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What is Conformal Prediction?
Airplane Unknown accuracy

Airplane, or car 90% Coverage

Instead of a single prediction (unknown 
accuracy), predict a set of labels, 
guaranteed to include the true answer.

TL;DR



<latexit sha1_base64="2UBIrBwcIyWQyMVnyifRSIRwQ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCVyERqS4LBXFZwV4gLeVkOmmHTiZhZiKUEPAh3Pgqblwo4lZ3vo2TtoK2/jDw8Z8znHN+P+ZMacf5slZW19Y3Ngtbxe2d3b390sFhS0WJJLRJIh7Jjg+KciZoUzPNaSeWFEKf07Y/ruf19h2VikXiVk9i2gthKFjACGhj9Ut2NwQ9kmHakJn3w8BkzEHQDHeZwFOXAE/rWaVfKju2MxVeBncOZTRXo1/67A4ikoRUaMJBKc91Yt1LQWpGOM2K3UTRGMgYhtQzKCCkqpdO78rwqXEGOIikeULjqfv7RwqhUpPQN535jmqxlpv/1bxEB5e9lIk40VSQ2aAg4VhHOA8JD5ikRPOJASCSmV0xGYEEok2URROCu3jyMrTObLdqV2/Oy7Wr+1kcBXSMTlAFuegC1dA1aqAmIugBPaEX9Go9Ws/Wm/U+a12x5hEeoT+yPr4BkPyhNQ==</latexit>

Pr[airplane 2 C(
<latexit sha1_base64="vL/EkzNNZe7LM1vEVRtCsx7F07I=">AAAB+nicbZBLSwMxFIXv+Kz1NdWlm2ARdGGZEakuC4K4rGAf0BlKJr1tQzMPkoxSxoJ/xI0LRdz6S9z5b0wfC209EPg454bcnCARXGnH+baWlldW19ZzG/nNre2dXbuwV1dxKhnWWCxi2QyoQsEjrGmuBTYTiTQMBDaCwdU4b9yjVDyO7vQwQT+kvYh3OaPaWG27cOITr4fEJafEoyLp07ZddErORGQR3BkUYaZq2/7yOjFLQ4w0E1Splusk2s+o1JwJHOW9VGFC2YD2sGUwoiEqP5usPiJHxumQbizNiTSZuL9vZDRUahgGZjKkuq/ms7H5X9ZKdffSz3iUpBojNn2omwqiYzLugXS4RKbF0ABlkptdCetTSZk2beVNCe78lxehflZyy6Xy7Xmxcv00rSMHB3AIx+DCBVTgBqpQAwYP8Ayv8GY9Wi/Wu/UxHV2yZhXuwx9Znz+++pLS</latexit>

)] � 1� ↵

<latexit sha1_base64="2UBIrBwcIyWQyMVnyifRSIRwQ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCVyERqS4LBXFZwV4gLeVkOmmHTiZhZiKUEPAh3Pgqblwo4lZ3vo2TtoK2/jDw8Z8znHN+P+ZMacf5slZW19Y3Ngtbxe2d3b390sFhS0WJJLRJIh7Jjg+KciZoUzPNaSeWFEKf07Y/ruf19h2VikXiVk9i2gthKFjACGhj9Ut2NwQ9kmHakJn3w8BkzEHQDHeZwFOXAE/rWaVfKju2MxVeBncOZTRXo1/67A4ikoRUaMJBKc91Yt1LQWpGOM2K3UTRGMgYhtQzKCCkqpdO78rwqXEGOIikeULjqfv7RwqhUpPQN535jmqxlpv/1bxEB5e9lIk40VSQ2aAg4VhHOA8JD5ikRPOJASCSmV0xGYEEok2URROCu3jyMrTObLdqV2/Oy7Wr+1kcBXSMTlAFuegC1dA1aqAmIugBPaEX9Go9Ws/Wm/U+a12x5hEeoT+yPr4BkPyhNQ==</latexit>

