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Fairness: A case study

Example: Sentiment analysis – classify words as positive or negative

Positive: admire, adorable, joy, lucky, talented, …

Negative: aggressive, distrust, nasty, radical, …

Deep Learning + Word Embeddings -> 95% test accuracy. 

Success    ?
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What is a sentiment of a name?

Common European-American names: 
Adam, Ryan, Paul, ... , Courtney, Meredith, Megan, ...

Common African-American names: 
Alonzo, Leroy, Tyree, ... , Shereen, Sharise, Tawanda, ...

Deployment Concerns

Names are from “Semantics derived automatically from language 
corpora contain human-like biases” (Caliskan et al., 2017)
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Ryan

Tyree

Fairness is Violated for Individuals
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Yurochkin et al., ICLR 2020

Individual Fairness
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95% 94%

Accuracy is Preserved

Yurochkin et al., ICLR 2020
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Roadmap
algorithmic
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Y � true label

A� protected attribute

Ŷ � prediction
<latexit sha1_base64="itu2npnnoeAZDPYazQi9nvAH+p0="></latexit>

Demographic Parity:

Equalized Odds:

Ŷ ?? A
<latexit sha1_base64="ee/vXrkmtOADAB1jbTT13eo0/Fk="></latexit>

Group Fairness

Algorithm performs similarly on groups of individuals

<latexit sha1_base64="TGx6ir89aYLCorlq/MNf8EMTEDk="></latexit>

Ŷ ?? A | Y
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Evaluating Group Fairness

Compare average outcome for men and women

Demographic Parity: Ŷ ?? A
<latexit sha1_base64="ee/vXrkmtOADAB1jbTT13eo0/Fk="></latexit>

<latexit sha1_base64="+xLJIpBjqHwJKMCGp4f8yAEhKGU="></latexit>

Test data: (x1, a1), . . . , (xN , aN );

model to audit h : X ! Y

Output DP =

���
P

i I(ai=male, h(xi)=1)P
i I(ai=male) �

P
i I(ai=female, h(xi)=1)P

i I(ai=female)

���
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Evaluating Group Fairness

Compare class accuracies for men and women
<latexit sha1_base64="ivX114+2i+77B1oKU2a2QUriNoM="></latexit>

Test data: (x1, y1, a1), . . . , (xN , yn, aN );

model to audit h : X ! Y

Measure EO0 =

���
P

i I(ai=male, yi=0, h(xi)=0)P
i I(ai=male, yi=0) �

P
i I(ai=female, yi=0, h(xi)=0)P

i I(ai=female, yi=0)

���

Measure EO1 =

���
P

i I(ai=male, yi=1, h(xi)=1)P
i I(ai=male, yi=1) �

P
i I(ai=female, yi=1, h(xi)=1)P

i I(ai=female, yi=1)

���

Output EO =
1
2 (EO0 + EO1)

Equalized Odds:
<latexit sha1_base64="TGx6ir89aYLCorlq/MNf8EMTEDk="></latexit>

Ŷ ?? A | Y
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What Group Fairness definition did we check?
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Individual Fairness
Algorithm treats similar individuals similarly

<latexit sha1_base64="YZbnTniKQUe8WaatmWb2kcxL+Mw="></latexit>

dY(h(x1), h(x2)) . dX (x1, x2) for all x1, x2 2 X
<latexit sha1_base64="c+YWuGciIhZ9ztCVzm4swus+sBM="></latexit>

• ML model is a map h : X ! Y

• dY measures similarity between outputs

• Fair metric dX measures similarity between inputs

Dwork et al., ITCS 2012
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Toxic comment detection in online discussions:

A sad day for American people everywhere Non-Toxic

A sad day for lesbian people everywhere ???Toxic???

Prediction Consistency

Evaluating Individual Fairness

Compare predictions on similar inputs

<latexit sha1_base64="D3k2cZlsfWbX8/tpH6SzSUHxST8="></latexit>

Output PC =

P
i I(h(xi[american])=h(xi[lesbian]))

N
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Questions?
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Is “blindness” a solution?
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Roadmap Practical fairness methods
• Identifying fairness violations
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Identifying Fairness violations
Group Fairness: measure DP (EO) on audit data

