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Amazon scraps secret AI recruiting tool thatshowed bias against women
Jeffrey Dastin

8  M I N  R E A D

SAN FRANCISCO (Reuters) - Amazon.com Inc’s (AMZN.O) machine-learning
specialists uncovered a big problem: their new recruiting engine did not like women.

The team had been building computer programs since 2014 to review job applicants’

resumes with the aim of mechanizing the search for top talent, five people familiar with

the effort told Reuters.

Automation has been key to Amazon’s e-commerce dominance, be it inside warehouses

or driving pricing decisions. The company’s experimental hiring tool used artificial

intelligence to give job candidates scores ranging from one to five stars - much like

shoppers rate products on Amazon, some of the people said.
“Everyone wanted this holy grail,” one of the people said. “They literally wanted it to be

an engine where I’m going to give you 100 resumes, it will spit out the top five, and

we’ll hire those.”
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Part of  The Real-World AI Issue

ikhail Arroyo had made it out of the coma, but he was still frail

when his mother, Carmen, tried to move him in with her. The

months had been taxing: Mikhail was severely injured in a

devastating fall in 2015. He had spent time in the hospital, and by 2016

was in a nursing home where his mother visited him daily, waiting untilM
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Can AI Be a Fair Judge in Court?
Estonia Thinks So
Estonia plans to use an artificial intelligence program to decide some

small-claims cases, part of a push to make government services

smarter.
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An applicant being interviewed on their phone

By  Charles Hymas 

27 SEPTEMBER 2019 • 10:00 PM

rtificial intelligence (AI) and facial expression technology is being used

for the first time in job interviews in the UK to identify the best

candidates.

Unilever, the consumer goods giant, is among companies using AI

technology to analyse the language, tone and facial expressions of candidates

when they are asked a set of identical job questions which they film on their

mobile phone or laptop.
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Machine Bias: Investigating the algorithms

ON A SPRING AFTERNOON IN 2014, Brisha Borden was running late to pick up her god-

sister from school when she spotted an unlocked kid’s blue Hu!y bicycle and a silver

Razor scooter. Borden and a friend grabbed the bike and scooter and tried to ride them

down the street in the Fort Lauderdale suburb of Coral Springs.

Just as the 18-year-old girls were realizing they were too big for the tiny conveyances —

which belonged to a 6-year-old boy — a woman came running after them saying, “That’s

my kid’s stu!.” Borden and her friend immediately dropped the bike and scooter and

walked away.

But it was too late — a neighbor who witnessed the heist had already called the police.

Borden and her friend were arrested and charged with burglary and petty theft for the

items, which were valued at a total of $80.

Compare their crime with a similar one:

The previous summer, 41-year-old Vernon

Machine Bias

There’s software used across the country to predict future criminals. And it’s biased

against blacks.

by Julia Angwin, Je! Larson, Surya Mattu and Lauren Kirchner, ProPublica

May 23, 2016

ProPublica
DonateShare on Facebook

 Share on Twitter Comment
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Feed-Forward Neural Networks 
with ReLU Activations

Classification Outcome 
argmax

j
xi,j

Input OutputHidden 
Layers

xi,j = max(∑
k

wk ⋅ xi−1,k + bi,j,0)
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Dependency Fairness

The classification outcome is 
Independent on the 
Sensitive Features 
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Recruiting Process

Fair Unfair



Z Denis Mazzucato and Caterina Urban SAS 2021

FAIR

BIASED

Neural Network

Specification

Libra



Z Denis Mazzucato and Caterina Urban SAS 2021

FAIR

BIASED

Neural Network

Specification

CFG 
GENERATOR

FRONT-END

ONE-HOT 
HANDLER



Z Denis Mazzucato and Caterina Urban SAS 2021

FAIR

BIASED

Neural Network

Specification

CFG 
GENERATOR

FRONT-END

ONE-HOT 
HANDLER

Configuration

ANALYSIS ENGINE

FORWARD ITERATOR BACKWARD ITERATOR



Z Denis Mazzucato and Caterina Urban SAS 2021

Cheap Forward Pre-Analysis

Exact Backward Analysis 
using Polyhedra

x2

x1

Input Space


x2

x1

x2

x1x2

x1

Partitions
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x2

x1

Input Space

Propagate the partition through the 
network via abstract domains

  z1 > z2

‣ Fair

Cheap Forward Pre-Analysis
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x2