Pr[airplane 2 C(
<latexit sha1_base64="v7poKnRMX/gMBCdWNzk7+koBNX8=">AAAB/nicbZBLSwMxFIUz9VXra1RcuQkWQReWGZHqsiCIywr2AZ2hZNK0Dc0kQ3JHKEOhf8WNC0Xc+jvc+W9MHwttPRD4OOeG3JwoEdyA5307uZXVtfWN/GZha3tnd8/dP6gblWrKalQJpZsRMUxwyWrAQbBmohmJI8Ea0eB2kjeemDZcyUcYJiyMSU/yLqcErNV2j85DHEgFQY9hH1/ggIikT9pu0St5U+Fl8OdQRHNV2+5X0FE0jZkEKogxLd9LIMyIBk4FGxWC1LCE0AHpsZZFSWJmwmy6/gifWqeDu0rbIwFP3d83MhIbM4wjOxkT6JvFbGL+l7VS6N6EGZdJCkzS2UPdVGBQeNIF7nDNKIihBUI1t7ti2ieaULCNFWwJ/uKXl6F+WfLLpfLDVbFyN57VkUfH6ASdIR9dowq6R1VUQxRl6Bm9ojdn7Lw4787HbDTnzCs8RH/kfP4A+mCUpw==</latexit>

)] 6� 1� ↵
<latexit sha1_base64="upn2J9n8HWQeP0rBMhqQozH9CAU=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm4nffESleSzvzShBP6J9yUPOqLFS7bxbKLoldwqyTLw5KcIc1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9tSyWNUPvZ9NAxObVKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89jMuk9SgZLNFYSqIicnka9LjCpkRI0soU9zeStiAKsqMzSZvQ/AWX14mjYuSVy6Va5fFyu3TLI4cHMMJnIEHV1CBO6hCHRggPMMrvDkPzovz7nzMWleceYRH8AfO5w+cS40+</latexit>

+
<latexit sha1_base64="7J31AHplsVQQoYxm6vPsOvpFVA0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4Lgnis4LaFdinZdLYNzWaXJCuUUvAfePGgiFd/kDf/jdm2B219MMzjvQmZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Cb3W4+oNE/kgxmnGMR0IHnEGTVW8t2q63q9ciXvOcgq8RakAgs0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMlp2SM6v0SZQoW9KQmfr7xYTGWo/j0E7G1Az1speL/3mdzETXwYTLNDMo2fyjKBPEJCS/nPS5QmbE2BLKFLe7EjakijJj8ynZELzlk1dJ86Lq1aq1+8tK/fZpHkcRTuAUzsGDK6jDHTTABwYcnuEV3hzpvDjvzsd8tOAsIjyGP3A+fwBa744q</latexit>

0.001

Airplane Unknown accuracy

Airplane, or car 90% Coverage

Conformal Guarantee can break!
Small noise can decrease the coverage 
drastically!

What is Conformal Prediction?
Instead of a single prediction (unknown 
accuracy), predict a set of labels, 
guaranteed to include the true answer.

TL;DR



<latexit sha1_base64="2UBIrBwcIyWQyMVnyifRSIRwQ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCVyERqS4LBXFZwV4gLeVkOmmHTiZhZiKUEPAh3Pgqblwo4lZ3vo2TtoK2/jDw8Z8znHN+P+ZMacf5slZW19Y3Ngtbxe2d3b390sFhS0WJJLRJIh7Jjg+KciZoUzPNaSeWFEKf07Y/ruf19h2VikXiVk9i2gthKFjACGhj9Ut2NwQ9kmHakJn3w8BkzEHQDHeZwFOXAE/rWaVfKju2MxVeBncOZTRXo1/67A4ikoRUaMJBKc91Yt1LQWpGOM2K3UTRGMgYhtQzKCCkqpdO78rwqXEGOIikeULjqfv7RwqhUpPQN535jmqxlpv/1bxEB5e9lIk40VSQ2aAg4VhHOA8JD5ikRPOJASCSmV0xGYEEok2URROCu3jyMrTObLdqV2/Oy7Wr+1kcBXSMTlAFuegC1dA1aqAmIugBPaEX9Go9Ws/Wm/U+a12x5hEeoT+yPr4BkPyhNQ==</latexit>