<latexit sha1_base64="+xLJIpBjqHwJKMCGp4f8yAEhKGU=">AAAF53icndPbbtMwGADgdKMwwmmDS24MK9KKStVMCNDQpB2689Z2W0/bXFWu47TWcpLjsE1ZJN6AO8QtD8HDIG7hPXDSzh4bmhBuI/398v923N/p+TYNeKn0PTM2fit7+87EXf3e/QcPH01OPW4GXsgwaWDP9li7hwJiU5c0OOU </latexit>

Test data: (x1, a1), . . . , (xN , aN );

model to audit h : X ! Y

Output DP =

���
P

i I(ai=male, h(xi)=1)P
i I(ai=male) �

P
i I(ai=female, h(xi)=1)P

i I(ai=female)

���

Four-Fifths Rule, US Equal Employment Opportunity Commission: 
“selection rate for any race, sex, or ethnic group [must be at least] 

four-fifths (4/5) (or eighty percent) of the rate for the group with the 
highest rate”
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Identifying Fairness violations

Individual Fairness: Prediction Consistency

Toxic comment detection in online discussions:

A sad day for American people everywhere Non-Toxic

A sad day for lesbian people everywhere ???Toxic???

<latexit sha1_base64="D3k2cZlsfWbX8/tpH6SzSUHxST8="></latexit>

Output PC =

P
i I(h(xi[american])=h(xi[lesbian]))

N
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• The investigators responded to job ads in Boston and 
Chicago newspapers with fictitious resumes.

• They randomly assigned African-American or white 
sounding names to the resumes.

• The investigators concluded there is discrimination against 
African-Americans: the resumes assigned white names 
received 50% more callbacks for interviews. 

2004 study of the racial bias in the US labor market

Bertrand & Mullainathan, AER 2004

Individual Fairness in Social Science
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Demonstration
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DIF(h) ,
(
supT :X!X EPX

⇥
dY(h(x), h(T (x)))

⇤

subject to EPX

⇥
dX (x, T (x))

⇤
 ✏.

)

<latexit sha1_base64="Xb6QaYWSfEcEq01rbgEKWN3rI6w="></latexit>

Distributional Individual Fairness (DIF)

• ML model is a map h : X ! Y

• Auditor T is a map that finds fairness violations

• dY measures similarity between outputs

• Fair metric dX measures similarity between inputs
<latexit sha1_base64="zOXrPcNBGpV455tZ8zgNCclnV94="></latexit>

Yurochkin & Sun, ICLR 2021

Find individual fairness violations algorithmically
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Auditing for IF violations

<latexit sha1_base64="iqth3dKvn+tyuyoXKvx3bfvAf9A="></latexit>

Hypothesis (h is individually fair)

H0 : loss ratio on similar individuals is at most �

<latexit sha1_base64="kAmnbTM6CMx2WA+uv++zm5WdC+M="></latexit>

Compute loss ratios R =
n

`(h(T (xi),yi)
`(h(xi),yi)

oN

i=1

Reject H0 with confidence (1 ! ! ) if Mean(R) ! z1! !!
N

Var(R) > "

<latexit sha1_base64="vAZeu7F++pYv63T4FyiQcRHlRcM="></latexit>

Test data: (x1, y1), . . . , (xN , yN );
DIF map T(x) for the model h that we are auditing;
some loss function! : Y ! Y " R+

Maity et al., ICLR 2021
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Demonstration
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Learning fair metrics from data

Pairs of comparable and 
incomparable samples

Samples with 
protected attributes

Groups of 
comparable samples

dX (x1, x2) = ( x1 ! x2)! ! (x1 ! x2)
<latexit sha1_base64="GK4hLv6PNgF1FX8rgJ/aBdgrdpQ="></latexit>

Mukherjee et al., ICML 2020
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Samples with protected attributes:
gender/race information in the Adult dataset

