projects (Machine Learning)

Each project type uses different tools, libraries, and problem-solving approaches.

Text-based Project Ideas
These projects focus on Natural Language Processing:

e Sentiment Analyzer (Movie/Review analysis)
e Spam Email Classifier
e Chatbot using intents

Tools: NLTK, spaCy, Scikit-learn, HuggingFace Transformers

Image-based Project Ideas
These projects work on images using computer vision:

e Handwritten Digit Recognition (MNIST)
e Face Mask Detection
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o Image Classifier (e.g., cat vs. dog)

Tools: OpenCV, TensorFlow, Keras, CNN

Data-based Project Ideas
These focus on tabular or structured data:

e House Price Predictor
e Loan Approval System
e Customer Churn Predictor

Tools: Scikit-learn, Pandas, Matplotlib, Seaborn

Project Components
Your final project should include:

Problem Statement
Data Collection / Source
Data Preprocessing
Model Selection
Training and Evaluation
Deployment (optional)
Presentation

No ook owhdE

Framing a Problem
Clearly define what problem you're solving. Use this format:

e Problem: What are you trying to predict or classify?
e Input: What kind of data will your model use?
e Output: What will your model return?

Data Collection

Gather data from:
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o Kaggle
o UCI Machine Learning Repository
e Open APIs

e Synthetic datasets

Ensure data quality, enough volume, and relevance to your problem.

Data Preprocessing
Steps:

e Clean missing values

e Normalize or scale numerical data
e Encode categorical variables

e Text cleaning (for NLP)

o Resize/gray-scale (for image data)

Model Training
Depending on the problem, choose:

o Logistic Regression, SVM, Random Forest for structured data
e LSTM or BERT for text data
e CNNs for image data

Split into training and testing sets (e.g., 80/20).

Model Evaluation
Use these metrics:

e Accuracy

e Precision, Recall, F1-score
e Confusion Matrix

« ROC-AUC

Visualize your results for a better explanation.
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Example Project — Sentiment Analyzer

o Dataset: IMDB Movie Reviews
o Technique: Text Vectorization (TF-IDF), Logistic Regression
o Output: Positive/Negative Sentiment

Example Project — Image Classifier

o Dataset: Dogs vs. Cats (Kaggle)
e Model: CNN using Keras
e Output: Label = Dog or Cat

Example Project — House Price Predictor
o Dataset: Housing.csv (Kaggle)

e Model: Linear Regression
e Output: Predicted price

Tools & Libraries

Tool Use

Pandas Data handling
Numpy Computation
Scikit-learn ML models

Keras/TensorFlow | Deep Learning

Matplotlib/Seaborn | Visualization

Streamlit/Flask Deployment

Presentation Guidelines
Prepare a presentation with:

e Titleslide

e Problem statement

o Dataset description

e Model explanation

e Results and graphs

o Live demo or screenshots
e Challenges and learnings
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Time Limit: 5-10 minutes.

Evaluation Criteria

Component Marks

Problem Definition ||10

Data Preprocessing 10

Model Selection 15

Model Accuracy |20

Presentation Quality||15

Innovation 10

Report Submission |10

Team Collaboration ||10

Total 100

Report Submission Format
Submit a PDF/DOC report including:

o Title

e Abstract

e Tools and libraries used
e Code snippets

e Graphs and results

e Conclusion

o References (if any)

Conclusion:

The final project is your opportunity to turn your Al knowledge into a tangible product.
Choose a project you are passionate about. Document your journey, present confidently,
and you’ll have a portfolio-ready project to show future employers or clients.
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Chapter-13

Introduction to Reinforcement Learning (RL)

What is Reinforcement Learning?

Reinforcement Learning is a type of machine learning where an agent learns to make
decisions by interacting with an environment. The agent receives rewards or penalties based
on its actions and adjusts its strategy to maximize rewards.

Key Concepts:

e Agent: Learner or decision maker

e Environment: Where the agent operates
e Action: What the agent can do

o State: Current situation of the agent

o Reward: Feedback from the environment

Example:
A robot learns to walk by receiving a +1 reward for each step and a -1 penalty for falling.

RL Terminologies & Workflow

e Policy (m): Strategy used by the agent

e Value Function (V(s)): Expected reward from state s

e Q-value (Q(s,a)): Expected reward for taking action a from state s

o Exploration vs Exploitation: Trying new actions vs using known best ones

Types of RL Algorithms:

e Model-Free (e.g., Q-Learning, SARSA)
e Model-Based (e.g., Dyna-Q)

Q-Learning Algorithm

Q-Learning is a value-based method of RL. It updates the Q-values using the Bellman
equation:

Q(s, a) = Q(s, a) + o [r + y max Q(s’", a’") - Q(s, a)]l
Where:

e o learning rate
e v discount factor
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Used in:
Games (e.g., Pacman, Atari), Robotics, Self-driving simulations

Advanced Deep Learning Overview

Beyond basic neural networks, Deep Learning advances with more powerful architectures
and techniques.