Pr[airplane 2 C(
<latexit sha1_base64="vL/EkzNNZe7LM1vEVRtCsx7F07I=">AAAB+nicbZBLSwMxFIXv+Kz1NdWlm2ARdGGZEakuC4K4rGAf0BlKJr1tQzMPkoxSxoJ/xI0LRdz6S9z5b0wfC209EPg454bcnCARXGnH+baWlldW19ZzG/nNre2dXbuwV1dxKhnWWCxi2QyoQsEjrGmuBTYTiTQMBDaCwdU4b9yjVDyO7vQwQT+kvYh3OaPaWG27cOITr4fEJafEoyLp07ZddErORGQR3BkUYaZq2/7yOjFLQ4w0E1Splusk2s+o1JwJHOW9VGFC2YD2sGUwoiEqP5usPiJHxumQbizNiTSZuL9vZDRUahgGZjKkuq/ms7H5X9ZKdffSz3iUpBojNn2omwqiYzLugXS4RKbF0ABlkptdCetTSZk2beVNCe78lxehflZyy6Xy7Xmxcv00rSMHB3AIx+DCBVTgBqpQAwYP8Ayv8GY9Wi/Wu/UxHV2yZhXuwx9Znz+++pLS</latexit>

)] � 1� ↵

<latexit sha1_base64="2UBIrBwcIyWQyMVnyifRSIRwQ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCVyERqS4LBXFZwV4gLeVkOmmHTiZhZiKUEPAh3Pgqblwo4lZ3vo2TtoK2/jDw8Z8znHN+P+ZMacf5slZW19Y3Ngtbxe2d3b390sFhS0WJJLRJIh7Jjg+KciZoUzPNaSeWFEKf07Y/ruf19h2VikXiVk9i2gthKFjACGhj9Ut2NwQ9kmHakJn3w8BkzEHQDHeZwFOXAE/rWaVfKju2MxVeBncOZTRXo1/67A4ikoRUaMJBKc91Yt1LQWpGOM2K3UTRGMgYhtQzKCCkqpdO78rwqXEGOIikeULjqfv7RwqhUpPQN535jmqxlpv/1bxEB5e9lIk40VSQ2aAg4VhHOA8JD5ikRPOJASCSmV0xGYEEok2URROCu3jyMrTObLdqV2/Oy7Wr+1kcBXSMTlAFuegC1dA1aqAmIugBPaEX9Go9Ws/Wm/U+a12x5hEeoT+yPr4BkPyhNQ==</latexit>

Pr[airplane 2 C(
<latexit sha1_base64="v7poKnRMX/gMBCdWNzk7+koBNX8=">AAAB/nicbZBLSwMxFIUz9VXra1RcuQkWQReWGZHqsiCIywr2AZ2hZNK0Dc0kQ3JHKEOhf8WNC0Xc+jvc+W9MHwttPRD4OOeG3JwoEdyA5307uZXVtfWN/GZha3tnd8/dP6gblWrKalQJpZsRMUxwyWrAQbBmohmJI8Ea0eB2kjeemDZcyUcYJiyMSU/yLqcErNV2j85DHEgFQY9hH1/ggIikT9pu0St5U+Fl8OdQRHNV2+5X0FE0jZkEKogxLd9LIMyIBk4FGxWC1LCE0AHpsZZFSWJmwmy6/gifWqeDu0rbIwFP3d83MhIbM4wjOxkT6JvFbGL+l7VS6N6EGZdJCkzS2UPdVGBQeNIF7nDNKIihBUI1t7ti2ieaULCNFWwJ/uKXl6F+WfLLpfLDVbFyN57VkUfH6ASdIR9dowq6R1VUQxRl6Bm9ojdn7Lw4787HbDTnzCs8RH/kfP4A+mCUpw==</latexit>

)] 6� 1� ↵
<latexit sha1_base64="upn2J9n8HWQeP0rBMhqQozH9CAU=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDm4nffESleSzvzShBP6J9yUPOqLFS7bxbKLoldwqyTLw5KcIc1W7hq9OLWRqhNExQrduemxg/o8pwJnCc76QaE8qGtI9tSyWNUPvZ9NAxObVKj4SxsiUNmaq/JzIaaT2KAtsZUTPQi95E/M9rpya89jMuk9SgZLNFYSqIicnka9LjCpkRI0soU9zeStiAKsqMzSZvQ/AWX14mjYuSVy6Va5fFyu3TLI4cHMMJnIEHV1CBO6hCHRggPMMrvDkPzovz7nzMWleceYRH8AfO5w+cS40+</latexit>

