Definitions

Unsupervised Learning: Unsupervised learning is a type of machine learning where algorithms
analyze unlabeled data to find patterns, structures, or relationships without predefined output
labels. It includes tasks such as clustering, dimensionality reduction, and anomaly detection.

Unlabeled Data: Unlabeled data is a dataset where each data point does not have an associated
output label or target variable. Unsupervised learning algorithms analyze this data to uncover
inherent structures or patterns without relying on labeled examples.

Key Concepts

Types of Unsupervised Learning Algorithms:

Clustering: Clustering algorithms group similar data points together into clusters based on their
intrinsic properties or characteristics. Examples include K-means clustering, hierarchical clustering,
and DBSCAN (Density-Based Spatial Clustering of Applications with Noise).

Dimensionality Reduction: Dimensionality reduction techniques reduce the number of features or
variables in a dataset while preserving important information. Examples include principal
component analysis (PCA), t-distributed stochastic neighbor embedding (t-SNE), and autoencoders.

Anomaly Detection: Anomaly detection algorithms identify unusual or anomalous data points that
deviate from the norm. Examples include isolation forest, one-class SVM (Support Vector Machine),
and k-nearest neighbors (KNN) with distance-based metrics.

Workflow of Unsupervised Learning:

Data Preprocessing: Similar to supervised learning, data preprocessing involves tasks such as data
cleaning, normalization, and scaling to prepare the data for analysis.

Model Training: Unsupervised learning algorithms analyze the unlabeled data to discover patterns,
structures, or anomalies without explicit guidance or supervision.

Evaluation (Optional): Evaluation of unsupervised learning algorithms is often challenging since there
are no ground truth labels. Evaluation may involve qualitative assessment, visual inspection, or
domain expertise.

Interpretation and Insights: Interpretation of results and insights derived from unsupervised learning
algorithms play a crucial role in understanding the underlying structures or patterns in the data and
deriving actionable insights.

Examples and Applications

Customer Segmentation: Using clustering algorithms to group customers into segments based on
similar characteristics or behaviors, such as purchase history, demographics, and preferences.

Market Basket Analysis: Analyzing transaction data to identify patterns and associations between
products purchased together, enabling retailers to optimize product placement, promotions, and
cross-selling strategies.



Anomaly Detection in Cybersecurity: Detecting unusual patterns or behaviors in network traffic data
to identify potential security threats, such as malicious activities or cyber attacks.

Image Compression: Employing dimensionality reduction techniques like PCA to reduce the
dimensionality of image data while preserving important features, enabling efficient storage and
transmission of images.



