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Hands-on Introduction to Deep Learning
Methodology



Working basis
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Bias variance trade-off
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Underfitting Proper learning Overfitting
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Underfitting Proper learning Overfitting

Model complexity

Erro
r
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Bias variance trade-off - Detection



Metrics
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Metrics – Bad Choice
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New system for illness detection – the accuracy is not a good metric for this case
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Metrics – Precision/Recall
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𝒑𝒓𝒆𝒄𝒊𝒔𝒊𝒐𝒏 = 𝑻𝑷
𝑻𝑷 + 𝑭𝑷

𝒓𝒆𝒄𝒂𝒍𝒍 = 𝑻𝑷
𝑻𝑷 + 𝑭𝑵

Above all positiveprediction, how manyare positive data

Above all positive data,how many have beenpredicted positive
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Metrics – ROC curve
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𝑻𝑷𝑹 = 𝑻𝑷
𝑻𝑷 + 𝑭𝑵

𝑭𝑷𝑹 = 𝑭𝑷
𝑭𝑷 + 𝑻𝑵

Above all negative data,how many have beenpredicted positive

Variation of the acceptance threshold of a classto obtain the curve

Above all positive data,how many have beenpredicted positive
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Metrics – Other examples
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The curse of dimensionality
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Number of features

Per
form

anc
e
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Features selection
11

All the features

Selection

Selected features
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Features selection - Example
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Diabetes riskprediction system
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Features extraction
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All the features

Extraction

Extracted features
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Feature extraction – PCA example
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Feature extraction – PCA example
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Feature extraction – PCA example
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Feature transformation
17

All the features

Transformation

Transformed features
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Feature transformation - Example
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(x , y) Complex relationbetween x and y

Simple relationwith r and θ(r , θ)

IDRIS (CNRS) - Hands-on Introduction to Deep Learning - v.2.0



Balance the classes
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Data augmentation
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Under sampling
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Reminder : training a neural network
22IDRIS (CNRS) - Hands-on Introduction to Deep Learning - v.2.0



Iteration 1 Training
Iteration 2 Validation
Iteration 3

Iteration 4

Iteration 5

Splitting data in N parts
Data splitting
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Training Test

Training Validation Test

Model complexity

Erro
r
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Find the hyper-parameters
24

Hyper-parameters
• Learning rate• Regularization• Optimizer• Model architecture• Batch size• …

Methods
• Manual research• Grid search• Random research• Gradient• Evolutionary algorithms• …
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Learning rate
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Learning rate
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Too small Just right Too large



Regularization : motivation
27

Θ𝑡+1  =  Θ𝑡− 𝜂 ∇Θ ℒ 𝑦𝑖,𝑦𝑖
Updatedweights Weightsbeforeupdate= ])Label,(Prediction[ CostfunctionGradientLearningrate *−

Weight update equation
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Regularization: L1 and L2
28

Θ𝑡+1  =  Θ𝑡− 𝜂 ∇Θ ℒ 𝑦𝑖,𝑦𝑖 + λ 𝑅(Θ𝑡)

L1 : LASSO L2 : Ridge
Θ Θ2

Label Regularizationrate Regularizationfunction= − * [ ]+ * ( )( ),
• L1 Regularization• L2 Regularization• Max norm Regularization• Regularization with the cost function• Dropout

]),(−
Weight update equation

Updatedweights
Weightsbeforeupdate PredictionCostfunctionGradientLearningrate

Weightsbeforeupdate
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Regularization: max norm
29

Θ𝑡+1 = Θ𝑡+1
𝑚𝑎𝑥(Θ𝑡+1)

∗𝑠𝑐𝑎𝑙𝑒

Weights distribution over a layer

𝑚𝑎𝑥(Θ𝑡+1)𝑠𝑐𝑎𝑙𝑒

Weights before regularization
Weights after regularization
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Regularization: with the cost function (PINN example)
30

Guo, Yanan & Cao, Xiaoqun & Bainian, Liu & Gao, Mei. (2020). Solving PartialDifferential Equations Using Deep Learning and Physical Constraints
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PINN : 1D heat equation
31

Solution
Exercise :The heat diffusion over time along one dimension isgoverned by the following equation :

𝛛𝑢
𝛛𝑡

− 𝑘 𝛛2𝑢
𝛛2𝑥

= 0

with :• 𝑢 : the heat distribution along 𝑥,• 𝑘 : the thermal diffusivity of the material
We set theses constraints :
1. 𝑢 𝑥,0 = 𝑒𝑥𝑝 − 𝑥

0.1

2 pour 𝑥 𝜖 − 1,1
2. 𝑢 − 1,𝑡 = 𝑢 1,𝑡      ∀ 𝑡

𝑥

𝑡

Result : The final loss is below 10−6
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Regularization: Dropout
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Regularization: Dropout
33

Source :pytorch.orgdata-flair.trainingRight for the Right Reason: Making Image Classification Robust

Human = face ?
face

hands

arms
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Optimizers
34

SGDSGD + MomentumNAGAdaGradAdaDeltaRMSpropAdam
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https://ruder.io/content/images/2016/09/saddle_point_evaluation_optimizers.gif


Optimizers: Momentum
35

Convergence

Local minimum

With momentum

Without momentum
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Transfer Learning
36

Genericdata set Generic model Generictask

Specificdata set Pre trainedmodel SpecifictaskLayers totrain again
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Ensemble learning (ex : bagging)
37

Training Prediction
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