Learning fair metrics from data

�: �R�P�H�Q

�0�H�Q
<latexit sha1_base64="LHov+NMYuJTiWJcSvCynt+cfzQA=">AAAFZHicfdN9TxMxGADwGzDFiQoS/zIxVTCowWUjRo0JCe8wGDBe9gJ0Gb3u2a3hrnfpdbzk0sQP6BfwC/g57G2jVTD2tuzZr+1z7T1XN/JZLAuFn5mR0bHsg4fjj3KPJ548fTY59bwWhz1BoUpDPxQNl8TgMw5VyaQPjUgACVwf6u7FatpfvwQRs5Afy5sImgHxOOswSqSm1uQPzEPG28BlrgxEcHR+HgOPmWSXMDeH2kwATUfG6IrJLiqHnl4To+gQPAFxmnYe4xzLQx7N1hZxctlKsIRrmXigswql5pEhQSgohdVsXk/Rn5LHQwFIdiFAjKe/qEOYQAFIweg3NJvg/gYTAW2V4CPmBUQptIhK6COq3GaNI8LVu9p7nbY1OVPIF/oN3Q+Kw2DGGbZKa2r0O26HtBfo/VOfxPF ZsRDJZkKE3qMPKod7MUSEXhAPznTISQBxM+mvSqG3WtqoEwr95RL19c8ZCQni+CZw9ciAyG58ty/Ff/Wd9WTnazNhPOpJ4HRwo07PRzJEaQ2HVfFvdECoYGk9aJfoxyt1pXN4DfReBOzqvPsRCCJD8SHBROjHd6303jw8n0b/G8j47UAd5XAbOriS4HSlrosqWjhc0TAICG8nOH1/Il0gnSJC+HV6of4flRtMpcuDuZT4ybIa5qMrFlcMrlpcNbhmcc3gusV1gxsWNwxuWtw0uGVxy2DJYsngtsVtgzsWdwyWLZYN7lrcNbhncc/gvsV9gxWLFYMHFg8MHlo8NHhk8cjgscVjg1WLVYM1izWDdYt1gw2LDYMnFk8Mnlo8VUqf2eLdE3o/qC3ki5/znw4WZpZWhqd33HnpvHHeOUXni7PkbDkVp+rQzEKmkSEZd+xXdiI7nX0xGDqSGc6Zdv5q2Ve/AbFL3Dw=</latexit>

Learn ÒsensitiveÓ directions with Logistic Regression,
i.e. V = { vgender , vrace } .

Ignore them in the fair metric: ! = I ! Pspan( V ) .

dX (x1, x2) = ( x1 ! x2)! ! (x1 ! x2)
<latexit sha1_base64="GK4hLv6PNgF1FX8rgJ/aBdgrdpQ=">AAAE3XicfdNJbxMxFABgtw1QwtIWjlwMFVKL2ihThOCC1CVt0z1tmqWtw8jjcVKrs8njQKPRSFy4Ia78BsRv4cCR5W9wx5MEv9IiPBrp+fN7tscjO5EnYlUsfhsZHctdu35j/Gb+1u07dycmp+7V47ArGa+x0Atl06Ex90TAa0oojzcjyanveLzhnK1k443XXMYiDA5VL+Itn3YC0RaMKk325GretQlrzpzb1hw+txdm8UucdfB8v/eKqDDCCekvlEjupgmpio5P0/Rimj05XSwU+w1fDaxhML04++vLfOnnp4o9NfaWuCHr+jxQzKNxfGIVI9VKqF SCeTzNk27MI8rOaIef6DCgPo9bSX8bKX6sxcXtUOo3ULivFysS6sdxz3d0pk/VaXx5LMN/jZ10VftFKxFB1FU8YIOF2l0PqxBnh4ddITlTXk8HlEmh94rZKZWUKX3EeVLi+lsk39Hz7kVcUhXKJwmhUp/Xeaq/rUPmsuh/iSL4k6ijPHF5m1QSku3UcXBFS8DfsND3aeAmRAQuj/Qf0VNEmDzMHtzvpPlBKVsa1DLqJUvpcD62DLhscAVwxWAJsGRwFXDV4BrgmsF1wHWDZcCywQ3ADYObgJsGtwC3DG4DbhvcAdwxuAu4a3APcM9gBbBicB9w3+AB4IHBKmDV4CHgocEaYM1gHbBusAHYMNgEbBo8AjwyeAx4nKb6zlqXb+jVoL5QsJ4Wnu1b04vLaNDG0QP0CM0gCz1Hi6iMKqiGGPqMvqLv6EfOzr3Lvc99GKSOjgxr7qO/Wu7jb5PNrs8=</latexit>

Yurochkin et al., ICLR 2020
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Group of comparable samples:
word embeddings of popular baby names

dX (x1, x2) = ( x1 ! x2)! ! (x1 ! x2)
<latexit sha1_base64="GK4hLv6PNgF1FX8rgJ/aBdgrdpQ="></latexit>

Find directions of major variation with PCA, i.e. V = { v1, . . . , vK } .

