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PRINCIPLE OF MACHINE LEARNING 
Biased decisions that are ‘accurate but unfair’  ? (Bias in Bios Dataset)

SUCCESS OF NEURAL-NETWORKS TO TREAT COMPLEX DATA

Example of the « Bios dataset », which was made public by linkedin/microsoft, to predict the job occupation using neural networks.
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(A biography on linkedin)

Optimal data 
representation

(embedding)

Data 
preparation
(generally by 

using a generic 
pre-trained 

neural-network)

Prediction
(using a 

specific neural-
network)

“Surgeon”

Job recommendation

(out of a list of known jobs)

Mimics the recommendations 
made in a reference training set

(here more than 400K 
recommendations)
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…
Xp

i

Ŷi := f (Xi)
…

Age : 41 
Educ Number : 6 
Hours per Week: 43

Age : 42 
Educ Number : 8 
Hours per Week: 41

̂Y = 1 ̂Y = 0

PRINCIPLE OF MACHINE LEARNING 
Biased decisions that are ‘accurate but unfair’  ? (Adult Dataset)

X1
i

X2
i

X3
i

…
Xp

i

Ŷi := f (Xi)
…

Ŷi = fθ(Xi)

Modèle de prédiction fθ
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La variable « Genre » semble liée à la décision algorithmique mais d’un point de 
vue légal, c’est un délit 

Article 225-1 du code pénal prévoit 3 ans de prison et 45.000 € d’amende

DECISION NON EXPLICABLE ET DÉLOYALE 
Illustration : Prédire un Risque de Crédit

« Mais ce n’est pas de 
ma faute c’est celle de 
l’algorithme » 
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BIAS IN MACHINE LEARNING 
Is it a problem we tackle ? From moral to legal point of view 

1

• An A.I. algorithm suffers from unfairness if its outcomes  (decisions) are fully or partly based on a 
variable A that should not play a decisive role in the decision making process. 

• A chosen Variable A is denoted by sensitive attribute. 
 It divides the observations into subgroups (e.g.: Males/Females).  
 The prediction algorithm should not show a different behavior over these subsets.  
 The variable A is chosen by the practitioner. Its choice is driven by legal, ethic or technical 

concerns. 

Y

→
→
→

Artificial Intelligence Act (April 2021) by European 
Commission 
• Definitions of High Risk domains of a applications 

(health, finance, public services, transports …) 
• Performance matters but not only : notions of equity, 

transparency and robustness 
• Need to definitions of norms to measures bias 

(AFNOR, IEEE, …)
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• Les algorithmes peuvent-ils produire des décisions discriminatoires ? 

• Pourquoi  

• Comment définir, quantifier, et détecter les biais ? 

• Peut-on auditer les algorithmes ? 

• Peut-on corriger les algorithmes biaisés ?

NECESSITE DE SE PRÉMUNIR DES RISQUES DE DÉLOYAUTÉ 
Questions clés dans l’optique de mettre sur le marché des algorithmes d’IA
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FAIRNESS IN MACHINE LEARNING 
Principle : independence w.r.t to the protected attribute

1

Statistical Parity: a variable 
(gender) influences the outcome  
while it should not play any role 

 Same decision for all groups A→

Equality of Odds: the performance of 
the algorithm is degraded for given 
subgroups 

 Same performance for all groups A →

̂Y = g(X) ⊥ A

̂Y = (g(X) ⊥ A) |Y
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FAIRNESS IN MACHINE LEARNING 
In the Jungle of Fairness in the Literature 

1

• Input observations are   
• Output observations (available in the learning sample) are  
• Decision rules to predict  are  

Different measures of  (group) fairness in classification case that may be incompatible 

1. Disparate Treatment                                                                                  

2. Avoiding Disparate Treatment :         

3. Predictive Parity              

If the decision is a function of a score S, previous definitions can be extended to the score 
 Or use the notion of score balance     
    
Extensions to the regression case and other applications (ranking, recommendations …) 

(X, A)
Y

Y ̂Y = f(X, A)

P( ̂Y = 1 ∣ A = 0) / P( ̂Y = 1 ∣ A = 1)

P( ̂Y = i ∣ A = 0,Y = j) − P( ̂Y ∣ A = 1,Y = j)

P(Y = i ∣ ̂Y = j, A = 0) − P(Y = i ∣ ̂Y = j, A = 1)

E(S | (Y, A)) = E(S |Y )
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FROM OT THEORY TO FAIRNESS 
Definition of OT-based measure

W2
2(μ, ν) := min

X∼μ,Y∼ν
E∥X − Y∥2

ηa(g) := ℒ(g(X, A) |A = a)

Fairness Measure : 

arg min
ν ∫ W2

2(μA(g), ν)dℙ(A)
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OT FAIRNESS MEASURE IS OPTIMAL  
Wasserstein’s barycenter as an optimal fair regressor’s distribution

equality, achieved for the Wasserstein Barycenter of  

.

