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Date
Deep Learnig Classes

(09:30-13:00)
Image Classification Classes

(14:15-17:45)

12/02/2018
Introduction to Deep Learning, Classification

and Feed Forward Neural Networks
Introduction to Image Classification and basics 

of image handling in Python

14/02/2018
Overfitting and regularization, gradient descent 

variations, tips & tricks
Hand-crafted features for image classification

16/02/2018
Recurrent neural networks, vanishing gradient 

issues, Long-Short Term Memories 
Computer Vision features for image 

classification

19/02/2018 TensorFlow and PyTorch
Data-driven feature extraction and

Convolutional Neural Networks

21/02/2018
Deep neural networks architectures for image 

classification and structural learning (with 
guests)

Advanced CNNs and Best practices
in image classification

23/02/2018
Special guests: Variational Autoencoder, Shape
Classification, Overview of DeepMind research.

An overview on extended problems 
in image classification
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𝐼(𝑟, 𝑐) = [120, 𝟏𝟓𝟎, 30]

𝐼(𝑟, 𝑐) = [100, 190, 𝟐𝟒𝟎]

𝐼(𝑟, 𝑐) = [𝟐𝟒𝟎, 80, 70]

𝐼(𝑟, 𝑐) = [40, 30, 11]

[0 − 255]



𝐺 ∈ ℝ𝑅×𝐶

𝐵 ∈ ℝ𝑅×𝐶

𝐼 ∈ ℝ𝑅×𝐶×3

𝑅 ∈ ℝ𝑅×𝐶

𝐼 ∈ ℝ512×512×3















𝐼 ∈ ℝ𝑅 × 𝐶 × 3

𝑉 ∈ ℝ𝑅 × 𝐶 × 3 × 𝑇

𝑅 = 144, 𝐶 = 180
388.800



• 𝑅 = 1080, 𝐶 = 1920 ≈ 6𝑀𝐵

• ≈ 150𝑀𝐵
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• 𝒙 ∈ ℝ𝑑 𝑑

• 𝑦 ∈ Λ = {1, … , 𝐿} 𝐼 𝐿

𝑇𝑅 = { 𝒙𝑖 , 𝑦𝑖 , 𝑖 = 1, … , 𝑁}
𝒦 ∶ ℝ𝑑 → Λ

ො𝑦𝑗 = 𝒦 𝒙𝑗

𝑦𝑗 , ∀𝑗

ො𝑦𝑗 𝒦

{ 𝑥𝑗 , 𝑦𝑗 , 𝑗 = 1, … }
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ො𝑦𝑗 = 𝑦𝑗∗ , being 𝑗∗ = argmin
𝑖=1…𝑁

𝑑( 𝒙𝑗 , 𝒙𝑖)

𝑑 𝒙𝑗 , 𝒙𝑖 = 𝒙𝒋 − 𝒙𝒊 𝟐
= 

𝑘
𝒙𝒋 𝑘

− 𝒙𝒊 𝑘

𝟐

http://cs231n.stanford.edu/
http://cs231n.github.io/


𝐾 −

ො𝑦𝑗 = 𝑦𝑗∗ , being 𝑗∗ the mode of 𝒰𝐾 𝒙𝑗

𝒰𝐾(𝒙𝑗) 𝐾 𝒙𝑗

𝐾

http://cs231n.stanford.edu/
http://cs231n.github.io/
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𝑇𝑅 𝑑
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ℓ2

http://cs231n.stanford.edu/
http://cs231n.github.io/


ℝ𝑑

CS231n: Convolutional Neural Networks for Visual Recognition http://cs231n.github.io/

http://cs231n.stanford.edu/
http://cs231n.github.io/
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𝑑 = 32 × 32 × 3
= 3072

http://www.cs.toronto.edu/~kriz/learning-features-2009-TR.pdf












𝒙
𝐿

𝒦: ℝ𝑑 → ℝ𝐿

𝒦(𝒙) 𝐿 − 𝑖 −

𝑠𝑖 = 𝒦 𝒙 𝑖

𝒙 𝒊



𝒦
𝒦 𝒙 = 𝑊𝒙 + 𝑏

𝑊 ∈ ℝ𝐿×𝑑 𝑏 ∈ ℝ𝐿

𝒦

𝑊 𝑏

CS231n: Convolutional Neural Networks for Visual Recognition http://cs231n.github.io/

𝒦

http://cs231n.stanford.edu/
http://cs231n.github.io/


ො𝑦𝑗 = argmax
𝑖=1,..,𝐿

𝑠𝑗 𝒊

𝒔𝑗 𝒊
𝑖 −

𝒦 𝒙𝑗 = 𝑊𝒙𝑗 + 𝒃

𝒦



𝒦



𝑇𝑅
𝑇𝑅

𝑊, 𝑏 = argmin
𝑊∈ℝ𝐿×𝑑 𝑏∈ ℝ𝐿



𝒙𝑖,𝑦𝑖 ∈𝑇𝑅

ℒ 𝒙, 𝑦𝑖

𝑊, 𝑏 = argmin
𝑊∈ℝ𝐿×𝑑 𝑏∈ ℝ𝐿



𝒙𝑖,𝑦𝑖 ∈𝑇𝑅

ℒ 𝒙, 𝑦𝑖 + 𝜆 ℛ(𝑊, 𝑏)

𝜆 > 0





𝑊(𝑖, : ) 𝑑 −
𝑖 −

𝑖 −

𝑊 𝑖, : ∗ 𝒙

𝑑 −



ℝ𝑑

ℝ𝑑

ℝ2

𝑓 𝑥1, 𝑥2 = 𝑤1𝑥1 + 𝑤2𝑥2 + 𝑏

𝑥1, 𝑥2

𝑓 𝑥1, 𝑥2 = 0

ℝ2

ℝ𝑑
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𝐼1 ∈ ℝ𝑟1×𝑐1

𝐼1 ∈ ℝ𝑟2×𝑐2

𝐱 ∈ ℝ𝑑

𝐱 ∈ ℝ𝑑
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(𝑑 ≪ 𝑟 × 𝑐)

“parcel”

“double”

𝑦 ∈ Λ

𝑦 ∈ Λ
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