
International Conference on Artificial Intelligence and Statistics 2024

Correspondence to
tim.rudner@nyu.edu

Paper:
timrudner.com/gap

TIM G. J. RUDNER 
@timrudner

JULIA KEMPE 
@KempeLab

YA SHI ZHANG 
@andrew_yashi

ANDREW GORDON WILSON 
@andrewgwils

MIND THE GAP: IMPROVING ROBUSTNESS TO 
SUBPOPULATION SHIFTS WITH GROUP-AWARE PRIORS

mailto:tim.rudner@nyu.edu
https://timrudner.com/fseb


Dhruv Khullar. A.I. Could Worsen Health Disparities, The New York Times, 2019.

AI can exacerbate existing disparities



We want models that are robust across groups.
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How can we train models that exhibit 
high group robustness?



<latexit sha1_base64="zIDDOn4rulQiveIEVW1mWf8etvc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJexKUMFL0IvHCOYByRJmJ7PJkNmHM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9ba2srq1vbOa28ts7u3v7hYPDho4SxXidRTJSLY9qLkXI6yhQ8lasOA08yZve8HbqN0dcaRGFDziOuRvQfih8wSgayfVLT+SadHDAkZ51C0W7bM9AlomTkSJkqHULX51exJKAh8gk1brt2DG6KVUomOSTfCfRPKZsSPu8bWhIA67ddHb0hJwapUf8SJkKkczU3xMpDbQeB57pDCgO9KI3Ff/z2gn6V24qwjhBHrL5Ij+RBCMyTYD0hOIM5dgQypQwtxI2oIoyNDnlTQjO4svLpHFedi7KlftKsXqTxZGDYziBEjhwCVW4gxrUgcEjPMMrvFkj68V6tz7mrStWNnMEf2B9/gBA75Eh</latexit>

f(x; ✓)

Probabilistic neural network

<latexit sha1_base64="zIDDOn4rulQiveIEVW1mWf8etvc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJexKUMFL0IvHCOYByRJmJ7PJkNmHM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7vFgKjbb9ba2srq1vbOa28ts7u3v7hYPDho4SxXidRTJSLY9qLkXI6yhQ8lasOA08yZve8HbqN0dcaRGFDziOuRvQfih8wSgayfVLT+SadHDAkZ51C0W7bM9AlomTkSJkqHULX51exJKAh8gk1brt2DG6KVUomOSTfCfRPKZsSPu8bWhIA67ddHb0hJwapUf8SJkKkczU3xMpDbQeB57pDCgO9KI3Ff/z2gn6V24qwjhBHrL5Ij+RBCMyTYD0hOIM5dgQypQwtxI2oIoyNDnlTQjO4svLpHFedi7KlftKsXqTxZGDYziBEjhwCVW4gxrUgcEjPMMrvFkj68V6tz7mrStWNnMEf2B9/gBA75Eh</latexit>

f(x; ✓)

Find a prior distribution over neural network parameters 
that places high probability density on parameter values 

that induce group robust classifiers.

A probabilistic approach
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models that are not group-robust models that are group-robust

Group-aware priors (GAPs)

Goal: High accuracy across groups.

<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



How can we construct 
data-driven group-aware priors?



Group-aware priors (GAPs)
Data-driven prior:

<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)

Data-driven group-aware prior distribution
<latexit sha1_base64="h5z8EmkxB5PYvGi+qoSMldFLdH8="></latexit>

p̂(✓ | ẑ; f, pX̂,Ŷ ) =
p̂(ẑ | ✓; f, pX̂,Ŷ ) p(✓)

p̂(ẑ; f, pX̂,Ŷ )

Data-driven prior:
<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)

group-aware prior

Data-driven group-aware prior distribution
<latexit sha1_base64="h5z8EmkxB5PYvGi+qoSMldFLdH8="></latexit>

p̂(✓ | ẑ; f, pX̂,Ŷ ) =
p̂(ẑ | ✓; f, pX̂,Ŷ ) p(✓)

p̂(ẑ; f, pX̂,Ŷ )

