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Apprentissage machine — Eléments
fondamentaux

Méthodes d’apprentissage

Supervised Learning: Learning with a | | training set
Example: email spam detector with iram/ng set of alreaay labeled
emails

e Unsupervised Learning: Discovering patterns in unlabeled data
Example: cluster similar documents based on the text content

— Reinforcement Learning: learning based on feedback or reward
H Example: learn to play chess by winning or losing
Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR

Future of Artificial Intelligence.” (2015)



Qu’est-ce que ’apprentissage en
profondeur?

9 Part of the ma earning field of learning representations of
00 data. Exceptional effective at learning patterns.

Utilizes learning algorithms that derive meaning out of data by using

i-I-i a hierarchy of multiple layers that n the neural networks of oul
prait

|
E If you provide the system tons of information, it begins to
understand it and respond in useful ways.

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



Inspire par le cerveau

The first hierarchy of neurons
that receives information in the
visual cortex are sensitive to
specific edges while brain regions
further down the visual pipeline
are sensitive to more complex
structures such as faces.

V Our brain has lots of neurons connected together and the strength of
the connections between neurons represents long term knowledge.

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



Apprentissage en profondeur — Eléments
fondamentaux

Architecture
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A deep neural network consists of a hierarchy of layers, whereby each layer
transforms the input data into more abstract representations (e.g. edge ->

nose -> face). The output layer combines those features to make predictions.

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



Bref historique
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Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)


https://www.youtube.com/watch?v=cNxadbrN_aI&feature=youtu.be&t=12
https://www.youtube.com/watch?v=cNxadbrN_aI&feature=youtu.be&t=12

Apprentissage en profondeur — Eléments
fondamentaux

Réseaux neuronaux artificiels

input layer

hidden layer 1 hidden layer 2

Consists of one input, one output and multiple fully-connected hidden layers in-
between. Each layer is represented as a series of neurons and progressively extra
higher and higher-level features of the input until the final layer essentially makes a
decision about what the input shows.

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)
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Dermatologist-level classification of skin cancer
with deep neural networks

Andre Esteva'*, Brett Kuprel*, Roberto A. Novoa??, Justin Ko?, Susan M. Swetter®*, Helen M. Blau® & Sebastian Thrun®

The deeteralgorithm will see you now
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B digital ' test digital image
images of skin lesion
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Diagnosis of skin condition

CIFAR Nature, vol.542, 37 (2017)



L’apprentissage en profondeur en medecine

Diagnostics de cancers de la peau

Basal cell carcinomas * Epidermal benign
™ 3 * Epidermal malignant
3 Melanocytic benign
* Melanocytic malignant

Squamous cell carcinomas
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The CNN performed just as well as almost two dozen veteran dermatologists in
deciding whether a lesion needed further medical attention.

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



[’ apprentissage en profondeur donne de
meilleurs resultats que le dermatologue moyen

pour classer les cancers de la peau

Melanoma: 130 Images

Carcinoma: 135 Images
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Nature, vol. 542, 115 (2017)
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L’apprentissage en profondeur en medecine

Diagnostics de cancers du sein

(Al + Pathologist) > Pathologist

0.04

3.5%
0.035 . Deep Learning drops error rate
0.03 2.9% for breast cancer Diagnoses by
0.005 85%. Researchers trained their
Error . e
Rate* , models with millions of labeled
images to find the probability
o that a patch contains cancer,
s 0.5% eventual_ly creating tumor
0.005 - probability heatmaps.
. Study Al model Al model
Pathologist + Study

Pathologist
* Error rate defined as 1 - Area under the Receiver Operator Curve ogi

** A study pathologist, blinded to the ground truth diagnoses
independently scored all evaluation slides

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



[’apprentissage en profondeur en medecine

Détection de maladies oculaires d’origine diabétique

A. HEALTHY B. DISEASED

B Hemorrhages

LT

Their deep learning algorithm performed better than the median board-certified
ophthalmologist in assessing signs of diabetic retinopathy

Lukas Masuch. “Deep Learning - The Past, Present and
CIFAR Future of Artificial Intelligence.” (2015)



L'intelligence artificielle (I1A) transformera la médecine et les soins de

santé

« « Sile secteur des soins de santé des Etats-Unis utilisait les mégadonnées avec
créativité et efficacité [...], il pourrait créer plus de 300 milliards de dollars de valeur par
année. » Rapport McKinsey sur les mégadonnées, mai 2011

* L’IA estla meilleure technologie dont nous disposons pour regrouper les mégadonnées,
les interpréter et y donner suite.

L'IA apprendra des données de chacun, mais fournira des soins

personnalises
» Diagnostic et traitement génétiques personnalisés en fonction du génome de la personne

+ Recommandations fondées sur I'’échantillonnage quotidien de données tirées d’appareils
personnels comme la fréquence cardiaque, I'alimentation et les métabolites

- Etablissement de contacts entre les patients et d’autres personnes qui ont des
symptdémes et des caractéristiques génetiques semblables

Les médecins spécialistes humains s’appuieront sur I'lA
« Pathologie assistée par IA
» Chirurgie assistée par IA
* Mise au point de traitements assistés par IA

d
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Amyotrophie spinale :
premier traitement

Science, 6 décembre 2016

* Principale cause génétique
de mortalité infantile : 1/10 000

* 7 nov. 2016 : Traitement
approuvé par la FDA

* Mise au point : 13 ans
« Codt : 750 000 $/bébé/année
-L’apprentissage profond

peut-il nous y amener plus vite
pour moins cher?




[ apprentissage en profondeur prédit avec
precision les mutations de 1’amyotrophie
spinale

Xiong et coll., Science 2015

Experimentally
determined effects of
mutations on splicing

-40 -30 -20 -10 0 10 20 30

Effects of mutations determined using
Deep Learning
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SCIENTIFIC REP%}RTS

OFEN Genetic algorithm for the
_optimization of features and
‘neural networks in ECG signals
manoemaws - Classification
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