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For an introduction? Ask to ChatGPT 1/2
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Intro to AI during my master (years 2002-04)

MAIN TEXTBOOK ON AI: https://aima.cs.berkeley.edu/
Artificial Intelligence: A Modern Approach. Stuart Russell and Peter Norvig

https://aima.cs.berkeley.edu/
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Humanoid Robots (Isaac Asimov’s style)

https://www.youtube.com/watch?v=F_7IPm7f1vI
https://www.youtube.com/watch?v=DrNcXgoFv20
https://www.youtube.com/watch?v=-9EM5_VFlt8

https://www.youtube.com/watch?v=F_7IPm7f1vI
https://www.youtube.com/watch?v=DrNcXgoFv20
https://www.youtube.com/watch?v=-9EM5_VFlt8
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Industrial Robotic Arm (mature technology!)
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QUESTION: First robot playing chess ever?

https://en.wikipedia.org/wiki/Mechanical_Turk

1995-1997: Deep Blue was a chess-playing expert system run
on a unique purpose-built IBM supercomputer

https://en.wikipedia.org/wiki/Mechanical_Turk
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Artificial Intelligence and Machine Learning

“Machine take me by surprise with great frequency”
– A.M. Turing
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What does it mean “Learning”?
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Informal definition

“Machine Learning is the field
of study that gives computers

the ability to learn without
being explicitly programmed”
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Reinforcement Learning plays ATARI (Nature, 2015)

https://www.youtube.com/watch?v=V1eYniJ0Rnk

https://www.youtube.com/watch?v=V1eYniJ0Rnk
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Formal definition
Definition 1 (Mitchell, 1997)
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 .

Example 2
A handwriting recognition learning problem:

Task T : recognizing and classifying handwritten words within
images
Performance measure P: percent of words correctly
classified
Training experience E : a dataset of handwritten words with
given classifications
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Handwriting recognition learning problem
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Self-driving cars

Example 3
A robot driving learning problem:

Task T : driving on public streets using vision sensors
Performance measure P: average distance traveled before
an error (as judged by human operator)
Training experience E : a sequence of images and steering
commands recorded while observing a human driver
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Handwriting recognition learning problem

https://www.moralmachine.net/

https://www.moralmachine.net/
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“Can Machine Think?”
– A.M. Turing
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Imitation Game: Turing’s Test
https://en.wikipedia.org/wiki/Turing_test

https://en.wikipedia.org/wiki/Turing_test


Introduction ML tasks Neural Networks Generative AI AI4Pharma

Essential Filmography

War games, 1983 (computer che gioca contro se stesso)

Terminator, 1984 (prima rete neurale addestrate in robot
umanoide)

L’uomo bicentenario, 1999 (dovrebbe essere una miniserie
Netflix!)

The imitation game, 2014 (Alan Turing, padre dell’AI
moderna)
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My view on AI: Natural Flight vs. Artificial Flight
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My view on AI: Natural Flight vs. Artificial Flight
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Learning Machines, by A.M. Turing
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Learning Machines, by A.M. Turing

My doubt: Will a computer love reading?
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In filosofia: AI debole vs. AI forte

AI DEBOLE: Si riferisce a sistemi di intelligenza
artificiale che sono progettati per risolvere problemi
specifici o svolgere compiti predefiniti (ad esempio,
riconoscimento vocale, giocare a scacchi, analizzare dati).
L’AI debole non possiede una vera comprensione o
coscienza, ma simula solo l’intelligenza in compiti limitati.

AI FORTE: Si riferisce a una forma di intelligenza
artificiale teorica che non solo simula l’intelligenza, ma
possiede una vera coscienza, autoconsapevolezza e
comprensione. Secondo i sostenitori dell’AI forte, un
sistema di AI forte sarebbe in grado di pensare, ragionare
e avere esperienze soggettive, come un essere umano.
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Quiz time!

The next number is 217341 IF

f (x) = 18111
2 x4 − 90555x3 + 633885

2 x2 − 452773x + 217331

since then

f (1) = 1, f (2) = 3, f (3) = 5, f (4) = 7, f (5) = 217341

REMARK: Learning is finding a function that “explains” the data.
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Fitting polynomial

f (x) = w4x4 + w3x3 + w2x2 + w1x + w0

Learning: trovare i valore di w4, w3, w2, w1, w0 che minimiz-
zano l’errore sui dati.



