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CNN

We consider an image classification task: we want to recognize which object is on an
image.

Figure: CIFAR dataset

The input is an image: about 103 to 107 pixels: these are our inputs.
Problems: The multi-layer perceptron:

Does not take into account local information. It would work similarly on any
permutation of the pixels!
Has, just on the first layer, as many parameters as there are inputs!
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Convolutional Layer

Instead of making a linear combination of all the pixels, we consider a weighted average
of a moving window of pixels, of size 3x3, or 5x5...
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Convolutional Layer
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Convolutional Layer
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Convolutional Layer
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Convolutional Layer
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Convolutional Layer
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Convolutional Layer
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Convolutional Layer

Aymeric DIEULEVEUT DS4M - April 2025 11 / 45



Summary

CNN:
allow to take spacial information into account
reduce the number of parameters per layer. We can have deeper networks!

LeNet 1998:

8 layers, 60k parameters.

Resnet 2016

ª 40 Layers, 140M parameters
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Image classification - CNN Tree

Figure: Confusion set outputs by AlexNet softmax prediction on validation set of ILSVRC 2015.
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Image classification - CNN Tree

Figure: Top label is given by basic AlexNet CNN while bottom one is given by CNNTree (green

color corresponds to a correct prediction)
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Pose estimation - Deeppose
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Action recognition
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Object detection and segmentation
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Object detection - YOLO, SDD

More recently, YOLO (You Only Look Once) and SSD (Single Shot Detector) allow
single pipeline detection that directly predicts class labels.

Figure: YOLO results
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SSD
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Scene labeling - DAG-RNN
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Object tracking

Object Detection in a video:
YOLO https://pjreddie.com/darknet/yolo/

YOLO - James Bond https://www.youtube.com/watch?v=VOC3huqHrss
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Deep Learning - Many many other applications!

1 Image and video (super-resolution, 3D, Image captioning), medical applications...
2 Self Driving cars (scene segmentation, etc.)
3 In NLP (language, text), automatic translation, voice recognition, text generation,

next word completion ... (Virtual assistants)
4 Recommendation systems...
5 For time series, complex datasets too...

But also beyond the supervised settings: using adversarial networks (GANS) for
generation of images, faces, voice, etc.

http://www.whichfaceisreal.com/
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Limits and problems

Limits of Deep Learning: !

Interpretability
Vulnerability, failures, biases
Size of the models: Applicability, Ethical, Energy & Ecological concerns (Ai has both
a positive and a huge negative carbon footprint)!
Theory!
Ethical and practical concerns
Privacy
Source tracking, Ownership, IP
Alignment
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Ethical issues

1 Bias

2 Interpretability

3 Ecological Impact of AI and Energy Consumption

4 Ethics and Responsibility in AI

5 Data Privacy Protection

6 Alignment

7 Copyright issues

8 Societal challenges
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Biases
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Car accidents

Analysis of crash and injury data compiled from the National Automotive
Sampling System Crashworthiness Data System for the years 1998 to 2015.
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Bias in crash test

https://www.consumerreports.org/car-safety/crash-test-bias-how-male-focused-testing-puts-female-drivers-at-risk/
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Interpretability

Very hard questions:
1 How can I interpret the impact of each feature in my prediction?

2 What is the impact of each training point in my model?

! (data valuation, sourcing)

Hard to avoid! Model size makes interpretability and learning dynamics
always more complex.

Aymeric Dieuleveut Working with data



Ecological impact and energy consumption

Figure: Yahoo finance, 27 September 2024 source

Hard to avoid! Model size and training keeps increasing.
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Environmental issues

The Shift Project https://theshiftproject.org/lean-ict/
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Ethics and responsibility

1 Military applications
2 Face recognition
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Data privacy

Figure: The guardian, 2024

Ensuring privacy during training is extremely hard.
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https://www.theguardian.com/us-news/article/2024/jul/30/meta-settles-texas-privacy-lawsuit-user-biometric-data


Alignment

Aymeric Dieuleveut Working with data



Copyrighted Data

Foundation Models and Intellectual Property are not easily com-

patible
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Societal challenges

Society and jobs

Transformation of Current Jobs and Emergence of New Roles:
New positions focused on the development, management, and
supervision of AI systems.

Societal Risks and Benefits of AI: Risks such as job loss,
algorithmic discrimination, and privacy protection.

Society and democracy, crime, etc.

Democratic and Political Challenges Mass manipulation, echo
chambers, hacking.

Criminal usage (e.g., deepfakes)

Society and Sovereignty

Concentration of Major AI Players ! competition, innovation,
and benefit distribution.

The Sovereign AI Challenge: The concept of sovereign AI implies a
country’s capacity to develop, deploy, and control its own AI
technologies, raising concerns about technological dependence.
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Cost of storing data

Money: 300.000 US dollars in Google Cloud to store 1 petabyte
during one year.

Data centers and environment
2% of the total electricity consumption in the US.

626 billion liters of water.

2% of total global greenhouse emissions.

Hard to avoid - model performance is directly related to data.
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Attacks
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Deep Learning: failures

CNN are not always “robust” to adversarial attacks !

Figure: What happened here ??
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Deep Learning: failures

CNN are not always “robust” to adversarial attacks !

Adding a small well chosen noise can completely fool a CNN !
# Can we trust deep networks on cars, medical applications, planes...?
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Deep Learning: questionable applications

Are some applications just bad (they all already exist :( ) ?

Deep Fakes: insert someone in a video.

Underground exploration: finding new fossil resources.

Voice imitation: what if I cannot check who is calling me.

Military applications + automatic weapons.

Mass surveillance.
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Deep Learning: questionable applications

A challenging problem: chain of responsibility. The same tools are used
for positive and negative applications, e.g.:

mass surveillance

tumor recognition

are both based on image recognition...
Good news ! the research community is very aware of the situation.
Some references:

Asilomar AI Principles https://www.oecd.org/going-digital/
ai-intelligent-machines-smart-policies/
conference-agenda/
ai-intelligent-machines-smart-policies-oheigeartaigh.
pdf https://futureoflife.org/ai-principles/

European guidelines
https://ec.europa.eu/digital-single-market/en/news/
ethics-guidelines-trustworthy-ai

AI for Good https://ai4good.org/
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Conclusion: Deep Learning in one slide

How does it work:

œ Automatically learn representations of observations

œ Learn highly non-linear models.

What does it require:

œ Large datasets with structure

œ Computational power

Why now:

œ Combination of the 2 points above

œ investment!

Some Applications

œ Image classification; object / face recognition

œ Self driving cars

œ Automatic Translation, Information extraction

œ Caption Generation

œ Ads, recommendation systems, etc.

Goals: Understanding core concepts of Deep Learning.
When and how it works on paper (data, models, architecture)
How to implement a simple neural network with Python.
Overview of some of the main applications and challenges.
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