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Is Machine Learning New?

“Machine learning is applied mathematics on steroids,  

where the steroids are computing power and a lot of data” 

—Maria Spiropulu

• Mathematician/Statistician: of course not!, statistical 

learning goes back to Bayes, Legendre and Laplace!


• Computer Scientist: it is just another form of Artificial 

Intelligence. Basically smart algorithms + Moore’s law


• Astronomer/Biologist: we have being learning from data from 

the dawn of the civilization.



Do we need ML?



Data



Data: ML volcabulary

M. Nauer 

Age: 31


Nat: Germany


Value: €61M


Overall: 92

L. Suárez 

Age: 30


Nat: Uruguay


Value: €97M


Overall: 92

Neymar Jr. 

Age: 25


Nat: Brazil


Value: €123M


Overall: 92

L. Messi 

Age: 30


Nat: Argentina


Value: €105M


Overall: 93

C. Ronaldo 

Age: 32


Nat: Portugal


Value: €95.5M


Overall: 94



Data: Features and Samples
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S
a

m
p

le
s

Text Int Cat Per Float Complex

TYPES



Potential vs Age
Features
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Or Galaxies
Features
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Models and Methods



Machine Learning Tasks
• Decisions based on data


• Predicting


• regression, extrapolation, etc.


• Labelling 


• classification, clustering, etc.


• Characterizing 


• density estimation, model 

selection, dimensionality 

reduction, etc.


• Acting 


• active learning, reinforcement 

learning, etc.



So ML is Optimization?

• Yes!, but… 

• it is optimizing for the 

possible future values


• the objective is to 

generalize well


• prediction error is different 

from training error 

• do you trust your data?

argmax
θ

{f(x; θ)}
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Just any optimization

argmax
θ

{E[f(x; θ)|X]}
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Typical ML optimization



Machine Learning 

Paradigms
• Task 

• Supervised vs Unsupervised 


• Discrete vs Continuous 


• Batch vs Sequential


• Models 

• Parametric vs Non-Parametric


• Linear vs Non-Linear


• Discriminative vs Generative
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And much more…



So… hands on!



More on Regression
Models Methods



More on Regression
Gaussian Processes



SVMs in a nutshell



Clustering with GMMs in a 

nutshell



Dimensionality Reduction 

using PCA in a nutshell



REINFORCEMENT 

LEARNING



How he/she/it learn?

ENVIRONMENT

Actions Percepts

AGENT

Actuators SensorsModel
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• Two types of uncertainty


• Aleatory Variability: T or r are stochastic, e.g.


• Epistemic Uncertainty: S is latent, T is unknown, e.g.

Pr(S0|S,A)
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Pr(S; b), P r(S0|S,A; b)
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• Aleatory Variability: T or r are stochastic, e.g.


• Epistemic Uncertainty: S is latent, T is unknown, e.g.

Pr(S; b), P r(S0|S,A; b)
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