+
<latexit sha1_base64="7J31AHplsVQQoYxm6vPsOvpFVA0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR4Lgnis4LaFdinZdLYNzWaXJCuUUvAfePGgiFd/kDf/jdm2B219MMzjvQmZeWEquDau++0U1tY3NreK26Wd3b39g/LhUVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Cb3W4+oNE/kgxmnGMR0IHnEGTVW8t2q63q9ciXvOcgq8RakAgs0euWvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMlp2SM6v0SZQoW9KQmfr7xYTGWo/j0E7G1Az1speL/3mdzETXwYTLNDMo2fyjKBPEJCS/nPS5QmbE2BLKFLe7EjakijJj8ynZELzlk1dJ86Lq1aq1+8tK/fZpHkcRTuAUzsGDK6jDHTTABwYcnuEV3hzpvDjvzsd8tOAsIjyGP3A+fwBa744q</latexit>

0.001

Airplane Unknown accuracy

Airplane, or car 90% Coverage

Robust Conformal Prediction
Same guarantee, extended to the worst 
case noise.

<latexit sha1_base64="1MJqmX2TWnYiXxq0/8MbjY7+Je0="></latexit>

Pr[yn+1 → C(xnoisy),xnoisy → B(xclean)] ↑ 90%

Conformal Guarantee can break!
Small noise can decrease the coverage 
drastically!

What is Conformal Prediction?
Instead of a single prediction (unknown 
accuracy), predict a set of labels, 
guaranteed to include the true answer.

TL;DR



Our Results in One Glance

Prediction sets guaranteed to include the true 
label even with the worst case noise!

{Airplane, car} 90% Coverage

{Plane, car, cat} Still 90% Coverage

BinCPVanilla

Co
ve

ra
ge

CIFAR-10 under adversarial perturbation
Guarantee

TL;DR



Our Results in One Glance

Prediction sets guaranteed to include the true 
label even with the worst case noise!

Airplane, or car 90% Coverage

Airplane, car, or cat Still 90% Coverage

Works with many existing smoothing certificates.

Av
g. 

Se
t S

iz
e

Using L1 De-randomized Certificate

TL;DR



Our Results in One Glance

Prediction sets guaranteed to include the true 
label even with the worst case noise!

Airplane, or car 90% Coverage

Airplane, car, or cat Still 90% Coverage

Returns smaller sets with fewer forward passes.

Av
g. 

Se
t S

iz
e

No. Forward Passes

BinCPCAS (SOTA)

TL;DR

Works with many existing smoothing certificates.



Robust Conformal Prediction
Same guarantee, extended to the worst 
case noise.

Airplanes  
(Decision Boundary)

<latexit sha1_base64="1MJqmX2TWnYiXxq0/8MbjY7+Je0="></latexit>

Pr[yn+1 → C(xnoisy),xnoisy → B(xclean)] ↑ 90%

1

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B



<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

Robust Conformal Prediction
Same guarantee, extended to the worst 
case noise.

Worst case noise: Small perturbation, 
same semantics, different prediction!

<latexit sha1_base64="1MJqmX2TWnYiXxq0/8MbjY7+Je0="></latexit>

Pr[yn+1 → C(xnoisy),xnoisy → B(xclean)] ↑ 90%

1



Robust Conformal Prediction
Same guarantee, extended to the worst 
case noise.

Worst case noise: Small perturbation, 
same semantics, different prediction!

How CP Works?
A score function captures agreement 
between input, and labels: e.g. softmax. 