Topics Covered:

e Transfer Learning
o ResNet (Residual Networks)
e Inception Network

Transfer Learning

Definition:
Using a model trained on one task (like ImageNet) and adapting it for a new but similar task.

Why Use It?

e Saves time and resources
e Requires less data
e Improves performance for small datasets

Popular Pre-trained Models:
e« VGG16/VGG19
e InceptionV3
e ResNet50

Application Example:
Use ResNet trained on ImageNet to classify X-ray images after slight retraining.

6. ResNet (Residual Networks)
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Problem:
Deep networks suffer from vanishing gradients and degradation of accuracy.

Solution:
ResNet introduces "skip connections” or residual blocks that allow the model to learn identity
functions when deeper layers are not improving.

Architecture Highlights:

o ResNet18, ResNet34, ResNet50, ResNet101
e Residual Block: F (x) + x

Use Cases:
Image classification, object detection, medical imaging

Inception Network
Goal: Efficiently use computing power by allowing multiple filter sizes at the same layer.
Inception Module:

e Combines 1x1, 3x3, 5x5 convolutions + pooling
e Reduces parameter count

Versions:

e Inception vl (GoogLeNet)
e Inception v3/v4

Use Cases:
Fine-grained classification, large-scale image datasets

Object Detection Overview

Unlike classification (which tells what is in the image), object detection also tells where
(bounding box).

Key Elements:

e Classification + Localization
e Bounding box coordinates
« Confidence score
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YOLO (You Only Look Once)

YOLO Concept:
A single neural network predicts classes and bounding boxes directly from full images in one
evaluation.

Advantages:

o Very fast (real-time)
o Unified architecture
e Accurate for large objects

YOLO Output:
e Grid of image (e.g., 13x13)
o Each grid cell predicts:
o Bounding box (x, y, w, h)
o Confidence score
o Class probabilities

Versions:

e YOLOvV3, YOLOV4, YOLOV5 (PyTorch), YOLOV8

Haar Cascades

What is it?
A traditional method for object detection, especially faces, using handcrafted features.

Developed by:
Paul Viola & Michael Jones (2001)

How it works:
o Uses Haar-like features (edge, line, etc.)

e Trains classifiers with positive & negative examples
« Efficient via cascading of weak classifiers

e Fast and simple
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« Good for face detection
Cons:

« Not as accurate as deep learning methods
o Poor performance in varied lighting or angles

Comparing Object Detection Methods

Method Speed Accuracy | Use Case

YOLO High High Real-time detection

SSD Moderate | Good Mobile devices

Faster R-CNN | Low Very High | Precision-critical tasks
Haar Cascade | Very High | Low Simple applications (faces)

Tools & Libraries

e TensorFlow / Keras — Deep Learning models

e OpenCV - Image processing and Haar cascades
e PyTorch — YOLOV5 and other models

e Labellmg — Image annotation

e Flask / Streamlit — Deployment

e Google Colab / Jupyter — Experimentation

Use Cases of Advanced DL & Object Detection

e Surveillance: Real-time people or vehicle detection
e Healthcare: Tumor or anomaly detection from scans
o Retail: Customer movement tracking

e Self-driving cars: Lane detection, traffic signs

Hands-On Project Ideas

Face Detection System using Haar Cascade
Real-Time Object Detection App with YOLOV5
Transfer Learning for Flower Classification
Sign Language Recognition using CNN + RNN

Mo b

Best Practices

e Use GPU for training deep models
o Data augmentation helps with overfitting
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o Always evaluate with validation/test sets
e Monitor performance using loss curves and confusion matrices

Summary

o Reinforcement Learning teaches agents through rewards.
o Transfer Learning boosts performance on limited data.

e ResNet and Inception solve problems of deep networks.
e YOLDO is the go-to method for real-time object detection.
o Haar cascades still useful for fast face detection.

Quiz (Sample Questions)

What is the difference between Q-learning and supervised learning?
What does the “skip connection” in ResNet solve?

Why is YOLO faster than R-CNNs?

List two real-world applications of Inception networks.