Introduction ML tasks Neural Networks Generative AI AI4Pharma

Outline

1 Introduction

2 ML tasks

3 Neural Networks

4 Generative AI

5 AI4Pharma



Introduction ML tasks Neural Networks Generative AI AI4Pharma

Math and Images

Disclaimer: “Images are just numbers!”

64x64 pixels
MedNIST Challenge

16x16 pixels
Downsampling

Image as matrix of
numbers
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Math, Color Images, and Tensors

RGB Image

Green channel

Red channel

Blu channel
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Human Vision vs. Artificial Vision: Where are we?
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Machine Learning Tasks

Machine Learning Tasks are typically classified into:

1 Supervised Learning

2 Unsupervised Learning

3 Reinforcement Learning
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Definition 4 (1. Supervised Learning)
Supervised Learning is the task of learning (inferring) a function f that
maps input vectors to their corresponding target vectors, by using a
dataset containing a given set of pairs of (input, output) samples.
Examples:

Regression: the output vectors contain continuous values

Classification: the output vectors contain discrete categories.
Special case: Binary Classification.

Learns known patterns

Labeled input data

Predicts outcome
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1. Supervised Learning: Binary Classification

⇒
{ 0=NORMAL

1=PNEUMONIA

x ∈ X : Input data y ∈ Y = {0, 1}: Target

CLASSIFICATION TASK: Find a function

fw : X → Y

that maps each input to the correct target.
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Dog or muffins?

Take Y = {−1, 1}, with y = 1 means DOG, and y = −1 means MUFFINS.

x1 = x2 = x3 = x4 = x5 =

y1 = 1 y2 = 1 y3 = −1 y4 = 1 y5 = −1

1 Use the Training Set ⇒ run learning algorithm ⇒ get

fw : X → Y
2 Use a Test Set to validate f :

fw

(
x6 =

)
= −1 fw

(
x7 =

)
= 1
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Is it a 4 or not?

We take Y = {−1, 1}, y = 1 means YES, IS 4, y = −1 NO, IT’S NOT.

x1 = x2 = x3 = x4 = x5 =

y1 = 1 y2 = −1 y3 = 1 y4 = 1 y5 = −1

1 Use the Training Set ⇒ run learning algorithm ⇒ get

fw : X → Y
2 Use a Test Set to validate f :

f
(

x6 =
)

= −1 f
(

x7 =
)

= 1
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Extended MNIST database
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Fashion MNIST
https://github.com/zalandoresearch/fashion-mnist

https://github.com/zalandoresearch/fashion-mnist
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See presentation by SeaVision this afternoon

https://seavision-latam.com/en/solutions/
pharmaceutical-packaging-control/blister-control/

https://seavision-latam.com/en/solutions/pharmaceutical-packaging-control/blister-control/
https://seavision-latam.com/en/solutions/pharmaceutical-packaging-control/blister-control/
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Definition 5 (2. Unsupervised Learning)
Unsupervised Learning is the task of learning (inferring) a function f
that maps input vectors to their corresponding target vectors, but
without any a priori knowledge about the correct mapping. Examples:

Clustering: To group or partition the input vectors into k groups
or clusters, with the vectors in each group close to each other.

Dimensionality Reduction: The goal is to project the data
from a high dimensional space down to two or three dimensions.

Learns unknown
patterns

Unlabeled input data

Find hidden patterns
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2. Unsupervised Learning: Clustering

x ∈ X : Input data ck :∈ C : Output Cluster

CLUSTERING TASK: Find a function

fw : X → C

that maps similar inputs to the same cluster ck ∈ C .
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Atari 2-dimensional t-SNE embedding of game conditions
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Definition 6 (3. Reinforcement Learning)
Reinforcement Learning is the task of learning from the consequences
of interactions with an environment without being explicitly taught.
Examples:

Robotic Controllers: Several robots controller are trained
with reinforcement learning.

Gaming: The demo clip on the Wall game of ATARI

Learns unknown
patterns

Unlabeled input data

Find hidden patterns
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Finding the best weight vector w for fw(X )

Given a data set, we divide the data into:

Training Set: it is used to learn a model, and contains usually
80% of the data.

Test Set: it is used to evaluate the learned model, and it
contains usually 20% of the data.

Given a data set, to increase the performance, it is better to fit the
model by iteratively changing the Training and Test set, and by
recording the model that yields the BEST RESULTS (see n-fold
cross validation).