We accept any label with score above 
some computed threshold    . <latexit sha1_base64="AqBEUFHCZ+FfhmjpPINyEAskcNA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2FpoQ9lsN+3S3STsToQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSNXGqGe+wWMa6F1DDpYh4BwVK3ks0pyqQ/DGY3uX+4xPXRsTRA84S7is6jkQoGMVcGiBNh9WaW3cXIOvEK0gNCrSH1a/BKGap4hEySY3pe26CfkY1Cib5vDJIDU8om9Ix71saUcWNny1unZMLq4xIGGtbEZKF+nsio8qYmQpsp6I4MateLv7n9VMMb/1MREmKPGLLRWEqCcYkf5yMhOYM5cwSyrSwtxI2oZoytPFUbAje6svrpHtV9xr1xv11rdkq4ijDGZzDJXhwA01oQRs6wGACz/AKb45yXpx352PZWnKKmVP4A+fzByaNjlk=</latexit>ω

Original Point  
(Unseen, to be estimated!)

<latexit sha1_base64="1MJqmX2TWnYiXxq0/8MbjY7+Je0="></latexit>

Pr[yn+1 → C(xnoisy),xnoisy → B(xclean)] ↑ 90%

1

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B



How Robust CP Works?
Upper bound the maximum score in the 
perturbation ball! How?

<latexit sha1_base64="r2hJD2F1hxIQsSD+7MTq5TE9rFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseClx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpoT/CQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+2rqler1u6vK/VGHkcRzuAcLsGDG6hDA5rQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP0FgjdE=</latexit>→ <latexit sha1_base64="/kva8qP9bwmfU0+Rg2SqCSQvmz4=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPBS48VbCu2oWy2k3bpZjfsTpQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNirVDFpMCaXvQ2pAcAkt5CjgPtFA41BAJxzfzPzOI2jDlbzDSQJBTIeSR5xRtNJDT0CEVGv11C9XvKo3h7tK/JxUSI5mv/zVGyiWxiCRCWpM1/cSDDKqkTMB01IvNZBQNqZD6FoqaQwmyOYXT90zqwzcSGlbEt25+nsio7Exkzi0nTHFkVn2ZuJ/XjfF6DrIuExSBMkWi6JUuKjc2fvugGtgKCaWUKa5vdVlI6opQxtSyYbgL7+8StoXVb9Wrd1eVuqNPI4iOSGn5Jz45IrUSYM0SYswIskzeSVvjnFenHfnY9FacPKZY/IHzucP8GqRIQ==</latexit>→Neural network verifiers? Limited!

What else? Smoothing!

2

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B



What else? Smoothing!
Instead one point look at the 
distribution of nearby points!

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

3



What else? Smoothing!

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

Instead one point look at the 
distribution of nearby points!

3



<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

This distribution changes slowly around 
the input     .<latexit sha1_base64="bHgQFj9nMh/U6V5UYmb8Kcx1cBA=">AAAB+XicbVDLSsNAFL3xWesr6tJNsAiuSiJSXRbcdFnBPqANYTKZtEMnM2FmUiyhf+LGhSJu/RN3/o2TNgttPTDM4Zx7mTMnTBlV2nW/rY3Nre2d3cpedf/g8OjYPjntKpFJTDpYMCH7IVKEUU46mmpG+qkkKAkZ6YWT+8LvTYlUVPBHPUuJn6ARpzHFSBspsO1hKFikZom58qd5QAO75tbdBZx14pWkBiXagf01jATOEsI1Zkipgeem2s+R1BQzMq8OM0VShCdoRAaGcpQQ5eeL5HPn0iiREwtpDtfOQv29kaNEFeHMZIL0WK16hfifN8h0fOfnlKeZJhwvH4oz5mjhFDU4EZUEazYzBGFJTVYHj5FEWJuyqqYEb/XL66R7Xfca9cbDTa3ZKuuowDlcwBV4cAtNaEEbOoBhCs/wCm9Wbr1Y79bHcnTDKnfO4A+szx9WIZQn</latexit>xi

What else? Smoothing!

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

Instead one point look at the 
distribution of nearby points!

3



What score to choose?
How to summarize a distribution                                     
Into a single number? Baseline: Take the mean! 