What are the advantages of Transfer Learning?

arwdE
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Chapter-14

Advanced Natural Language Processing (NLP)

(Transformers, BERT, GPT, Real-World Datasets & Chatbots with Rasa/Dialogflow)
Table of Contents:

Introduction to Advanced NLP
What are Transformers?
BERT: Bidirectional Encoder Representations from Transformers
GPT Models Overview
Comparing BERT vs GPT
Real-World NLP Datasets (Kaggle, UCI, HuggingFace)
Data Preprocessing for NLP Projects
Tokenization, Padding & Attention in Transformers
Fine-tuning Pretrained Models

. Introduction to Chatbots

. Rule-Based vs Al-Based Chatbots

. Building Chatbots with Rasa

. Building Chatbots with Dialogflow

. Chatbot NLP pipelines

. Case Study: Mental Health Support Bot

. Case Study: Customer Service Bot

. Evaluating Chatbots (NLP metrics)

. Hosting Chatbots with Streamlit or Telegram

. Career Opportunities in NLP

. Final Thoughts & Learning Resources
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Introduction to Advanced NLP

Natural Language Processing (NLP) is the heart of human-computer interaction. With the rise
of Transformers and large-scale models like BERT and GPT, NLP is now more context-
aware and capable of understanding nuance, sentiment, and intent like never before.

What Are Transformers?

Transformers are a deep learning architecture introduced in 2017 by Vaswani et al. in the
paper “Attention Is All You Need”.

Key Concepts:

o Self-Attention: Models relationships between all words in a sentence simultaneously.
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o Encoder-Decoder Architecture: Common in machine translation and
summarization.
o Parallelization: Unlike RNNs, Transformers can process data in parallel.

BERT - Bidirectional Encoder Representations from Transformers

BERT (by Google) revolutionized NLP by introducing bidirectional context understanding,
i.e., looking both left and right of a word simultaneously.

Features:

o Pre-trained on large corpora (Wikipedia + BooksCorpus)
o Fine-tuned for tasks like sentiment analysis, question answering, etc.
o Base & Large variants

Example Task:

Input: "The bank was full of fish."
BERT uses context to disambiguate "bank" = riverbank.

GPT Models Overview

GPT (Generative Pre-trained Transformer), developed by OpenAl, are autoregressive
language models capable of generating human-like text.

GPT Evolution:

e GPT-1: Proof of concept (2018)
e GPT-2: Text generation at scale
e GPT-3: Few-shot learning, 175B parameters
o GPT-4: More context, reasoning capabilities

Use Cases:
o [Essay writing, code generation, chatbot engines, summarization

Comparing BERT vs GPT

Feature BERT GPT

Direction Bidirectional Unidirectional (left-to-right)
Task Type Understanding Generation

Architecture | Encoder Decoder

Best For QA, classification | Text completion, chatbots
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Real-World Datasets for NLP
Sources:

o Kaggle: Customer support, sentiment, spam detection
e UCI ML Repository: SMS spam, email corpus, etc.
e Hugging Face Datasets: IMDb, AG News, Common Crawl|

Real-World NLP Tasks:

e Product review classification
e Resume parsing
o Chatbot training data

Data Preprocessing for NLP Projects
Common Steps:

e Lowercasing

e Removing punctuation/stopwords

e Lemmatization/Stemming

e Tokenization

e Word Embeddings (Word2Vec, GloVe, BERT Embeddings)

Tokenization, Padding & Attention
Transformers require:

e Tokenization: Converting text — tokens (e.g., WordPiece, BytePair)
e Padding/Truncation: Ensures uniform input size
o Attention Masking: Ignores padded values during training

Fine-Tuning Pretrained Models

You can fine-tune models like BERT/GPT on custom data:

Frameworks:

e Hugging Face Transformers
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o TensorFlow/Keras
e PyTorch Lightning

Example:
Fine-tune BERT for hate speech detection on Twitter dataset.

Introduction to Chatbots
Chatbots are programs that simulate conversation with humans.
Types:

1. Rule-Based: Predefined scripts & patterns
2. Al-Based: ML/NLP powered, understand intent/context

Rule-Based vs Al-Based Chatbots

Feature Rule-Based | Al-Based (NLP)
Flexibility | Low High

Scalability | Limited Wide

Tech Regex, if-else | Rasa, Dialogflow, GPT
Example | Menu bot Helpdesk assistant

Building Chatbots with Rasa
Rasa is an open-source NLP chatbot framework.
Components:

e NLU: Understands user messages

e Core: Handles conversation flow

e Stories: Dialog training

e Actions: Custom logic (e.g., fetch weather)

Install: pip install rasa

Building Chatbots with Dialogflow

Dialogflow (by Google) is a cloud-based chatbot development tool.
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Features:

o Intents, Entities, Contexts
e Voice and text support
e Web & app integrations

Example:
Create a restaurant reservation bot using Dialogflow CX.