Data-driven prior:
<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)

auxiliary likelihood
group-aware prior

Data-driven group-aware prior distribution
<latexit sha1_base64="h5z8EmkxB5PYvGi+qoSMldFLdH8="></latexit>

p̂(✓ | ẑ; f, pX̂,Ŷ ) =
p̂(ẑ | ✓; f, pX̂,Ŷ ) p(✓)

p̂(ẑ; f, pX̂,Ŷ )

Data-driven prior:
<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)

auxiliary likelihood base prior
group-aware prior

Data-driven group-aware prior distribution
<latexit sha1_base64="h5z8EmkxB5PYvGi+qoSMldFLdH8="></latexit>

p̂(✓ | ẑ; f, pX̂,Ŷ ) =
p̂(ẑ | ✓; f, pX̂,Ŷ ) p(✓)

p̂(ẑ; f, pX̂,Ŷ )

Data-driven prior:
<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)

auxiliary likelihood base prior

marginal likelihood

group-aware prior

Data-driven group-aware prior distribution
<latexit sha1_base64="h5z8EmkxB5PYvGi+qoSMldFLdH8="></latexit>

p̂(✓ | ẑ; f, pX̂,Ŷ ) =
p̂(ẑ | ✓; f, pX̂,Ŷ ) p(✓)

p̂(ẑ; f, pX̂,Ŷ )

Data-driven prior:
<latexit sha1_base64="CCudn+sJlzJZy0PBSmsdB32uMpE=">AAACHHicbVBNS8NAEN34WetX1aOXxSIolJJoUY9FLx4rWC00oWy2U7u42YTdiVhifogX/4oXD4p48SD4b9zWHtT6YODx3gwz88JECoOu++lMTc/Mzs0XFoqLS8srq6W19QsTp5pDk8cy1q2QGZBCQRMFSmglGlgUSrgMr0+G/uUNaCNidY6DBIKIXSnRE5yhlTqlfb/PMEvyHR/7gIz6lTu/Qn2EW9RRxmM1ZH5FqF6so9FMvtspld2qOwKdJN6YlMkYjU7p3e/GPI1AIZfMmLbnJhhkTKPgEvKinxpIGL9mV9C2VLEITJCNnsvptlW61K63pZCO1J8TGYuMGUSh7bQH9s1fbyj+57VT7B0FmVBJiqD496JeKinGdJgU7QoNHOXAEsa1sLdS3meacbR5Fm0I3t+XJ8nFXtU7qNbOauX68TiOAtkkW2SHeOSQ1MkpaZAm4eSePJJn8uI8OE/Oq/P23TrljGc2yC84H1+9J6Jt</latexit>

p̂(✓ | context information)



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ

Bernoulli likelihood:



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ

Bernoulli likelihood:
<latexit sha1_base64="5pGBEuJmnVCq7Ktwg5BdEGQ+F+I="></latexit>

p̂(ẑ = 1 | ✓; f, pX̂,Ŷ ) = exp(��EpX̂,Ŷ
[c(X̂, Ŷ , f, ✓)])

p̂(ẑ = 0 | ✓; f, pX̂,Ŷ ) = 1� p̂(ẑ = 1 | ✓; f, pX̂,Ŷ )



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ

Bernoulli likelihood:
<latexit sha1_base64="5pGBEuJmnVCq7Ktwg5BdEGQ+F+I="></latexit>

p̂(ẑ = 1 | ✓; f, pX̂,Ŷ ) = exp(��EpX̂,Ŷ
[c(X̂, Ŷ , f, ✓)])

p̂(ẑ = 0 | ✓; f, pX̂,Ŷ ) = 1� p̂(ẑ = 1 | ✓; f, pX̂,Ŷ )



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ

Bernoulli likelihood:
<latexit sha1_base64="5pGBEuJmnVCq7Ktwg5BdEGQ+F+I="></latexit>

p̂(ẑ = 1 | ✓; f, pX̂,Ŷ ) = exp(��EpX̂,Ŷ
[c(X̂, Ŷ , f, ✓)])

p̂(ẑ = 0 | ✓; f, pX̂,Ŷ ) = 1� p̂(ẑ = 1 | ✓; f, pX̂,Ŷ )