PμA
=

k

∑
a=1

πaδμa

ℰFair(ℱ) = inf
g∈ℱ

𝔼AW2
2(μA, ν(g))

* Statistical Parity of g implies that  for all A=a νa(g) = ν(g)

Outcome : New feasible Tests based on the asymptotic distribution of OT-cost (or Sinkhorn costs) 
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BIAS MITIGATION 
Pre - In - or Post -  processing the data

1/  Pre-processing the learning sample (Fair Representations) 
2/  Controlling the Optimization step 
3/ Post-processing the output of the algorithm  

                                     

Scalable regularisation term for 
PyTorch

Parameters

X1
i

X2
i

Xp
i

⋮

{Y1
i , Ai}

{YK
i , Ai}
⋮
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Bob is 1m86 tall if Bob was Alice, he would be ?? tall 

What if I were a man ? 
How would my other characteristics change accordingly ? 
Counterfactuals that are plausible

BIAS MITIGATION OF LOCAL BIAS 
Modeling using Counterfactual

Idea : the counterfactual operation switching S from s to s' can be seen as a mass 
transportation plan pushing  towards  

Transport-based Counterfactual Model and training with an individual biased penalty

μA=1 μA=0
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WHAT’S NEXT 
Trial : Trust & Reliability in Machine Learning

• Understanding the sources of bias in the Algorithm beyond bias in the data  

• From local to global : Discovering where the bias lies in the data , i.e zones of unfairness 
Which reveals hidden bias (uncoded variables or intersectional) 

• Auditing algorithms in a black box setting 
(with a limited exploration budget as a constraint …) 

• Towards Auditing Generative Models (Chat-GPT, Stable Diffusion…. and more to come) 



Jean-Michel LOUBES & Laurent Risser

Disloyalty : the price depends on the location

WHAT’S NEXT 
Trial : Trust & Reliability in Machine Learning

• From bias to disloyalty : finding the « true » loss function
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Merci !
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What is ANITI ?



• Networked centers for research, education and 
economic development, with high international 
visibility
• Decision: April 26, 2019
• 4-year duration, renewable

3iA: Interdisciplinary Institutes for AI

4

PARIS

TOULOUSE

GRENOBLE

NICE



Our original Ambition

5

MODEL,
REASONING

DATA, 
LEARNING

Scalability Adaptability

Explainability Robustness

Fairness

Hybrid AI: efficient combination of 
Model-based & Data-based AI

Acceptability

Make possible the sustainable use and development 
of AI in human critical applicative sectors 
(transport…) and in industry 4.0



► Hybrid AI. Exploiting the virtues of model-based and data
driven AI.

► Injecting knowledge in data driven methods
► Using analyses/models of natural intelligence to help AI and
vice versa

► Multiple disciplines (statistics, automated reasoning, physical
models), different, fruitful perspectives on ML, with
implications for predictive maintenance, language,
certifiability, robotics

ANITI main topics

6
ANITI: Research Overview

25/03/2022



Coordinated by

Research institutes and 
labs

Universities and 
engineering schools

companies
and economic clusters

16

7

31

A collaborative institute

121
_________

Researchers

49
_________
Engineers

3800
_________

AI students in 2021-
2022

(+90% vs 2018-2019)

115
_________

PhDs and Pods

685+
_________

Publications

(180+ in A/A* conf)

15+
_________
Libraries



SIGNIFICANT CONTRIBUTIONS TO THE OPERATIONS 

OF EXISTING COMPANIES

“ANITI pave the way to go from 
demonstrators to certified products”

2024 2030

“ANITI contributes to preparing the 
future of automotive Advanced 

Drivers Assistant Systems”

Achievements :

- Significant technical findings for AI-based automotive ADASfeatures, for a greener & safer transportation

- 10 technical papers published (+ speakers at conferences for half of them)

Attribution map Top 25 most influential images

Conformal Pred Bbox out of distribution

Robustness against adv. attacks

Patents 3IA ANITI CHAIRS

Integrating neural network IP with safety Towards certification of ML based systems

Collective perception with V2X and AI

AI for ATM and large scale urban mobility
Radar Interference mitigation with V2X and AI

Multi Target extraction for automotive

radar with AI

Deep learning with semantic cognitive

and biological constraints

ML for analog circuits simulation Fusion based inference from heterogeneous data

8



“ANITI improves our operational 
excellence and our overall”

“We are providing more explainable 
AI capabilities for our Engineers 

and Customers”

SIGNIFICANT CONTRIBUTIONS TO THE OPERATIONS 
OF EXISTING COMPANIES

CNRS innovation prize 
(project Ethik-IA)

machine Learning, Optimal Transport, Wasserstein 
Barycenter, Transfert Learning, Adversarial Learning, 

Robustness

9



Integrative Progams and Themes

10



Chair Pis and Projects

11
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at the international level (H2020 projects, Singapore, DEEL with Canada, 
collaborations with India, Germany, Japan and the United States)

at the national level, with the Confiance.AI program and 3IA network

Our assets (II) : International and national collaborations



► Call for clusters answered September 28th, 2023:
Sustainable ecosystem enabling wide development of
Efficient, Frugal and Trustworthy AI:
• 400 researchers, +3000 students trained to AI, a
comprehensive set of dispositive in Education, Research
and Transfer

► Audition at ANR: October 30th, 2023. Answer to 8 questions
on ML expertise, innovation in education, computational
resources, capacity to attract talents, transfer to industry

► Informal feedback calls for reduction in amplitude of the
cluster. Excellence at international level. Keep the scientific
focus and consortium

► Next document to be produced by December 7th based on a
formal answer not available yet

Coming next
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