NLP Pipelines in Chatbots
Typical NLP pipeline:

Intent Classification
Entity Extraction
Context Handling
Response Generation

e

Tools:

e Spacy/ Rasa NLU
o BERT-based intent models
e GPT for dynamic replies

Case Study — Mental Health Support Bot
Goal: Provide anonymous mental health support.
Features:

e Sentiment detection
e Crisis keyword alert
e Connect to helplines

Tech Stack:

¢ Rasa
e Pretrained emotion detection model

Case Study — Customer Service Chatbot
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Use-case: E-commerce FAQ bot.
Trained on:

o Order tracking intents
o Refund policy
e Live agent handoff

Integrated with:

e Website chat widget
o Email fallback

Evaluating Chatbots
Metrics:

« Intent accuracy

o Entity F1-score

e Confusion matrix

o User satisfaction rating
e Response latency

Tools: Botium, Rasa test, Google Analytics
Hosting Chatbots
Web Deployment:

e Streamlit: For quick Ul
e Gradio: Interactive demos
o Flask API: Lightweight backend

Platform Integration:

e Telegram Bot API
e WhatsApp Business
e Messenger (Facebook)

Careers in NLP
Roles:

e NLP Engineer
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e Chatbot Developer
o Data Scientist (NLP)
e Prompt Engineer

e Python, Transformers
e HuggingFace, NLTK, SpaCy
o Model serving (Flask, Docker)

Final Thoughts & Learning Resources
Must-Learn Libraries:
e Hugging Face Transformers
e Rasa
e NLTK & SpaCy
Recommended Courses:
e Coursera: NLP Specialization (DeepLearning.Al)

e HuggingFace Course (Free)
o Rasa Masterclass on YouTube
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Chapter-15

Al in Action: From Lifecycle to Deployment and Ethics
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Introduction

Artificial Intelligence (Al) is changing how the world works—from chatbots and facial
recognition to smart recommendations and driverless cars. However, building a robust Al
system goes beyond just training a model. It includes data preparation, deployment,
maintenance, and ethical responsibility.

Al Project Lifecycle

The Al Project Lifecycle outlines the step-by-step approach to developing an Al system from
concept to deployment.

Phases of Al Lifecycle:

1. Problem Identification
o Define objectives
o Understand business need
2. Data Collection
o Sources: APIs, web scraping, open datasets
o Structured or unstructured data
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3. Data Preprocessing
o Cleaning missing values
o [Feature scaling, normalization
4. Model Building
o Choose algorithm (Linear Regression, Decision Tree, etc.)
o Training and testing
5. Model Evaluation
o Accuracy, precision, recall, F1-score
o Confusion matrix, ROC curves
6. Deployment
o Serve model using Flask, Streamlit, or APIs
o Monitor performance and update regularly

MLOps Basics (Machine Learning Operations)

MLOps is the practice of deploying and maintaining ML models in production reliably and
efficiently.

MLOps Components:

e CI/CD: Automate model testing and deployment
e Version Control: Track code, data, and models
e Monitoring: Detect model drift and bugs

e Model Registry: Store model versions

e Tools: MLflow, DVC, GitHub Actions

Benefits:

o [Faster deployment
e Reproducibility
o Scalable Al solutions

Model Deployment on Cloud
A. Heroku

e Easy-to-use platform for small projects

o Ideal for Flask or Streamlit apps

o Steps:
1. Create requirements.txtand Procfile
2. Push code to GitHub
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3. Connect to Heroku via CLI
4. Deployusing git push heroku main

B. AWS (Amazon Web Services)

o Highly scalable and secure

o Popular services: EC2 (server), S3 (storage), SageMaker (ML platform)
« Requires configuration and cloud knowledge

o Suitable for enterprise-level apps

C. GCP (Google Cloud Platform)

o Offers Al-specific services like Vertex Al
o Easy integration with TensorFlow
e Google Colab Pro and App Engine for fast development

Ethics in Al

Al systems are only as ethical as the humans behind them. Ethics ensure responsible use of
Al

Key Concerns:

e Privacy Violation: Data surveillance
e Autonomous Weapons: Misuse of Al
e Manipulation: Misinformation, deepfakes

Principles:

e Transparency

e Accountability

e Human oversight
e Inclusiveness

Bias and Fairness in Al
Bias in Al arises when the training data reflect existing societal inequalities.
Common Bias Types:

e Gender Bias: Favoring male over female candidates
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o Racial Bias: Facial recognition errors
o Age Bias: Ignoring certain demographics

Fairness Techniques:

« Balanced datasets
« Bias detection tools
o Explainable Al (XAI)

Example:
If a hiring model is trained on past data where men were favored, it may continue to reject
qualified women candidates.

Capstone Project Ideas

Capstone projects allow learners to demonstrate their Al knowledge through practical
application.