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

4

<latexit sha1_base64="QWMxzC4iMOHlp/fs03FLyhd0GIM=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRKrLgghdVrQXSEOYTCft0MkkzEyEEoIbX8WNC0Xc+hTufBsnaRba+sPAx3/OYc75/ZhRqSzr26isrK6tb1Q3a1vbO7t75v5BT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+9Dqv9x+IkDTi92oWEzdEY04DipHSlmceDUOkJr6f3mROgRix9C7zqOuZdathFYLLYJdQB6U6nvk1HEU4CQlXmCEpHduKlZsioShmJKsNE0lihKdoTByNHIVEumlxQgZPtTOCQST04woW7u+JFIVSzkJfd+ZbysVabv5XcxIVXLkp5XGiCMfzj4KEQRXBPA84ooJgxWYaEBZU7wrxBAmElU6tpkOwF09eht55w242mrcX9Va7jKMKjsEJOAM2uAQt0AYd0AUYPIJn8ArejCfjxXg3PuatFaOcOQR/ZHz+ANN7l74=</latexit>

E[Si]

<latexit sha1_base64="xRcnT0mZeHWhNCqzwxZIjZTQ84Y=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFEbqsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73K/90SVZlI8mllCgxiPBYsYwcZK/iDGZhKG2f3cH1Zrbt1dAK0TryA1KNAeVr8GI0nSmApDONba99zEBBlWhhFO55VBqmmCyRSPqW+pwDHVQbaIPEcXVhmhSCr7hEEL9fdGhmOtZ3FoJ/OIetXLxf88PzXRbZAxkaSGCrL8KEo5MhLl96MRU5QYPrMEE8VsVkQmWGFibEsVW4K3evI66V7VvUa98XBda7aKOspwBudwCR7cQBNa0IYOEJDwDK/w5hjnxXl3PpajJafYOYU/cD5/AGH2kVs=</latexit>

E[
<latexit sha1_base64="4cX1ZAesi2t7ttPWqN7L6sLDaE4=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4KXHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTuljc2t7Z3ybmVv/+DwyD0+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu9zv/tElWaxfDSzhAYCjyWLGMEmlwJ0h4Zu1at5C6B14hekCgVaQ/drMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgWt87RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90GGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXiedq5pfr9UfrquNZhFHGc7gHC7BhxtoQBNa0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz/wdo2N</latexit>

] =



What score to choose?
How to summarize a distribution                                     
Into a single number? Baseline: Take the mean! 

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

4

<latexit sha1_base64="QWMxzC4iMOHlp/fs03FLyhd0GIM=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRKrLgghdVrQXSEOYTCft0MkkzEyEEoIbX8WNC0Xc+hTufBsnaRba+sPAx3/OYc75/ZhRqSzr26isrK6tb1Q3a1vbO7t75v5BT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+9Dqv9x+IkDTi92oWEzdEY04DipHSlmceDUOkJr6f3mROgRix9C7zqOuZdathFYLLYJdQB6U6nvk1HEU4CQlXmCEpHduKlZsioShmJKsNE0lihKdoTByNHIVEumlxQgZPtTOCQST04woW7u+JFIVSzkJfd+ZbysVabv5XcxIVXLkp5XGiCMfzj4KEQRXBPA84ooJgxWYaEBZU7wrxBAmElU6tpkOwF09eht55w242mrcX9Va7jKMKjsEJOAM2uAQt0AYd0AUYPIJn8ArejCfjxXg3PuatFaOcOQR/ZHz+ANN7l74=</latexit>

E[Si]

<latexit sha1_base64="xRcnT0mZeHWhNCqzwxZIjZTQ84Y=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFEbqsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73K/90SVZlI8mllCgxiPBYsYwcZK/iDGZhKG2f3cH1Zrbt1dAK0TryA1KNAeVr8GI0nSmApDONba99zEBBlWhhFO55VBqmmCyRSPqW+pwDHVQbaIPEcXVhmhSCr7hEEL9fdGhmOtZ3FoJ/OIetXLxf88PzXRbZAxkaSGCrL8KEo5MhLl96MRU5QYPrMEE8VsVkQmWGFibEsVW4K3evI66V7VvUa98XBda7aKOspwBudwCR7cQBNa0IYOEJDwDK/w5hjnxXl3PpajJafYOYU/cD5/AGH2kVs=</latexit>

E[
<latexit sha1_base64="4cX1ZAesi2t7ttPWqN7L6sLDaE4=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4KXHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTuljc2t7Z3ybmVv/+DwyD0+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu9zv/tElWaxfDSzhAYCjyWLGMEmlwJ0h4Zu1at5C6B14hekCgVaQ/drMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgWt87RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90GGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXiedq5pfr9UfrquNZhFHGc7gHC7BhxtoQBNa0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz/wdo2N</latexit>

] =



What score to choose?
How to summarize a distribution                                     
Into a single number? Baseline: Take the mean! 

