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(un)Fairness  in 
algorithmic decision-making



Machine learning to inform consequential decisions
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“Why I did I get this outcome;  what should I do 
to get a more favourable outcome next time?“

“Is the system fulfilling existing
discrimination laws?“ 

“Which features about applicants
should I collect to maximize profit? “

How do we make sure that they are aligned with human goals & values?

Automated data analysis supplements
and even replaces human supervision in 

consequential decision-making



Machine Learning can be unfair to many
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WHAT is (un)Fairness in ML?

[...] wrongfully impose a relative disadvantage on persons based on
their membership in some salient social group,

e.g., race or gender. [Altam‘16]

Discrimination

In ML, each individual as 
a set of features

Non-sensitive
features

Sensitive 
feature
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HOW is (un)Fairness in ML?

Bob

Alice

Applicant 1

Applicant 2

Income Credit
card

Repaid?Previous 
loans

1.5k

2.7k

Non-sensitive features OutcomesSensitive features 
Historical data:

New applicant:

AliceNew 
Applicant

2.2k
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HOW is (un)Fairness in ML?

Bob

Alice

Applicant 1

Applicant 2

Income Credit
card

Repaid?Previous 
loans

1.5k

2.7k

Non-sensitive features OutcomesSensitive features 
Historical data:

New applicant:

AliceNew 
Applicant

2.2k

Prediction!
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WHY (un)Fairness in ML?

Features may be less informative or

reliably collected for minority group(s)

Each person as a set of 
features

Non-sensitive
features

Sensitive 
feature

Less data from minority 

groups lead to higher errors

Historical data contains 
human biases and stereotypes

Decisions lead to skewed data leading to poor predictions 

AI prone to finding proxies for 

sensitive information



Advances on Fair ML
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Challenge #2: Mechanisms
How to incorporate fairness into algorithmic decision making?

§ Understand (un)fairness in AI
§ Mechanisms to ensure fairness
§ Trade-off fairness and accuracy

Challenge #1: From definitions to measures
How to measure fairness?

§ Formalizing or interpreting a fuzzy definition to make it measurable 
for empirical observations

§ Trade-off different measurements of fairness 

Fairness in ML
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Independence: Require the prediction and the 
sensitive features to be independent:

Separation: Require the prediction and the sensitive features 
to be independent conditional on the target:

Sufficiency: Require the target and the sensitive features to be 
independent conditional on the prediction:

Y ? Z|Ŷ
<latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit>

Y ? Z|Ŷ
<latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit>

Sensitive feature

Target (label)

Prediction

[https://fairmlbook.org]

Ŷ ? Z
<latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit>

Ŷ ? Z|Y
<latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit>

Y ? Z|Ŷ
<latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit><latexit sha1_base64="eH6HlILQE6lwFFg8kleX/9ktcJo=">AAACAHicbZC7TsMwFIadcivhFmBgYLGokJiqBCHRsRILY5HoBZqoclynteo4lu0gVSELr8LCAEKsPAYbb4PTZoCWX7L06T/n6Pj8oWBUadf9tiorq2vrG9VNe2t7Z3fP2T/oqCSVmLRxwhLZC5EijHLS1lQz0hOSoDhkpBtOrop694FIRRN+q6eCBDEacRpRjLSxBs7RHfQFkQLew0foj5HO7nJo2/bAqbl1dya4DF4JNVCqNXC+/GGC05hwjRlSqu+5QgcZkppiRnLbTxURCE/QiPQNchQTFWSzA3J4apwhjBJpHtdw5v6eyFCs1DQOTWeM9Fgt1grzv1o/1VEjyCgXqSYczxdFKYM6gUUacEglwZpNDSAsqfkrxGMkEdYmsyIEb/HkZeic1z3DNxe1ZqOMowqOwQk4Ax64BE1wDVqgDTDIwTN4BW/Wk/VivVsf89aKVc4cgj+yPn8AonmUcQ==</latexit>