Sample Topics:

e Spam Email Detector — NLP classification

e House Price Predictor — Regression model

e Image Classifier — CNN for animals or traffic signs

e Chatbot — Dialogue system using intents and responses

What to Include:

e Problem statement

o Dataset description

e Model architecture

e Evaluation metrics

e Screenshots or model visualizations
e Deployment link

Viva Preparation Guide
During your final viva, be prepared to explain your project in detail.
Common Questions:

1. What problem are you solving and why?
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2. Which algorithm did you choose and why?
3. How did you preprocess your data?
4. What were your model’s performance metrics?
5. Where and how did you deploy it?
Tips:

o Beclear and confident

o Justify your choices with logic

e Prepare a short demo video or live link
e Revise your code and dataset

Sample Viva Questions

What is the difference between accuracy and precision?
How does CI/CD work in MLOps?

Explain overfitting and underfitting with examples.
What ethical risks does your Al model pose?

How would you handle missing values in data?

ok~ whE

Summary and Future Scope

This eBook gave you a glimpse of the real-world Al development pipeline. Understanding Al
lifecycle, MLOps, and ethics is crucial for building not just functional, but also responsible
and scalable Al systems.

Glossary

e CI/CD: Continuous Integration/Continuous Deployment
o XAl Explainable Al

e MLOps: Machine Learning Operations

o Deployment: Making a model accessible to end-users
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Chapter-16

Advanced Specialization Tracks in Al

(Explore Computer Vision, NLP, Robotics, and Al in Business)
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Introduction

As Al expands across industries, learners are now exploring deeper specializations to solve
domain-specific problems. This eBook outlines four of the most impactful specializations in
Al:

e Computer Vision: Understanding images and videos

e Natural Language Processing (NLP): Understanding human language
e Robotics + Al: Intelligent machines that move and decide

e Al in Business: Data-driven decision-making

Each specialization has its own tools, techniques, and career paths.
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Computer Vision Specialization

Computer Vision (CV) enables machines to interpret visual inputs like images or video
streams.

OpenCV (Open Source Computer Vision Library)

e A Python/C++ library for image and video processing.
o Features: face detection, color manipulation, object tracking
o Code Sample:

import cv2

img = cv2.imread('image.jpg')

gray = cvZ2.cvtColor (img, cv2.COLOR BGRZGRAY)
cv2.imshow ("Gray Image", gray)

CNNs (Convolutional Neural Networks)

o Specialized neural networks for image classification.
e Layers: Convolution — Pooling — Fully Connected
o Use cases: digit recognition, traffic sign detection

Object Detection

« Identifying multiple objects in an image with labels and bounding boxes
e Tools/Techniques:

o YOLO (You Only Look Once)

o SSD (Single Shot MultiBox Detector)

o Haar Cascades (for face/object detection)

GANs (Generative Adversarial Networks)

e Two networks: Generator and Discriminator
o Can create realistic fake images, deepfakes
o Use cases: image super-resolution, art generation

NLP Specialization

Natural Language Processing is the backbone of voice assistants, chatbots, translation, and
content generation.

Transformers

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -81-

e Revolutionized NLP by allowing parallel processing of sequences
o Structure: Encoder-Decoder with attention mechanism
e Introduced in the paper: "Attention is All You Need" (2017)

BERT (Bidirectional Encoder Representations from Transformers)

e Trained on masked language modeling
o Used for sentiment analysis, Q&A, text classification
e Open-source from Google

GPT (Generative Pre-trained Transformer)

o Developed by OpenAl (like ChatGPT)
e GPT-2, GPT-3, and now GPT-4 have shown astonishing performance
o Use cases: Text generation, summarization, translation

LangChain

e Framework for building LLM-powered applications
o Connects language models with tools like databases, APIs
o Enables building chatbots, agents with memory and tool usage

Robotics + Al
This specialization blends mechanical systems with intelligent algorithms.
Simulation Environments

e Tools like Gazebo, Webots, and Unity ML-Agents help test robots in virtual worlds
e Used for training before real-world deployment

Pathfinding Algorithms

e Guide robot movement from start to destination
e Examples:

o A* (A-Star) Algorithm

o Dijkstra’s Algorithm

o RRT (Rapidly-exploring Random Trees)

Reinforcement Learning (RL)

e Agents learn by interacting with the environment
o Key Concepts:
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o State, Action, Reward
o Policy and Value Functions
e Algorithms: Q-Learning, DQN, PPO
e Used in robot motion planning and autonomous driving

Al in Business
Al is becoming a strategic tool for businesses across all sectors.
Data Science + Al

o Data Science enables companies to analyze past trends
e Al brings predictions and automation
e Tools: Python, Pandas, SQL, Scikit-learn, Power Bl

Applications:

o Sales forecasting
o Market basket analysis
e Sentiment tracking from social media

Decision Support Systems (DSS)

e Al systems that help executives make informed decisions
o Combines data mining, predictive analytics, and optimization
e Example:

o Al-powered dashboards for retail performance

o Recommender systems in e-commerce

Summary and Future Directions

Specialization empowers learners to focus on domains that match their passion or industry
needs.

