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Motivation

e (X, Y) — data: features and target (ground truth, Y € {0,1})
o 89— model (g4(X) € [0,1])
o ¥ — model's prediction (¥ = 1i,,00)505) € {0.1})

¢ S — sensitive attribute (e.g. gender, age, skin color, etc.)

Fairness Definition: Independence: yYus

Predefined groups
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Disparate Impact:
PY=1|S=0)=P{F=1|S=1)
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e (X, Y) — data: features and target (ground truth, Y € {0,1})
o 89— model (g4(X) € [0,1])
o ¥ — model's prediction (¥ = 1i,,00)505) € {0.1})

¢ S — sensitive attribute (e.g. gender, age, skin tone, etc.)

Fairness Definition: Independence: yYus

Predefined groups

* Prone to annotator bias
+ Overlook both the underlying data
distribution and the target variable
' + Assume samples inside a group to be
homogeneous in terms of fairness, thus,

S$=0
underestimating the level of
>0, (X) discrimination

Density

Disparate Impact:

PY=1|S=0)=P{F=1|S=1)
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Motivation

e (X, Y) — data: features and target (ground truth, Y € {0,1})
e 8o~ model (g,(X) € [0,1])

o ¥ — model's prediction (¥ = 1i,,00)505) € {0.1})

¢ S — sensitive attribute (e.g. gender, age, skin color, etc.)

Fairness Definition: Independence: yYus

Predefined groups Continuous sensitive variable

8o(X)

Density

S=0

»24(X)

Disparate Impact: Pearson Correlation:
pys =0

PY=1|S=0)=PF=1|S=1)
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Motivation

e (X, Y) — data: features and target (ground truth, Y € {0,1})
o 89— model (g4(X) € [0,1])
o ¥ — model's prediction (¥ = 1i,,00)505) € {0.1})

¢ S — sensitive attribute (e.g. gender, age, skin color, etc.)

Fairness Definition: Independence: yYus

i . ' .
Predefined groups Continuous sensitive variable
A
4 * Non-linear dependence is
computationally
. intractable
E 8 « Evaluate the overall
S S dependence between a
S=0 "oane T A o continuous sensitive
it variable and a target
>2y(X) et > S variable
A Disparate Imp:’:lct: Pearson Correlation:
PY=1|S=0))=P(Y=1|5=1 —
F=11S=0)=PF=1]|5=1) pig=0
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Motivation

Fairness Definition: Independence: YuUS

Continuous sensitive variable

Predefined groups
A A
> <)
-"é S=1 c% :
8 _ o X o t.. 8
S=0 N R
> go(X) > <
Disparate Impact: Pearson Correlation:
PY=1|S=0=PF¥=1|S=1) pys=0
Qur paper
A B B . B A
3 HEDE LIRS Worst case discrimination: Groups £
"haeral T o0 with the most different levels of = B
gL : discrimination
... BT : C
R I . (X
B C Use both the underlying data 8oX)
distribution and the target variable ARTZFACT



Motivation

* X x
Al Act emphasizes the need for reporting algorithmic performance : m ACT’;
across demographic groups. * *

* 5

Our research question: How to partition a continuous S into groups ?
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Problem setting

e (X, Y) — data: features and target (ground truth, Y € {0,1})
e 89— model (gy(X) € [0,1])

o ¥ — model’s prediction (¥ = Lio,00505) € {0,1})
oL € L CRP (p =1 o0r2)-sensitive attribute — skin color, e.g. L*, [TA, or (L*, h*), etc.
We denote a partition 2 = { P, }KX_, as a set of connected subsets %, C Z with the two following properties:
1. there is no overlap between elements of the partition: Vk, k, € {1,...,K}, g’kl N 9’,62 =
2. Protally covers &: Uk_ P, = Z.

We consider that the number of groups K is given, as a user-defined variable.
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Problem setting

For a partition & we define S ? to be a multinomial random variable associating the
observations of L to their group %,

S’ =k = LeP, wherek =1,....K.

We introduce and formalize a new task: find the partition & of the continuous sensitive
attribute L, such that its components g’k have the most different levels of discrimination
according to the fairness measured by ®:

arg max@\/ar<(b(Sg‘j) ),

where, e.9. ®(S?) = P(Y = 1|S?) - P = 1).

8o(X)

u® )
$ ;.3 L
.

