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Exam – theoretic/numeric exercise part

A 45-60 minutes exam, multiple 
choices (main reference: slides)



Exam – theoretic/numeric exercise part

A 45-60 minutes exam, multiple 
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è Let’s start with a simulation!

https://forms.gle/Bjgar3TRfy8ydb
gA7

https://forms.gle/Bjgar3TRfy8ydbgA7
https://forms.gle/Bjgar3TRfy8ydbgA7


Domanda #01: mean, median, variance, 
mode

Qual è la mediana del vettore?

✅ Risposta corretta: A. 5
(V ordinato: [1, 3, 5, 5, 5, 7, 9] ⇒ valore centrale = 5)









Scree plot

Dati ‘centrati’

Matrice di covarianza

Autovalori e corrispondenti 
autovettori

Prime k componenti principali

Proiezione dati originali



Domanda #06: PCA
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Nested cycle of CV

1. Inner

– Training data for model construction

– Validation data for choosing the 

hyperparameter(s)

2. Outer

– Training data (training+validation) for 

model building

– Test data for performance evaluation
We are answering the 

question: what is the best 
hyperparameter for this 

approach?

Domanda #10: Cross-validazione
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Nested cycle of CV

1. Inner

– Training data for model construction

– Validation data for choosing the 

hyperparameter(s)

2. Outer

– Training data (training+validation) for 

model building

– Test data for performance evaluation
We are answering the 

question: what the 
performance will be?

Domanda #10: Cross-validazione
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Nested cycle of CV

1. Inner

– Training data for model construction

– Validation data for choosing the 

hyperparameter(s)

2. Outer

– Training data (training+validation) for 

model building

– Test data for performance evaluation

We are answering the 
question: what will be the ’final’ 

model?

Domanda #10: Cross-validazione
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Domanda #10: Cross-validazione
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Unbalanced Data

1. The model may ignore the minority 
class

If 90% of the data belongs to class A 
and only 10% to class B, a model can 
get 90% accuracy by always predicting 
A. This leads to misleading metrics —
high accuracy but poor performance 
on the minority class.

2. Training becomes biased

Some algorithms (e.g., logistic 
regression, SVM, neural networks) can 
focus on optimizing the majority class, 
leading to: (i) Poor generalization on 
the minority class; (ii) Skewed decision 
boundaries.
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Handling unbalanced data: 
undersampling

Undersampling is a technique used to balance 
imbalanced datasets by (randomly) reducing 
the number of samples in the majority class.

✅ Pros:

- Simple and fast

- Reduces training time

- Can improve performance on the minority 
class

❌ Cons:

- Risk of losing useful information (especially 
if I don’t have ‘lots’ of data)

- May cause underfitting if too much data is 
discarded
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Handling unbalanced data: 
oversampling 

Oversampling is a technique used to balance 
imbalanced datasets by increasing the 
number of samples in the minority class. 
Simply duplicates existing samples!

✅ Pros:

- Balances the dataset without losing 
information

- Helps the model learn patterns in the 
minority class better

❌ Cons:

- Can lead to overfitting

- Synthetic data might not always represent 
the true distribution
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Handling unbalanced data: 
oversampling 

Oversampling is a technique used to balance 
imbalanced datasets by increasing the 
number of samples in the minority class. 
Simply duplicates existing samples!

✅ Pros:

- Balances the dataset without losing 
information

- Helps the model learn patterns in the 
minority class better

❌ Cons:

- Can lead to overfitting

- Synthetic data might not always represent 
the true distribution

In the literature you’ll find a 
procedure called SMOTE: don’t 

use it!!!!!!

Even if popular there is no 
scientific evidence that it 

actually works! 
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Domanda #11: Dati sbilanciati



Thank you!

Gian Antonio Susto 
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