Specialization Key Tools Careers

Computer Vision | OpenCV, YOLO, GANs | CV Engineer, Medical Imaging

NLP BERT, GPT, LangChain | NLP Engineer, Content Tech

Robotics ROS, RL Robotics Engineer, Autonomous Systems
Al in Business Bl Tools, ML Al Analyst, Data Scientist
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Chapter-17

Advanced Al Infrastructure: MLOps, Data Engineering & Web Integration

Topics:

e MLOps: CI/CD, Docker, Kubernetes for Al
» Data Engineering: Big Data, Spark, ETL
e Al + Web Integration (Flask + React)
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Introduction
As Al grows, managing its lifecycle—training, deploying, and scaling—requires engineering

practices. This eBook guides you through MLOps, Data Engineering, and Web
Integration—the key infrastructure behind modern Al solutions.
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What is MLOps?

MLOps (Machine Learning Operations) is a set of practices that automate and streamline the
deployment and monitoring of ML models.
It brings together:

e DevOps principles
« Data versioning

« Continuous integration/continuous deployment (CI/CD)
« Monitoring and feedback

CI/CD Pipelines for Al

CI/CD (Continuous Integration/Continuous Deployment) enables automated workflows
for:

e Testing ML code

o Validating models

o Deploying to production

e Version control using Git
Popular tools:

e GitHub Actions

e Jenkins

e MLflow

e DVC (Data Version Control)

Docker for Model Packaging
Docker allows packaging your ML models and environment as containers for reproducibility.
Key Benefits:

e Environment consistency
e Lightweight virtualization
e Easy collaboration and deployment

Example Dockerfile:

FROM python:3.9
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COPY requirements.txt

RUN pip install -r requirements.txt
COPY . /app

CMD ["python", "app.py"]

Kubernetes for Model Orchestration

Kubernetes automates the deployment, scaling, and management of containerized
applications.

Use Cases:

e Serving multiple ML models
e Auto-scaling based on traffic
« Rolling updates without downtime

Example: ML model server running behind a Kubernetes service with autoscaling.
Data Engineering Fundamentals

To build strong Al pipelines, Data Engineering is essential.

Tasks include:

o Data ingestion (real-time or batch)
o Data transformation
e Building pipelines to feed ML systems

Big Data and Distributed Systems
When datasets grow beyond single-machine capacity, Big Data systems step in.
Tools:

e HDFS (Hadoop Distributed File System)
e Apache Hive
e Google BigQuery

Concepts:
e Partitioning

o Distributed storage
o Parallel processing
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Apache Spark Overview
Apache Spark is an open-source engine for big data processing.
Use in Al:

e ETL for ML
o Feature engineering at scale
o Real-time data handling

Languages Supported: Python (PySpark), Scala, Java
MLIib: Spark’s built-in ML library

ETL Pipelines for Al
ETL = Extract, Transform, Load
Used to:

o Pull data from various sources
e Clean, aggregate, and transform
o Feed it to AI/ML models

Tools: Airflow, Talend, Luigi, Spark, dbt

Al + Web Integration
To make Al accessible, it's often deployed in web applications.
Goals:

e Create REST APIs for models
o Develop interactive frontends
o Enable user inputs and outputs

Flask Backend for Al APIs
Flask is a lightweight Python framework to serve ML models as APIs.

Example API:
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from flask import Flask, request
app = Flask( name )

@app.route ("/predict", methods=["POST"])
def predict():
data = request.json

# run model.predict (data)
return {"result": "positive"}

app.run ()

React Frontend for Al Applications
React is a JavaScript library for building interactive Uls.
You can create:

e Input forms (upload image/text)
o Dynamic output display (prediction result)
o Real-time interactivity with Flask APIs

Integrating Al with Flask + React
Integration Workflow:

Train your model in Python.

Serve with Flask (/predict endpoint).

React frontend sends request via fetch () or axios.
Display result to the user.

M wbh e

Benefits:

e Reusable Ul
e Accessible interface
e Cross-platform

Deployment on Cloud (Optional)

After integration, deploy on cloud for public access.
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Platforms:

e Heroku

e AWSEC2+S3

e Google Cloud Run

o Vercel (for frontend)

Real-world Case Study
Example: Al-powered Sentiment Analysis App

o Flask backend loads a sentiment model

o React interface allows typing a review

e Displays “Positive” or “Negative” sentiment
o Deployed using Docker on AWS EC2

Challenges and Best Practices

Challenges:
o Data drift
e Model versioning
e Scalability

Best Practices:

e Use Git for code and DVC for data
e Automate testing
e Monitor model performance in production

Tools and Technologies Summary

Category Tools

MLOps GitHub Actions, Docker, Kubernetes, MLflow

Data Eng. Spark, Airflow, ETL Tools

Web Dev Flask, React, Axios, HTML/CSS

Deployment | AWS, Heroku, GCP
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Career Paths

e MLOps Engineer

o Data Engineer

e Al Product Developer
o Full-Stack Al Engineer

Salaries range from $80K-$150K+ depending on experience and domain.