Cost function



Group-aware priors (GAPs)
Auxiliary likelihood:

<latexit sha1_base64="mhKVCSu6ZMxZx7pXJWRn7qi8e4I=">AAACH3icbZDLSgMxFIYzXmu9jbp0EyxChVJmpFTBTdGNywr2Ip1SMmmmDc1cSM4IdZg3ceOruHGhiLjr25hOu9DWAyEf/38OyfndSHAFljUxVlbX1jc2c1v57Z3dvX3z4LCpwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju6mfqtRyYVD4N7GEes65NBwD1OCWipZ1adIYEkSovZ/ZRix+d97MCQAcFX2CvhqJdkXjst4Qwe0vSsZxasspUVXgZ7DgU0r3rP/Hb6IY19FgAVRKmObUXQTYgETgVL806sWEToiAxYR2NAfKa6SbZfik+10sdeKPUJAGfq74mE+EqNfVd3+gSGatGbiv95nRi8y27CgygGFtDZQ14sMIR4Ghbuc8koiLEGQiXXf8V0SCShoCPN6xDsxZWXoXletqvlyl2lULuex5FDx+gEFZGNLlAN3aI6aiCKntErekcfxovxZnwaX7PWFWM+c4T+lDH5AVYToog=</latexit>

p̂(ẑ | ✓; f, pX̂,Ŷ )

Auxiliary RV:        (‘achieving group robustness’)
<latexit sha1_base64="URytX4xs9hBZhXnoUPzsl6rtlLA=">AAAB+nicbZDNSsNAFIVv6l+tf6ku3QwWwVVJpKgboejGZQXbim0ok+m0HTqZhJmJUmMexY0LRdz6JO58G6dpFtp6YODj3Hu5d44fcaa043xbhaXlldW14nppY3Nre8cu77ZUGEtCmyTkobz1saKcCdrUTHN6G0mKA5/Ttj++nNbb91QqFoobPYmoF+ChYANGsDZWzy53R1gndyk6Rxk9pj274lSdTGgR3BwqkKvRs7+6/ZDEARWacKxUx3Ui7SVYakY4TUvdWNEIkzEe0o5BgQOqvCQ7PUWHxumjQSjNExpl7u+JBAdKTQLfdAZYj9R8bWr+V+vEenDmJUxEsaaCzBYNYo50iKY5oD6TlGg+MYCJZOZWREZYYqJNWiUTgjv/5UVoHVfdk2rtulapX+RxFGEfDuAIXDiFOlxBA5pA4AGe4RXerCfrxXq3PmatBSuf2YM/sj5/APNgk9E=</latexit>

Ẑ = ẑ

Bernoulli likelihood:
<latexit sha1_base64="5pGBEuJmnVCq7Ktwg5BdEGQ+F+I="></latexit>

p̂(ẑ = 1 | ✓; f, pX̂,Ŷ ) = exp(��EpX̂,Ŷ
[c(X̂, Ŷ , f, ✓)])

p̂(ẑ = 0 | ✓; f, pX̂,Ŷ ) = 1� p̂(ẑ = 1 | ✓; f, pX̂,Ŷ )

Cost functionDistribution over context sets



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ

1. Assume access to a (small) dataset with group labels



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ

1. Assume access to a (small) dataset with group labels

2. Reweigh dataset by upsampling underrepresented groups



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ

1. Assume access to a (small) dataset with group labels

2. Reweigh dataset by upsampling underrepresented groups



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ

1. Assume access to a (small) dataset with group labels

2. Reweigh dataset by upsampling underrepresented groups



Group-aware priors (GAPs)
Specifying          :<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ

1. Assume access to a (small) dataset with group labels

2. Reweigh dataset by upsampling underrepresented groups

<latexit sha1_base64="CACbCbbvT2F+8HqhkhDzRzdXu3A=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4EJKIkVdFt24rGAv0oYwmU7aoZMLMydCDcFXceNCEbe+hzvfxmmahbb+MPDxn3M4Z34vFlyBZX0bpaXlldW18nplY3Nre8fc3WurKJGUtWgkItn1iGKCh6wFHATrxpKRwBOs442vp/XOA5OKR+EdTGLmBGQYcp9TAtpyzYPYTfsjAmk3O8U53GeZa1atmpULL4JdQBUVarrmV38Q0SRgIVBBlOrZVgxOSiRwKlhW6SeKxYSOyZD1NIYkYMpJ8+szfKydAfYjqV8IOHd/T6QkUGoSeLozIDBS87Wp+V+tl4B/6aQ8jBNgIZ0t8hOBIcLTKPCAS0ZBTDQQKrm+FdMRkYSCDqyiQ7Dnv7wI7bOafV6r39arjasijjI6REfoBNnoAjXQDWqiFqLoET2jV/RmPBkvxrvxMWstGcXMPvoj4/MHrciVYg==</latexit>pX̂,Ŷ



Group-aware priors (GAPs)
Specifying                    :

<latexit sha1_base64="FEI+Pk1qZnFgXt10XGWIiDm/FII=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJCSSFGXRTcuK9gLtKFMppN26OTCzIkYQndufBU3LhRx6yu4822cpllo6w8DH/85hzPndyPBFVjWt1FYWl5ZXSuulzY2t7Z3zN29lgpjSVmThiKUHZcoJnjAmsBBsE4kGfFdwdru+Hpab98zqXgY3EESMccnw4B7nBLQVt88pJXeiED6MDnFGSQaPM0wYkBO+mbZqlqZ8CLYOZRRrkbf/OoNQhr7LAAqiFJd24rASYkETgWblHqxYhGhYzJkXY0B8Zly0uyOCT7WzgB7odQvAJy5vydS4iuV+K7u9AmM1Hxtav5X68bgXTopD6IYWEBni7xYYAjxNBQ84JJREIkGQiXXf8V0RCShoKMr6RDs+ZMXoXVWtc+rtdtauX6Vx1FEB+gIVZCNLlAd3aAGaiKKHtEzekVvxpPxYrwbH7PWgpHP7KM/Mj5/AGmrmGM=</latexit>

c(x̂, ŷ, f, ✓)

Goal: Improve generalization for underrepresented group(s).



Group-aware priors (GAPs)
Specifying                    :

<latexit sha1_base64="FEI+Pk1qZnFgXt10XGWIiDm/FII=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJCSSFGXRTcuK9gLtKFMppN26OTCzIkYQndufBU3LhRx6yu4822cpllo6w8DH/85hzPndyPBFVjWt1FYWl5ZXSuulzY2t7Z3zN29lgpjSVmThiKUHZcoJnjAmsBBsE4kGfFdwdru+Hpab98zqXgY3EESMccnw4B7nBLQVt88pJXeiED6MDnFGSQaPM0wYkBO+mbZqlqZ8CLYOZRRrkbf/OoNQhr7LAAqiFJd24rASYkETgWblHqxYhGhYzJkXY0B8Zly0uyOCT7WzgB7odQvAJy5vydS4iuV+K7u9AmM1Hxtav5X68bgXTopD6IYWEBni7xYYAjxNBQ84JJREIkGQiXXf8V0RCShoKMr6RDs+ZMXoXVWtc+rtdtauX6Vx1FEB+gIVZCNLlAd3aAGaiKKHtEzekVvxpPxYrwbH7PWgpHP7KM/Mj5/AGmrmGM=</latexit>

c(x̂, ŷ, f, ✓)

1. Cross-entropy loss with parameter perturbation
<latexit sha1_base64="X0WLdhp/tYJNOuPgCmz1eCH66M4="></latexit>

c(x̂, ŷ, f, ✓)
.
= `(ŷ, f(x̂; ✓ + ⇢✏(✓)))

Goal: Improve generalization for underrepresented group(s).