Y ? S|Ŷ
<latexit sha1_base64="PksOlrAvW++hM4sWvZk936IGS88=">AAAB/nicbVC7SgNBFL0bXzG+VsVKi8EgWIVdGy0sAjaWEU2iZJcwO5lNhszODjOzQlgD/oHfYGOhiK3fYeffOHkUmnjgwuGce7n3nkhypo3nfTuFhcWl5ZXiamltfWNzy93eaeg0U4TWScpTdRthTTkTtG6Y4fRWKoqTiNNm1L8Y+c17qjRLxY0ZSBomuCtYzAg2Vmq7e/ndEAWSKomu0QMKethYpe2WvYo3Bpon/pSUqwdPAQKAWtv9CjopyRIqDOFY65bvSRPmWBlGOB2WgkxTiUkfd2nLUoETqsN8fP4QHVmlg+JU2RIGjdXfEzlOtB4kke1MsOnpWW8k/ue1MhOfhTkTMjNUkMmiOOPIpGiUBeowRYnhA0swUczeikgPK0yMTaxkQ/BnX54njZOK71X8K5vGOUxQhH04hGPw4RSqcAk1qAOBHJ7hFd6cR+fFeXc+Jq0FZzqzC3/gfP4ARA2Wdw==</latexit><latexit sha1_base64="b1trIHQyk0UgHB0q1VAqGfkIoHE=">AAAB/nicbVC7SgNBFJ31GeNrVay0GAxCqrBro4VFwMYyonlIdgmzk7vJkNnZZWZWCGvAP8g32FgoYmvtJ9j5IfZOHoUmHrhwOOde7r0nSDhT2nG+rIXFpeWV1dxafn1jc2vb3tmtqTiVFKo05rFsBEQBZwKqmmkOjUQCiQIO9aB3MfLrdyAVi8WN7ifgR6QjWMgo0UZq2fvZ7QB7CcgEX+N77HWJNkrLLjglZww8T9wpKZQPh17x+2NYadmfXjumaQRCU06UarpOov2MSM0oh0HeSxUkhPZIB5qGChKB8rPx+QN8bJQ2DmNpSmg8Vn9PZCRSqh8FpjMiuqtmvZH4n9dMdXjmZ0wkqQZBJ4vClGMd41EWuM0kUM37hhAqmbkV0y6RhGqTWN6E4M6+PE9qJyXXKblXJo1zNEEOHaAjVEQuOkVldIkqqIooytAjekYv1oP1ZL1ab5PWBWs6s4f+wHr/AVjkmMU=</latexit><latexit sha1_base64="b1trIHQyk0UgHB0q1VAqGfkIoHE=">AAAB/nicbVC7SgNBFJ31GeNrVay0GAxCqrBro4VFwMYyonlIdgmzk7vJkNnZZWZWCGvAP8g32FgoYmvtJ9j5IfZOHoUmHrhwOOde7r0nSDhT2nG+rIXFpeWV1dxafn1jc2vb3tmtqTiVFKo05rFsBEQBZwKqmmkOjUQCiQIO9aB3MfLrdyAVi8WN7ifgR6QjWMgo0UZq2fvZ7QB7CcgEX+N77HWJNkrLLjglZww8T9wpKZQPh17x+2NYadmfXjumaQRCU06UarpOov2MSM0oh0HeSxUkhPZIB5qGChKB8rPx+QN8bJQ2DmNpSmg8Vn9PZCRSqh8FpjMiuqtmvZH4n9dMdXjmZ0wkqQZBJ4vClGMd41EWuM0kUM37hhAqmbkV0y6RhGqTWN6E4M6+PE9qJyXXKblXJo1zNEEOHaAjVEQuOkVldIkqqIooytAjekYv1oP1ZL1ab5PWBWs6s4f+wHr/AVjkmMU=</latexit><latexit sha1_base64="YuJ5vtSkIyfIQgsCZUL955LNWCg=">AAAB/nicbVA9SwNBEJ2LXzF+nYqVzWIQrMKdjRYWARvLiCZRckfY2+wlS/b2lt09IZwB/4qNhSK2/g47/42b5ApNfDDweG+GmXmR5Ewbz/t2SkvLK6tr5fXKxubW9o67u9fSaaYIbZKUp+ouwppyJmjTMMPpnVQUJxGn7Wh4OfHbD1RplopbM5I0THBfsJgRbKzUdQ/y+zEKJFUS3aBHFAywsUrXrXo1bwq0SPyCVKFAo+t+Bb2UZAkVhnCsdcf3pAlzrAwjnI4rQaapxGSI+7RjqcAJ1WE+PX+Mjq3SQ3GqbAmDpurviRwnWo+SyHYm2Az0vDcR//M6mYnPw5wJmRkqyGxRnHFkUjTJAvWYosTwkSWYKGZvRWSAFSbGJlaxIfjzLy+S1mnN92r+tVetXxRxlOEQjuAEfDiDOlxBA5pAIIdneIU358l5cd6dj1lrySlm9uEPnM8fXrmVEA==</latexit>

Ŷ ? Z|Y
<latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit>

Fairness in ML - Definitions



3. Modify training
[Goh et al., 2016; Zafar et al., 2017a&b; 
Woodworth et al., 2017; Cho et al., 2020]

1. Pre-processing
[Zemel et al., 2013; Feldman et al. 2015; Louizos et al. 2016; Adler et al. 

2016, Calmon et al. 2017; Barrio et al. 2018; Oneto et al. 2020]

2. Post-processing
[Kamiran and Calders, 2010; Hardt 

et al., 2016; Adel et al., 2019]
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Fairness in ML - Mechanisms



Limitations & Open Questions
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No universal definition

Historical decisions 
(potentially biased)

Parity (equality) in impact 

Different real-world scenarios...

