® Labeled Data: The training dataset contains input-output pairs. For example, in a
spam detection system, the inputs might be email features (like subject line and
sender), and the outputs are labels indicating whether the email is spam or not.

® Training Process: The model is trained using algorithms that adjust its
parameters to minimize the difference between its predictions and the actual
labels. This process is often done using techniques like gradient descent.

Types of Problems:

® (Classification: The output is a category or class. For instance, predicting whether
an email is spam or not (binary classification) or recognizing handwritten digits
(multi-class classification).

® Regression: The output is a continuous value. For example, predicting house
prices based on features like location, size, and number of bedrooms.

® Evaluation: After training, the model's performance is assessed using a separate
test dataset. Common metrics include accuracy, precision, recall, and mean
squared error, depending on whether the task is classification or regression.

Applications:
Supervised learning is widely used in various applications, including:

e Email filtering

e Credit scoring

e Medical diagnosis

¢ Image and speech recognition

Overall, supervised learning is a powerful approach that enables machines to learn
from past data and make informed predictions.

Unsupervised learning:

Unsupervised learning is a type of machine learning where a model is trained on
data that does not have labeled outputs. Instead of learning from specific
input-output pairs, the model identifies patterns and structures in the data on its
own. The goal is to uncover hidden patterns or groupings within the data.

Key Features of Unsupervised Learning:

® Unlabeled Data: The training dataset consists solely of input data without
corresponding labels or outcomes. For example, a dataset of customer purchase
histories without any classification or category labels.

® Training Process: The model explores the data to find natural groupings or
relationships. It does not require predefined categories, which allows for more
flexibility in data analysis.

Types of Problems:



® Clustering: The model groups similar data points together. For instance,
clustering customers based on purchasing behavior can help identify distinct
market segments.

® Dimensionality Reduction: This involves reducing the number of features in the
data while preserving its essential structure. Techniques like Principal
Component Analysis (PCA) are commonly used to simplify data visualization and
analysis.

® Evaluation: Evaluating unsupervised learning models can be challenging since
there are no labels to compare against. Common approaches include silhouette
scores for clustering or visual inspection of clusters to assess their quality.

Applications:
Unsupervised learning is widely used in various fields, including:

e Customer segmentation in marketing

e Anomaly detection in fraud detection

e Image compression

e Topic modeling in natural language processing

Overall, unsupervised learning is a valuable approach for exploring data, discovering
patterns, and gaining insights without the need for labeled datasets.

Reinforcement learning:

Reinforcement learning (RL) is a type of machine learning where an agent learns to
make decisions by interacting with an environment. The agent takes actions,
receives feedback in the form of rewards or penalties, and adjusts its strategy to
maximize cumulative rewards over time. This learning process is inspired by
behavioral psychology and aims to develop a policy that guides the agent’s actions.

Key Features of Reinforcement Learning:

® Agent and Environment: In RL, there is an agent that makes decisions and an
environment that provides feedback based on those decisions. The agent
interacts with the environment through actions and observes the results.

® Actions, States, and Rewards:

1. State: A representation of the current situation of the environment.

Action: Choices available to the agent that can affect the state.

3. Reward: A feedback signal received after taking an action, indicating
how good or bad that action was in terms of achieving the goal.
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® Learning Process: The agent learns through trial and error, exploring different
actions to discover which ones yield the highest rewards. It develops a policy,
which is a strategy that defines the best action to take in each state.



