
Introduction to Machine Learning

What is Machine Learning?
Machine learning (ML) is a field of artificial intelligence where algorithms enable 
systems to learn and improve from experience, without being explicitly 
programmed.

Machine Learning vs. Traditional Programming
While traditional programming relies on explicit instructions, ML enables systems 
to learn and make decisions from data.

Conventional programming Machine learning

ML (Data, Output_labels)
{
   Analyse_data
   Find_patterns
   Create_model (patterns)

   extract:
      Inference_able_program
}

Data (Input) ProgramOutput

program(input A, input B)
{
   apply rule_1
   apply rule_1
        .
        .
        .
   apply last_rule
   extract Output }

Input A

Input B

Applications in Key Domains
In computer vision, ML empowers innovations like autonomous vehicles. In 
natural language processing (NLP), it drives advancements such as conversational 
AI and ChatGPT.

ML is transformative in businesses, supporting applications like predictive 
analytics for financial markets. In healthcare, precision medicine leverages ML to 
revolutionize personalized medical treatment.
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Machine Learning Paradigms
ML operates through supervised (labeled data), unsupervised (unlabeled data), 
and reinforcement learning (reward-based learning) paradigms.

Supervised Learning
A supervised learning algorithm takes labeled data as input and uses it to train a 
model that can make predictions or inferences on new, unlabeled data.

There are several supervised learning techniques which include:
• Linear regression: This involves single or multivariate prediction using a linear 
  model.
• Classification: This involves logistic regression that classifies data into  
  categories, supporting both binary and multiclass scenarios.

• Overfitting and generalization: The problem of overfitting occurs when a 
   model fits the training data too closely, leading to poor generalization on the 
   new data.

Regression Classification
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Overfitting

Generalization

������������������ ��������������� 
	���	���������������

x

yi = f(xi)y

����������������� ���������������� 
	���	���������������

x

yi = f(xi)y

����������������� ��������������� 
	���	���������������

x

yi = f(xi)y

���������������� ������������� 
	���	���������������

x

yi = f(xi)y

����������������� ���������������� 
	���	����������������

x

yi = f(xi)y

����������������� �������������� 
	���	���������������

x

yi = f(xi)y

1 2

3 4

5 6

7

8

Y

6

5

4

3

2

1

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 x

Overfitting

Data point (xi, yi)
Generalization



Introduction to Machine Learning

Reinforcement Learning (RL)
RL involves an actor making decisions in an environment, considering states, 
taking actions, and receiving rewards. Here are some concepts you need to know 
to understand RL:

Unsupervised Learning
Unsupervised learning deals with grouping the data based on some 
similarity/dissimilarity.

There are several unsupervised learning techniques which include:

• Validation techniques: These include cross-validation and bootstrapping that 
  assess model performance by validating on different subsets of the data.
• Model complexity and regularization: Occam’s razor suggests simpler models, 
  and regularization controls model complexity with penalties on parameters.
• Mathematical foundations: ML relies on hypotheses about relationships in 
  data, parameters that models learn, and spaces where features exist.

• Clustering: This helps group similar data points into an appropriate number of 
  clusters using algorithms like k-means, hierarchical clustering, and DBSCAN.
• Dimensionality reduction: This includes techniques like PCA, SVD, and t-SNE 
  that reduce data dimensions while retaining essential information.
• Association rule learning: This identifies patterns, as seen in market basket 
  analysis.
• Similarity measures: These quantify distances or relationships between data 
  points.
• Dictionary learning for dimensionality reduction: This optimally represents 
  data using a sparse set of dictionary elements.

• Markov decision processes (MDPs): These model decision-making processes 
  where future states depend only on the present state, not the sequence of 
  events.

Unlabeled Data

Predictions
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Famous Machine Learning Algorithms
Here are some common machine learning algorithms:

• Algorithms: These include RL algorithms like Q-learning and policy gradient 
  methods that guide decision-making.
• Value and policy iteration: These are iterative approaches for optimizing 
  policies in RL.
• Exploration vs. exploitation: Balancing exploration (trying new actions) and 
  exploitation (choosing known actions) is crucial in RL.

• Logistic regression: This works by modeling the probability of an outcome and 
  is applicable to both binary and multiclass classification.

• Decision trees and tree-based methods: These use tree structures to make 
  decisions based on features.
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Neural Networks and Deep Learning
Neural networks consist of interconnected nodes (perceptrons) spread over 
different layers with activation functions.

• Support vector machines (SVMs): SVMs classify data using linear or 
  kernel-based methods.

• Ensemble methods: These combine multiple models to improve overall 
  performance using bagging, boosting, random forests, and XGBoost.
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Machine Learning at Scale
Here are some key aspects of machine learning at scale:

Machine Learning Cycle

Tools

Here are the typical stages of the machine learning cycle:

Here are some features of neural networks and deep learning:
• Backpropagation and weight initialization: This involves adjusting weights 
  during training, where proper initialization is crucial for effective learning.
• Deep neural architectures: These include convolutional neural networks 
  (CNNs), recurrent neural networks (RNNs), and autoencoders.
• Deep learning libraries: These include TensorFlow, Keras, and PyTorch, and 
  facilitate deep learning model implementation. 

• Big data and machine learning: This involves integrating ML with big data by 
  processing massive datasets for insights.
• Distributed computing: These include frameworks like MapReduce and Spark 
  that handle large-scale ML tasks.
• Real-time inference and online learning: This involves the process of making 
  predictions or decisions using a machine learning model in real-time for 
  continuous. ML at scale includes real-time inference for immediate predictions 
  and continuous online learning. 

NumPy scikit-learn

scikit

PyTorch pandas KerasTensorFlow

Data collection and preprocessing
This involves collecting and preparing data through cleaning,

 transformation, and feature engineering.

Model architecture designing
This involves choosing algorithms and designing the model’s

structure, which are essential steps in the ML cycle.

Model training
This involves training the model using datasets, optimizing 

hyperparameters, and refining the model. 

Evaluation
This includes assessing model performance using metrics

and validation sets.

Inference
This means deploying the model for real-world predictions,

concluding the ML cycle.