… require different definitions of fairness…

… translates into into different measurements.
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Ŷ ? Z
<latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit><latexit sha1_base64="YUNzauJDjI9jDmoIey8lWMHdFsk=">AAAB+3icbZDLSsNAFIYnXmu8xbp0M1gEVyURwS4LblxWsBdtQplMJ+3QySTMnIgl9FXcuFDErS/izrdx0mahrT8MfPznHM6ZP0wF1+C639ba+sbm1nZlx97d2z84dI6qHZ1kirI2TUSieiHRTHDJ2sBBsF6qGIlDwbrh5Lqodx+Z0jyRdzBNWRCTkeQRpwSMNXCq/phAfj/DfspUih9s2x44NbfuzoVXwSuhhkq1Bs6XP0xoFjMJVBCt+56bQpATBZwKNrP9TLOU0AkZsb5BSWKmg3x++wyfGWeIo0SZJwHP3d8TOYm1nsah6YwJjPVyrTD/q/UziBpBzmWaAZN0sSjKBIYEF0HgIVeMgpgaIFRxcyumY6IIBRNXEYK3/OVV6FzUPcO3l7Vmo4yjgk7QKTpHHrpCTXSDWqiNKHpCz+gVvVkz68V6tz4WrWtWOXOM/sj6/AH6TJMK</latexit>



Ground Truth

Parity (equality) in mistreatment or Equal Opportunity

Different real-world scenarios...

… require different definitions of fairness…

… translates into into different measurements.
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No universal definition

Ŷ ? Z|Y
<latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit><latexit sha1_base64="jwrnswAt/OzGBzoNbyvYTAQZjd0=">AAAB/3icbZDLSsNAFIYn9VbjLSq4cTNYBFclEcEuC25cVrA3m1Am00k7dDIZZiZCSbvwVdy4UMStr+HOt3HSZqGtPwx8/Occzpk/FIwq7brfVmltfWNzq7xt7+zu7R84h0ctlaQSkyZOWCI7IVKEUU6ammpGOkISFIeMtMPxTV5vPxKpaMLv9USQIEZDTiOKkTZW3znxR0hn3Rn0BZECPsAp7Nq23XcqbtWdC66CV0AFFGr0nS9/kOA0JlxjhpTqea7QQYakppiRme2nigiEx2hIegY5iokKsvn9M3hunAGMEmke13Du/p7IUKzUJA5NZ4z0SC3XcvO/Wi/VUS3IKBepJhwvFkUpgzqBeRhwQCXBmk0MICypuRXiEZIIaxNZHoK3/OVVaF1WPcN3V5V6rYijDE7BGbgAHrgGdXALGqAJMJiCZ/AK3qwn68V6tz4WrSWrmDkGf2R9/gBOAJRH</latexit>
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Wrong assumptions may amplify unfairness

[Lakkaraju et al., 2017]

“selective labels” 

Data distribution True distribution

6=

<latexit sha1_base64="LezOmpHbjHPXp6/65Zf6kmogoQA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPRi8cKpi20oWy2k3bpZhN3N0IJ/Q1ePCji1R/kzX/jps1BWx8MPN6bYWZekHCmtON8W6W19Y3NrfJ2ZWd3b/+genjUVnEqKXo05rHsBkQhZwI9zTTHbiKRRAHHTjC5zf3OE0rFYvGgpwn6ERkJFjJKtJG8vsDHyqBac+rOHPYqcQtSgwKtQfWrP4xpGqHQlBOleq6TaD8jUjPKcVbppwoTQidkhD1DBYlQ+dn82Jl9ZpShHcbSlND2XP09kZFIqWkUmM6I6LFa9nLxP6+X6vDaz5hIUo2CLhaFKbd1bOef20MmkWo+NYRQycytNh0TSag2+eQhuMsvr5L2Rd1t1C/vG7XmTRFHGU7gFM7BhStowh20wAMKDJ7hFd4sYb1Y79bHorVkFTPH8AfW5w9QV45e</latexit>

Wrong technical assumptions lead to “suboptimal predictive models that amplify unfairness 
beyond the levels exhibited by the (unfair) optimal policy” [Kilbertus et al., 2020]



Essential to have a holistic view of the algorithm: 

“Not because something is technically possible, 
it is the right thing to do.” 

When and how to use algorithms? 
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Essential to have a holistic view of the algorithm: 

“Not because something is technically possible, 
it is the right thing to do.” 

When and how to use algorithms? 
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§ How to perform a fair data collection process?
How to justify randomized decisions from a societal 
point of view?
How do we account the effect of our decisions? 
§ How are decisions made in practice?

OR/AND?

§ Fairness beyond discrimination



Thanks!

Questions?

https://ivaleram.github.io/

ivalera@cs.uni-saarland.de

https://ivaleram.github.io/