Ignore them in the fair metric: ! = I ! Pspan( V ) .
<latexit sha1_base64="bxLq+9iD7F8+lNuIw2T5annFcuE="></latexit>

Learning fair metrics from data

Mukherjee et al., ICML 2020
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Questions?
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Roadmap Practical fairness methods

• Training fair models
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A variant of adversarial training: Train model accurate on 
the available data and data similar in the fair metric 

! Observe data

! Audit model with DIF: Find similar data where 

algorithm performs differently

! Update model parameters to minimize 

prediction error and DIF

! Repeat

Training Individually Fair models

Yurochkin & Sun, ICLR 2021
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minh! H L (h) + ! DIF( h)

L (h) ! E
!
"(y, h(x))

"
<latexit sha1_base64="bumwxTTNPQJwlRhVBiTpZo7YD/0="></latexit>

¥ H : model class (e.g. neural nets with a certain architecture)

¥ ! : Y ! Y " R+ is a loss function

¥ " : regularization parameter
<latexit sha1_base64="Y7c9wFk7aWaovbIHK0dohFh8zQ4="></latexit>

Sensitive Set Invariance (SenSeI)

Yurochkin & Sun, ICLR 2021
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Adversarial training: Train model accurate on the available
data and visually similar data. Different “fair” metric.

Relation to Adversarial Robustness

Image is from “A Brief Introduction to Adversarial Examples” (Mądry & Schmidt, 2018)
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Demonstration
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Training Group Fair models

Optimization with (data-dependent) constraints: Train model 
accurate on the available data subject to group fairness constraints

<latexit sha1_base64="7+NSb+wpoOUG1MJYZMEbU5nZNDQ="></latexit>

minh! H L (h)

subject to DP < ! , where

DP =

!
!
!
!

"
i I (ai = male, h(xi ) = 1)

"
i I (ai = male)

!
"

i I (ai = female, h(xi ) = 1)
"

i I (ai = female)

!
!
!
!
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Demonstration
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Toxic Comment Detection
Individual Fairness (prediction consistency):

A sad day for American people everywhere Non-Toxic

A sad day for lesbian people everywhere ???Toxic???

Group Fairness (equalized odds):

Compare performance on sentences containing any of the 

group-words “lesbian, gay, bisexual, …” to the overall performance.



42

Demonstration
fairbert.vizhub.ai

https://fairbert.vizhub.ai/
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What is Your type of Fairness?

Group Fairness:

! Carefully choose GF notion 
appropriate for the application

! Several open-source solutions 
(AIF360, Fairlearn, TFCO)

! Check individual fairness!

Individual Fairness:

! Carefully choose data for 
learning the fair metric

! inFairness was open-
sourced this summer

! Check group fairness!
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Pre-processing to Train Fair Models
1. Modify data (features, sample weights, labels)
2. Train a regular model

�: �R�P�H�Q

�0�H�Q

Bolukbasi et al., NeurIPS 2016; Yurochkin et al., ICLR 2020

�: �R�P�H�Q

�0�H�Q
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Questions?
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Roadmap Practical fairness methods

• Post-processing for fairness
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Post-processing for Individual Fairness

Petersen et al., NeurIPS 2021

Measuring IF on a graph:
<latexit sha1_base64="LyYWpJWo6GwtLYJYTEVSY1sJKg8="></latexit>!

i,j Wij (f i ! f j )2 = 2 f ! L f
<latexit sha1_base64="LyYWpJWo6GwtLYJYTEVSY1sJKg8="></latexit>!

i,j Wij (f i ! f j )2 = 2 f ! L f

arg min
f

! f " öy ! 2
2 + ! f ! L f

<latexit sha1_base64="m9FRUdYup4RNXX1LE41voDoACDo="></latexit>

Original predictions

Post-processed fair predictions

Graph Laplacian

f = ( I + ! L)! 1 öy
<latexit sha1_base64="MvaY0gZEYv6lS4ROpZBumHNiL9g="></latexit>

Closed-form solution!

Stay close to 
original predictions

Penalize individual 
fairness violations
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Demonstration
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Post-processing for Group Fairness

Optimized Score Transformation for
Consistent Fair Classification

Wei et al., 2021

FairScoreTransformer (FST): Available in AIF360
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Algorithmic Fairness pipeline

Fair metric for IF/ Constraints for GF 

Auditing trained ML model for fairness violations

Post-processing trained model to improve fairness

Training Fair models

Choose IF fair metric / GF notion

Audit trained ML model for fairness violations

Post-process trained model to improve fairness

Train Fair model
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Questions?
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