Final Quiz (Sample)

Q1. What does Docker solve in Al deployment?
A) Model accuracy

B) Environment consistency [

C) Feature engineering

D) None of the above

Q2. Which tool is ideal for CI/CD in ML?
A) MS Paint

B) GitHub Actions [

C) NumPy

D) TensorFlow

Conclusion and Next Steps

Modern Al is more than just models—it’s about scalable, reliable systems. With MLOps,
Data Engineering, and Web Integration, you are equipped to build real-world, production-
ready Al applications.
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Chapter-18

Research & Industry Applications in Al

Topics Covered:

o Research Paper Reading & Writing
o Kaggle Competitions & Model Benchmarking
o Real Industry Problem Solving
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1. Introduction

This eBook bridges the academic and practical side of Al: research and real-world
deployment. Whether you're a student or aspiring data scientist, this guide will help you
understand how to read/write research papers, compete in Kaggle challenges, and solve real
business problems.

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -91-

2. Importance of Al Research
Al is rapidly evolving. Academic research helps us explore:

e New algorithms
e Bias & fairness
e Responsible Al
It also forms the foundation of tools you use daily like ChatGPT, BERT, ResNet, etc.

3. Structure of a Research Paper
A good Al research paper follows this structure:

Abstract
Introduction
Literature Review
Methodology
Experiments

Results & Discussion
Conclusion
References

NG rWD PR

4. How to Read a Research Paper
Step-by-step reading strategy:

e Step 1: Read abstract, conclusion
e Step 2: Skim intro & results

e Step 3: Deep dive into methods

e Use tools like Papers with Code

Tip: Look for reproducible code on GitHub.

5. Finding Relevant Research
Where to search:

e Google Scholar
e arXiv.org (free access)
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o IEEE, Springer, Elsevier
o Papers with Code

Always check citations, authors, and publication year.

6. Writing Your Own Research Paper
When writing:

e Choose a niche topic (e.g., bias in sentiment models)
o Follow the standard format

e Provide data, reproducible code

e Use LaTeX or tools like Overleaf for writing

Tools: Grammarly, Zotero, Mendeley for citations.

7. Research Tools & References
Use these tools:

e LaTeX (for formatting)

e BibTeX (for citations)

e Overleaf (online writing)
e GitHub (share your code)

Always cite all used datasets, models, and frameworks.

8. Common Mistakes in Al Research

e Overfitting results

e Not using a baseline model

e Missing comparison with existing methods
e Incomplete datasets

e Not sharing reproducible code

9. Introduction to Kaggle

Contact For Starting New Computer Training Center in India | Visit: www.sarvaindia.com | Certified/Licensed by Govt. of India & ISO 9001:2015 | ©2008 to present year @SITED



SARVA EDUCATION (SITED) (Running- National I.T & Skill Advancement Training Programme, Since 2008) (India's Best Computer Centre Affiliation Provider) -93-

Kaggle is a platform for:

o Competitions

o Dataset sharing

o Learning through kernels (code notebooks)
o Discussion forums

You can win money, reputation, and jobs!

10. Types of Kaggle Competitions

o Getting Started: Titanic, Digit Recognizer

o Featured: Sponsored, high-reward

e Research: Academic datasets

e Recruitment: Companies hiring via competitions

11. How to Start with Kaggle

e Sign up at kaggle.com
o Explore “Titanic: Machine Learning from Disaster”

e Read notebooks shared by top performers
o Start submitting predictions

12. Benchmarking Your Models
Benchmarking = comparing model performance on a common metric.
Common metrics:

e Accuracy, F1-Score
e Logloss
e« RMSE/MAE for regression

Always start with a baseline like Logistic Regression or Decision Tree.

13. Feature Engineering Tips
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e Normalize numeric values
e One-hot encode categories
o Create interaction terms
e Use domain knowledge

Tip: Feature engineering often matters more than the algorithm.

14. Ensemble Methods for Better Scores
Combine predictions from multiple models to boost accuracy.
Popular techniques:

e Voting Classifier

o Stacking

e Blending

e Bagging & Boosting (Random Forest, XGBoost)

15. Kaggle Case Study: House Prices
Challenge: Predict house prices using 80+ features.
Key learnings:

o Handle missing data
e Log-transform skewed features
e Use XGBoost + LightGBM ensemble

Winning solutions often share their code after competition ends.