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

4

<latexit sha1_base64="QWMxzC4iMOHlp/fs03FLyhd0GIM=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRKrLgghdVrQXSEOYTCft0MkkzEyEEoIbX8WNC0Xc+hTufBsnaRba+sPAx3/OYc75/ZhRqSzr26isrK6tb1Q3a1vbO7t75v5BT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+9Dqv9x+IkDTi92oWEzdEY04DipHSlmceDUOkJr6f3mROgRix9C7zqOuZdathFYLLYJdQB6U6nvk1HEU4CQlXmCEpHduKlZsioShmJKsNE0lihKdoTByNHIVEumlxQgZPtTOCQST04woW7u+JFIVSzkJfd+ZbysVabv5XcxIVXLkp5XGiCMfzj4KEQRXBPA84ooJgxWYaEBZU7wrxBAmElU6tpkOwF09eht55w242mrcX9Va7jKMKjsEJOAM2uAQt0AYd0AUYPIJn8ArejCfjxXg3PuatFaOcOQR/ZHz+ANN7l74=</latexit>

E[Si]

<latexit sha1_base64="xRcnT0mZeHWhNCqzwxZIjZTQ84Y=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFEbqsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73K/90SVZlI8mllCgxiPBYsYwcZK/iDGZhKG2f3cH1Zrbt1dAK0TryA1KNAeVr8GI0nSmApDONba99zEBBlWhhFO55VBqmmCyRSPqW+pwDHVQbaIPEcXVhmhSCr7hEEL9fdGhmOtZ3FoJ/OIetXLxf88PzXRbZAxkaSGCrL8KEo5MhLl96MRU5QYPrMEE8VsVkQmWGFibEsVW4K3evI66V7VvUa98XBda7aKOspwBudwCR7cQBNa0IYOEJDwDK/w5hjnxXl3PpajJafYOYU/cD5/AGH2kVs=</latexit>

E[
<latexit sha1_base64="4cX1ZAesi2t7ttPWqN7L6sLDaE4=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4KXHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTuljc2t7Z3ybmVv/+DwyD0+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu9zv/tElWaxfDSzhAYCjyWLGMEmlwJ0h4Zu1at5C6B14hekCgVaQ/drMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgWt87RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90GGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXiedq5pfr9UfrquNZhFHGc7gHC7BhxtoQBNa0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz/wdo2N</latexit>

] =



What score to choose?
How to summarize a distribution                                     
Into a single number? Baseline: Take the mean! 

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

4

<latexit sha1_base64="QWMxzC4iMOHlp/fs03FLyhd0GIM=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRKrLgghdVrQXSEOYTCft0MkkzEyEEoIbX8WNC0Xc+hTufBsnaRba+sPAx3/OYc75/ZhRqSzr26isrK6tb1Q3a1vbO7t75v5BT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+9Dqv9x+IkDTi92oWEzdEY04DipHSlmceDUOkJr6f3mROgRix9C7zqOuZdathFYLLYJdQB6U6nvk1HEU4CQlXmCEpHduKlZsioShmJKsNE0lihKdoTByNHIVEumlxQgZPtTOCQST04woW7u+JFIVSzkJfd+ZbysVabv5XcxIVXLkp5XGiCMfzj4KEQRXBPA84ooJgxWYaEBZU7wrxBAmElU6tpkOwF09eht55w242mrcX9Va7jKMKjsEJOAM2uAQt0AYd0AUYPIJn8ArejCfjxXg3PuatFaOcOQR/ZHz+ANN7l74=</latexit>

E[Si]