... but BEST RESULTS with respect to which METRIC?
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(Deep) Neural Networks
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Biological Motivation

1 The human brain is estimated to contain a densely
interconnected network of around 1011 neurons

2 Each neuron is connected to around others 104 neurons.
Neurons activity is typically excited or inhibited through
connections to other neurons.

3 The switching of neurons is of order of 10−3 seconds, much
slower than modern computers, which have switching speeds
of 10−10 seconds

4 Humans take around 10−1 seconds to recognize a friend
(compare to switching speed...)

5 Human brain performs a highly parallel tasks
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Let us start simple: Single Perceptron
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Perceptron
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Multilayer Feedforward Neural Network
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Multilayer Feedforward Neural Networks

https://adamharley.com/nn_vis/

https://adamharley.com/nn_vis/
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Backpropagation as Automatic Differentiation

DEMO ON LEARNING WEIGHTS: Backpropagation Algorithms

https://www.youtube.com/watch?v=Ilg3gGewQ5U

https://www.youtube.com/watch?v=Ilg3gGewQ5U
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Modern Convolutional Neural Network
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WARNING: Limits and risks 1/3
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WARNING: Limits and risks 2/3
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WARNING: Limits and risks 3/3
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GDPR 2018: The right to Explanations

The data subject should have the right NOT
TO BE subject to a decision, which may include
a measure, evaluating personal aspects relating
to him or her which is based solely on automated
processing
[...]

(the data subject has) the right to obtain hu-
man intervention, to express his or her point of
view, to obtain an explanation of the deci-
sion reached after such assessment and to
challenge the decision.
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Which is a fake photo?

https://thispersondoesnotexist.com/

https://thispersondoesnotexist.com/
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Using Deep NNs as Discriminative Models

Step 1: Train-test split of the dataset.
Step 2: Choice of architecture.
Step 3: Training.
Step 4: Testing.

This is an example of Supervised Learning
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Using Deep NNs as Generative Models

This is an example of Unsupervised Learning

Picture from: https://realpython.com/generative-adversarial-networks/

https://realpython.com/generative-adversarial-networks/
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The GAN game
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The GAN game
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Molecules are graphs (and graphs are sparse matrices...)
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Classification of molecules

Graph-level classification task: to predict whether a given chem-
ical molecule is non-toxic (on the left) or toxic (on the right).
This is an example of binary classification.
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Dataset of interest for the pharmaceutical industry

Name Short description ML tasks
Mutag 4337 molecular structures with corresponding Ames tests Graph prediction
ogbg-molhiv Graphs represent molecules (nodes atoms, edges bonds) Graph prediction
ogbg-molpcba Graphs represent molecules (nodes atoms, edges bonds) Graph prediction
QM7 Chemical dataset of molecules with 7 heavy atoms Graph prediction
QM9 Chemical dataset of molecules with 9 heavy atoms Graph prediction
ZINC250k List of drug-like compounds available for sale Graph prediction
ogbn-proteins Graphs of protein interactions (e.g., co-expression) Node prediction
Protein Graphs of proteins to predict if the graph is an enzyme Graph prediction
Enzymes Graphs of proteins to assign enzymes to classes Classification
ogbl-ddi Graphs of drug-drug interactions Link prediction
Open Graph Bench. Realistic, large-scale, and diverse datasets for ML on graphs Several types
TUDatasets Datasets for graph classification and regression Several types
Graph Classification Collection of graph datasets for classification tasks Classification
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History of AlphaFold (See Giorgio’s talk this afternoon)

1 2015: Atari’s Deep Learning Network (first video)

2 2016: AlphaGo beats the world champion in the game of GO.

3 2018: AlphaZero learn the GO game from scratch playing
against AlphaGo.

4 2018: AlphaFold wins the Critical Assessment of Structure
Prediction (CASP) competion

5 2020: AlphaFold2 achieves a 92% accuracy in predicting the
3D structure of proteins.

6 2024: AlphaFold3 can predict the structure of complexes
created by proteins with DNA, RNA, various ligands, and ions

https://deepmind.google/technologies/alphafold/

https://deepmind.google/technologies/alphafold/
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AlphaFold2 and the Nobel Prize
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Lettura consigliata divulgativa
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Terence Tao’s perspective on AI and teaching
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