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What is ML?

A computer program is said to learn from experience E with respect to 
some class of tasks T and performance measure P if its performance 
at tasks in T, as measured by P, improves with experience E.

- Tom M. Mitchell, 1998
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Example Machine Learning problem
● Program for spam detection

○ Task T: classifying an email into spam vs. non-spam

○ Experience E: observing the users label the emails as spam vs. non-spam

○ Performance P: fraction of email that are correctly detected
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Experience is through the data

MNIST dataset
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Discrete outputs/targets
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P: Performance Measure
● Best performance on 

new samples? 

Generalization



Types of Machine Learning



Peng et al. 2021



Supervised Learning



Supervised Learning
● Supervised learning techniques

○ p features X1, X2, X3, ….. Xp measured on N observations



Supervised Learning
● Supervised learning techniques

○ p features X1, X2, X3, ….. Xp measured on N observations
○ Response (t) also measured on these



Supervised Learning
● Supervised learning techniques

○ p features X1, X2, X3, ….. Xp measured on N observations
○ Response (t) also measured on these
○ → goal is to predict t using X1, X2, X3, ….. Xp
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Supervised Learning

● Dataset: {features xi, targets ti}
● Classification: discrete targets
● Regression: continuous targets



Supervised Learning

Finding a function f such that f(x) ≅t for all known and unknown 
samples (x, t)
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Unsupervised learning
● Only have a set of features X1, X2, X3, ….. Xp

● Not interested in prediction (don’t have an associated t)
● → goal is to discover “Interesting things” about the data



Peng et al. 2021
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Unsupervised learning
● “Interesting things” about the data

○ Is there an informative way to visualize the data?
○ Can we discover ‘subgroups’ among the variables or samples?
○ Can we compress the data?



Unsupervised learning
● A diverse set of statistical techniques for answering such 

questions
○ Clustering



Unsupervised learning
● A diverse set of statistical techniques for answering such 

questions
○ Clustering
○ Dimensionality Reduction - Principal Component Analysis (PCA)
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Reinforcement Learning
● Dynamic environment → 

provides its state information
● Agent → takes actions and 

receives rewards
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Reinforcement Learning
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Reinforcement Learning
● Task: maximizing the reward
● Learning by trail-and-error
● Games, Robotics, etc.

https://www.kdnuggets.com/
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Other types of learning
● Semi-supervised learning

○ Data - {X1, X2, … XN}
○ Target - {t1, t2, … tK}
○ K < N (Not all samples have the labels!)
○ Work with all the data to learn the predictor



Next
Probability - Bayes Theorem, 

Expectation, Variance