§7=2 §7=3
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Problem setting

For a partition & we define S? to be a multinomial random variable associating the observations — fr=r===r=srrerrmerranrnaeee i
of L to their group & g
= e bermeeesemeeesenen
P =k < LeP, wherek =1,...,K. s o §7 =2
:";) ---------- .::-ls;:;:::----’-lt-. -------------
We introduce and formalize a new task: find the partition & of the continuous sensitive attributeg L. RS §Y =
L, such that its components g’k have the most different levels of discrimination according to the ¢ - >
fairness measured by ®: 86(X)

arg maxgj\/ar<CI>(ng) ),

where, $” =k = Le P, k=1,.,K,andeg ®S?) =PI =1|57)-P¥ =1).
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FairGroups: Fairness aware grouping algorithm

We consider partitions & as follows:
« In the one-dimensional case, we consider &, = [[,_,, [,] to be segments, with [,_; < [,.
« In the two-dimensional case, we consider %, to be rectangles, i.e. of the shape [/, '] X [h, h'].
| sP =1
|

’10| I I } ..l. [ | [ .I. [ | 1 “I. [ I IAM
M A2 A3

We solve the task of fairness-aware grouping: our method, FairGroups, performs an exhaustive search with optimal pre-
computation of the fairness metric ® using dynamic programming.
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Experiments: Synthetic data

Comparison of partitions of L based on ®(S7) = P(Y = 1|S7)-P(Y=1),K =5

0.4 " g 0.4
Q
0.2 2 0.2
l —
% W 0.0/
g o0 g 2
—0.2 — 8 —0.21 T
g 0.4
-0.4 o Y]
v 3 S
0 20 40 60 g0 100 O 0 20 40 , 60 80 100
L
Ground truth partition of L FairGroups partition of L
Data distribution for computing P L ~ U(0,100) L ~ N(50, 20) truncated on [0, 100]
. P Rand Index P Rand Index
Metric Var ((I) (S )) (with ground truth) Var ((p (S )) (with ground truth)
P: Ground Truth 0.068 1 0.032 1
‘P: FairGroups 0.068 0.99 0.032 0.97
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Remark: Skin color space

CIELAB (L*, a*, b*) color space. Euclidean distance between two colors is proportional to their difference as perceived by humans

(not verified in the RGB space!).

« L* €[0,100] perceptual lightness (black to white);
« a* € [—128,127] green to red colors;

« b* € [—128,127] blue to yellow colors. 4

Individual Typology Angle (ITA)
L* — 50) 180°
X
b*

I1TA = arctan(
T

L*

Hue angle (h*)

b* 180°
h* = arcmn(—*> X ——

a T
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Hue angle
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Experiments: CelebA and FFHQ

Comparison of partitions of I TA based on ®(S7) = P(Y = 1|S?) = P(Y =1),K =6
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@
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0.2 B = 0.2
0.0fmim = = = = LR X T oy S 0.0 i
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-0.4 E -0.4
-0.6 5 -0.6
5]
8T 35 0 25 %0 V5 8T S 35 0 25 w0
ITA ITA
Fitzpatrick (default) partition of / 7A FairGroups partition of 1 7A
Data for computing P CelebA FFHQ CelebA & FFHQ
Rand Index
P P P
Metric Var (‘I’ (S )) Var (<I> (S )) Var ((I) (S ) ) between both partitions,
on CelebA on FFHQ on FFHQ on FFHQ
P: Fitzpatrick 0.078 0.079 0.079 1
‘P: FairGroups 0.092 0.09 0.093 0.921
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Experiments: CelebA and FFHQ

Comparison of partitions of (L, &) in 2D based on ®(S7) = P(Y = 1|S7) - P(Y = 1),
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Confidence intervals for ®(S7)

Data for computing P CelebA FFHQ CelebA & FFHQ
Rand Index
P P P
Metric Var ((I) (S )) Var ((I) (S ) ) Var ((I> (S ) ) between both partitions,
on CelebA on FFHQ on FFHQ on FFHQ
P: Default 0.054 0.082 0.082 1
‘P: FairGroups 0.084 0.102 0.105 0.883

ARTZFACT

RESEARCH CENTER




17

Post-processing using FairGroups

Optimal transport-based post-processing: the minimum
classification error achievable under Statistical Parity (SP)
constraints corresponds to the solution of a Wasserstein
barycenter problem

1.0 — k=1
----- k=1
0.81 — k=2
————— k=2
206 k=3
s |\ /S AL/ | k=3
© —_— =
s304{ [ Sl := 3
— k=5
021 |/ T | k=5
— k=6
0.0 E=T T k=6
0.0 0.2 0.4 0.6 0.8 1.0
Cumulative distribution functions g of {()9,-|ITA,- (S Pk)}f"= 1
Accuracy | PR-AUC | HGR(Y, ITA)
No post-processing 0.793 0.824 0.126
P : Fitzpatrick 0.782 0.815 0.095
P : K-Means 0.783 0.813 0.065
P : FairGroups 0.781 0.811 0.039
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Conclusion

1. We proposed novel data-driven approaches to segment a continuous, possibly multidimensional
sensitive variable into groups being homogeneous w.r.t. the discrimination present in a dataset or a
model;

2. We showed that data-driven grouping reveals more discrimination patterns than predefined groups
and remains robust to population shifts.

3. We used the groups identified by our data-driven method to mitigate the bias of a predictive model
and obtained the best trade-off between model fairness and accuracy.

Code is available at https://github.com/artefactory/fair_groups/
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