x1

Input Space

Always Negative max(x,0) = 0

Always Positive max(x,0) = xActivation Patterns

Uncertain  for x ∈ [a, b] a < 0 < b

Fixed 
Activation 
Status

• Fair

• Or, …

Cheap Forward Pre-Analysis
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x2

x1

Input Space

x2

x1

x2

x1

Along non-sensitive

features only≥ U∑

x2

x1

• Fair

‣Partitioned

Cheap Forward Pre-Analysis
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x2

x1

Partition

≤ U∑

• Fair

• Partitioned 
‣Feasible

Cheap Forward Pre-Analysis
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x2

x1

Partition

       , and the partition becomes smaller than ∑ ≥ U L

• Fair

• Partitioned 
• Feasible 
‣Excluded

Cheap Forward Pre-Analysis
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x2

x1

Partition

Budget constraints  can be

Automatically Configured to 

(L, U)
(Lmin, Umax)  up-to U Umax

 down-to L Lmin

• Fair

• Partitioned 
• Feasible 
• Excluded

Cheap Forward Pre-Analysis
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Proceed Backwards 
for each Feasible partitions

for each possible Outcome

Empty

Intersection

Otherwise

  z2 > z1

  z1 > z2

Exact Backward Analysis 
using Polyhedra

x2

x1

x2

x1x2

x1

Feasible Partitions



Z Denis Mazzucato and Caterina Urban SAS 2021

FAIR

BIASED

Neural Network

Specification

CFG 
GENERATOR

FRONT-END

ONE-HOT 
HANDLER

Configuration

ANALYSIS ENGINE

FORWARD ITERATOR BACKWARD ITERATOR

PRODUCT 
BUILDER

ABSTRACT DOMAINS

B
O

X
ES

S
YM

B
O

LI
C

D
EE

PP
O

LY

N
EU

R
IF

Y



Z Denis Mazzucato and Caterina Urban SAS 202123

xi,j

Symbolic 


[l, u]

∑
k

mk ⋅ xk + q

DeepPoly 


[l, u]

[eqlow, equp]
Neurify 


[llow, lup, ulow, uup]

[eqlow, equp]

ReLU(x)

x

u

ul ReLU(x) ≥ 0

ReLU(x) ≤ u

ReLU(x)

x

ReLU(x) ≤
u(x − l)

u − l

u

ul ReLU(x) ≥ 0

ReL
U(x)

≥
x ReLU(x)

x

ReLU(x) ≤
u(x − l)

u − l

u

ul ReLU(x) ≥ 0

ReLU(x)

x

ReLU(x) ≤
u(x − l)

u − l

u

ul

ReL
U(x)

≥
x

ReLU(x)

x

ReLU(x) ≤
u(x − l)

u − l

u

ul

ReLU(x) ≥
u ⋅ x

u − l

Li et al. @ SAS 2019 Singh et al. @ POPL 2019

Wang et al. @ NeurIPS 2018
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Precision-vs-Scalability

L U Symbolic DeepPoly Neurify

0.5

3 48.78% 49.01% 46.49%

5 56.11% 56.15% 53.06%

0.25

3 83.63% 81.82% 81.40%

5 91.67%% 91.58% 92.33%

• 4 Hidden Layers

• 5 Neuron per Layer

• 23 inputs 

• 2 Output classes

∈ [0,1]
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Reduced 
Product

Symbolic DeepPoly

Neurify

[l, u
]

[l, u]

[llow , uup]

[l, u]
[l, u]

[l low, u up]
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Precision-vs-Scalability

L U Symbolic DeepPoly Neurify Product

0.5

3 48.78% 49.01% 46.49% 59.20% +10.3%

5 56.11% 56.15% 53.06% 68.23% +11.9%

0.25

3 83.63% 81.82% 81.40% 87.04% +3.4%

5 91.67%% 91.58% 92.33% 95.48% +3.2%
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Effect of Neural Network Structure

Size Symbolic DeepPoly Neurify Product

10 98.72% 98.37% 98.51% 99.44% +0.7%

12 76.70% 66.39% 64.58% 77.29% +0.6%

20 56.11% 56.10% 53.06% 68.23% +12.1%

40 34.72% 38.69% 41.22% 51.18% +10%

45 43.78% 51.21% 50.59% 55.53% +4.3%
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Leveraging Multiple CPUs
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Check it out on GitHub!

https://github.com/caterinaurban/libra

Ready-to-go Docker image* at

https://doi.org/10.5281/zenodo.4737450
* no installation needed!

https://github.com/caterinaurban/libra
https://doi.org/10.5281/zenodo.4737450