16. What is an Industry Problem?
An industry Al problem involves:

e Real-time constraints

e Noisy & incomplete data
e Business KPIs

o Stakeholder expectations
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Unlike academic datasets, these are messy and ambiguous.

17. Case Study: Al in Retail
Problem: Predict customer churn
Steps:

e Understand client requirements

e Collect & clean historical data

e Train classification models

e Present results to non-technical stakeholders

Result: Al model saved ~15% in marketing costs.

18. Working with Stakeholders
Important skills:

e Communicate findings simply

e Translate model metrics to business impact
o Document assumptions

o lterate based on feedback

Al without communication # Impact

19. From ldea to Production
Workflow:

Define the problem clearly

Get domain-specific data

Explore — Model — Evaluate

Use Flask/Streamlit for demo

Deploy using Docker or Streamlit Cloud

o krwbdPE

Production = Speed, Scalability & Stability
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20. Summary & Next Steps
You’ve now understood:

o How to read and write research
o How to perform and win Kaggle challenges
o How to work on real-world Al projects
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Final Major Project & Career Launch in Al

(Industry-Level Practice, Documentation, and Future Pathways)
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1. Introduction

This eBook guides you through the final stage of your Al learning journey—executing a real-
world project, preparing documentation, and planning your career.

2. What is a Final Major Project?

A Final Major Project is a comprehensive capstone initiative that showcases your end-to-end
understanding of Al, from concept to deployment.
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3. Choosing the Right Al Project

e Align with your interest (NLP, Computer Vision, etc.)
o Consider real-world relevance

o Use accessible datasets (Kaggle, UCI)

o Keep it feasible within 4-6 weeks

4. Industry-Level Project Ideas

e Customer Review Sentiment Classifier
« Facial Recognition Attendance System
e Al Chatbot for College Info

o Fake News Detector using NLP

o Medical Diagnosis Predictor

5. Project Planning & Milestones
Use an agile method:

e Week 1: Problem statement & dataset
e Week 2: EDA + Preprocessing

e Week 3: Modeling & Evaluation

e Week 4: Ul + Deployment

e Week 5: Documentation

e Week 6: Final Presentation

6. Tools & Tech Stack

e Python (core language)

e Pandas, Numpy (data wrangling)

e Scikit-learn, TensorFlow, Keras (modeling)
e Streamlit, Flask (app creation)

e GitHub (version control)

7. Data Collection & Preparation
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o Use open datasets or collect via APIs

e Preprocess: clean, normalize, encode

o Split into train/test sets

e Visualize insights with charts (matplotlib, seaborn)

8. Model Building & Evaluation

e Choose supervised/unsupervised method
e Train model, tune hyperparameters

o Evaluate using accuracy, F1-score, ROC
o Save model (joblib/pickle)

9. Documentation Best Practices

e Introduction + Problem Definition
o Dataset Description

e Methodology & Tools Used

e Results & Charts

e Challenges Faced

e Conclusion & Future Work

10. Creating a Technical Report

Structure your report like a research paper:

o Title

e Abstract

e Methodology
e Results

o References
e Appendix (code snippets)

11. Project Presentation Techniques

e Keep slides clear and visual
e Show graphs, screenshots, demos
o Explain results with business impact
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o Rehearse for 10-15 minutes timing

12. Demo Creation (App/Web Ul)

e Use Streamlit/Flask for frontend

e Host via Heroku or local server

o Keep the Ul user-friendly

e Optional: add login or download options

13. Version Control with GitHub

e Push code regularly

e Use meaningful commit messages

e Link your GitHub to resume

o Create a README with project summary

14. Certification Process

e Submit report + demo + presentation

o Evaluation by mentor/committee

o Receive certificate (physical or digital)
e Add to LinkedIn, portfolio

15. Guest Lectures (Purpose & Takeaways)
Guest lectures by industry professionals help:

e Understand real-world Al use
e Know job requirements

e Learn best practices

o Get mentorship connections

16. Internships & Industry Collaboration

e Apply through job portals (Internshala, LinkedIn)
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Join hackathons (Smart India Hackathon, etc.)
Look for project collaborations via forums or local startups

17. Resume Building for Al Roles

18.

19.

Include a brief summary at top

List skills: Python, ML, DL, tools
Link GitHub, Kaggle, portfolio
Highlight major project & internship

Career Paths in Al

Data Analyst

Machine Learning Engineer

Data Scientist

Al Research Assistant

Al Product Manager

NLP or Computer Vision Specialist

Interview Preparation & Portfolios

Prepare coding (Leetcode, HackerRank)
Revise ML/DL concepts

Build a personal website portfolio
Practice explaining projects simply

20. Final Words & Next Steps

Congratulations! You’re now ready to:

Build independent Al solutions
Contribute to open-source

Apply for jobs or higher studies
Solve real-world challenges with Al
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