Group-aware priors (GAPs)
Specifying                    :

<latexit sha1_base64="FEI+Pk1qZnFgXt10XGWIiDm/FII=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVJCSSFGXRTcuK9gLtKFMppN26OTCzIkYQndufBU3LhRx6yu4822cpllo6w8DH/85hzPndyPBFVjWt1FYWl5ZXSuulzY2t7Z3zN29lgpjSVmThiKUHZcoJnjAmsBBsE4kGfFdwdru+Hpab98zqXgY3EESMccnw4B7nBLQVt88pJXeiED6MDnFGSQaPM0wYkBO+mbZqlqZ8CLYOZRRrkbf/OoNQhr7LAAqiFJd24rASYkETgWblHqxYhGhYzJkXY0B8Zly0uyOCT7WzgB7odQvAJy5vydS4iuV+K7u9AmM1Hxtav5X68bgXTopD6IYWEBni7xYYAjxNBQ84JJREIkGQiXXf8V0RCShoKMr6RDs+ZMXoXVWtc+rtdtauX6Vx1FEB+gIVZCNLlAd3aAGaiKKHtEzekVvxpPxYrwbH7PWgpHP7KM/Mj5/AGmrmGM=</latexit>

c(x̂, ŷ, f, ✓)

1. Cross-entropy loss with parameter perturbation
<latexit sha1_base64="X0WLdhp/tYJNOuPgCmz1eCH66M4="></latexit>

c(x̂, ŷ, f, ✓)
.
= `(ŷ, f(x̂; ✓ + ⇢✏(✓)))

2. Worst-case perturbation
<latexit sha1_base64="0Dx7AGSEiITE6STiYzYRc7tPvtg="></latexit>

✏(✓, x̂, ŷ)
.
=? r✓`(ŷ, f(x̂; ✓))

kr✓`(ŷ, f(x̂; ✓))k2

Goal: Improve generalization for underrepresented group(s).



Group-aware priors (GAPs)
Putting it all together:



Group-aware priors (GAPs)
Putting it all together:

<latexit sha1_base64="VnLxmWIehL6YFwZ7oYUObfjgTLA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEFyUkUtSNUHTjsoJ9QBPKZDpth04ezNwINQQ3/oobF4q49Svc+TdO2yy09cCFwzn3cu89fiy4Atv+NgpLyyura8X10sbm1vaOubvXVFEiKWvQSESy7RPFBA9ZAzgI1o4lI4EvWMsfXU/81j2TikfhHYxj5gVkEPI+pwS01DUP3CGB9CHDl9hNsVPBlmVVsIPdrGuWbcueAi8SJydllKPeNb/cXkSTgIVABVGq49gxeCmRwKlgWclNFIsJHZEB62gakoApL52+kOFjrfRwP5K6QsBT9fdESgKlxoGvOwMCQzXvTcT/vE4C/Qsv5WGcAAvpbFE/ERgiPMkD97hkFMRYE0Il17diOiSSUNCplXQIzvzLi6R5ajlnVvW2Wq5d5XEU0SE6QifIQeeohm5QHTUQRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifPxmslKo=</latexit>

ẑ = {1, ..., 1}• Let                         (i.e., ‘group robustness achieved’)



Group-aware priors (GAPs)
Putting it all together:
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Group-aware priors (GAPs)
Putting it all together:
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Training with group-aware priors
Maximum a posteriori (MAP) estimation:

<latexit sha1_base64="T76a7UsEJ0l7xJ/MEbVfZd9wthA="></latexit>

max
✓

p(✓ | yD, xD, ẑ; f, pX̂,Ŷ )

<latexit sha1_base64="LtffjlasKOgTD6OvEEg5yMO0d28="></latexit>

min
✓

nXN

n=1
`(y(n)D , f(x(n)

D ; ✓)) +
⌧✓
2
k✓ � µk22

| {z }
standardL2-regularized loss

+�EpX̂,Ŷ
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Training with group-aware priors
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Amenable to stochastic optimization.

Maximum a posteriori (MAP) estimation:
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Summary

1. We designed a family of data-driven group-aware priors 
(GAPs) and constructed a simple prior instantiation.

2. In practice, group-aware priors can be used as simple add-on 
regularizers for standard optimization objectives.

3. Group-aware priors significantly improve group robustness 
under subpopulation shifts.
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