<latexit sha1_base64="xRcnT0mZeHWhNCqzwxZIjZTQ84Y=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFEbqsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73K/90SVZlI8mllCgxiPBYsYwcZK/iDGZhKG2f3cH1Zrbt1dAK0TryA1KNAeVr8GI0nSmApDONba99zEBBlWhhFO55VBqmmCyRSPqW+pwDHVQbaIPEcXVhmhSCr7hEEL9fdGhmOtZ3FoJ/OIetXLxf88PzXRbZAxkaSGCrL8KEo5MhLl96MRU5QYPrMEE8VsVkQmWGFibEsVW4K3evI66V7VvUa98XBda7aKOspwBudwCR7cQBNa0IYOEJDwDK/w5hjnxXl3PpajJafYOYU/cD5/AGH2kVs=</latexit>

E[
<latexit sha1_base64="4cX1ZAesi2t7ttPWqN7L6sLDaE4=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4KXHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTuljc2t7Z3ybmVv/+DwyD0+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu9zv/tElWaxfDSzhAYCjyWLGMEmlwJ0h4Zu1at5C6B14hekCgVaQ/drMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgWt87RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90GGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXiedq5pfr9UfrquNZhFHGc7gHC7BhxtoQBNa0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz/wdo2N</latexit>

] =



What score to choose?
How to summarize a distribution                                     
Into a single number? Baseline: Take the mean! 

<latexit sha1_base64="nQCksN67B6zhef5yBb+1hrY1odU=">AAACJHicbVDLSgMxFM34rPU16tJNsAgVocyIVEGEgpsuK9oHdIaSSdM2NJMMSUYsQz/Gjb/ixoUPXLjxW8y0s6itB0IO59zLvfcEEaNKO863tbS8srq2ntvIb25t7+zae/sNJWKJSR0LJmQrQIowykldU81IK5IEhQEjzWB4k/rNByIVFfxejyLih6jPaY9ipI3Usa+8EOkBRiy5G3covIaq6AWCddUoNF/ymIqncFbySKQoE3x80rELTsmZAC4SNyMFkKHWsT+8rsBxSLjGDCnVdp1I+wmSmmJGxnkvViRCeIj6pG0oRyFRfjI5cgyPjdKFPSHN4xpO1NmOBIUqXdFUpiepeS8V//Pase5d+gnlUawJx9NBvZhBLWCaGOxSSbBmI0MQltTsCvEASYS1yTVvQnDnT14kjbOSWy6Vb88LlWoWRw4cgiNQBC64ABVQBTVQBxg8gRfwBt6tZ+vV+rS+pqVLVtZzAP7A+vkF8Melqw==</latexit>

Si = s(xi + ω)

Many Monte-Carlo samples are needed!

4

<latexit sha1_base64="QWMxzC4iMOHlp/fs03FLyhd0GIM=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWwVVJRKrLgghdVrQXSEOYTCft0MkkzEyEEoIbX8WNC0Xc+hTufBsnaRba+sPAx3/OYc75/ZhRqSzr26isrK6tb1Q3a1vbO7t75v5BT0aJwKSLIxaJgY8kYZSTrqKKkUEsCAp9Rvr+9Dqv9x+IkDTi92oWEzdEY04DipHSlmceDUOkJr6f3mROgRix9C7zqOuZdathFYLLYJdQB6U6nvk1HEU4CQlXmCEpHduKlZsioShmJKsNE0lihKdoTByNHIVEumlxQgZPtTOCQST04woW7u+JFIVSzkJfd+ZbysVabv5XcxIVXLkp5XGiCMfzj4KEQRXBPA84ooJgxWYaEBZU7wrxBAmElU6tpkOwF09eht55w242mrcX9Va7jKMKjsEJOAM2uAQt0AYd0AUYPIJn8ArejCfjxXg3PuatFaOcOQR/ZHz+ANN7l74=</latexit>

E[Si]

<latexit sha1_base64="xRcnT0mZeHWhNCqzwxZIjZTQ84Y=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFEbqsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73K/90SVZlI8mllCgxiPBYsYwcZK/iDGZhKG2f3cH1Zrbt1dAK0TryA1KNAeVr8GI0nSmApDONba99zEBBlWhhFO55VBqmmCyRSPqW+pwDHVQbaIPEcXVhmhSCr7hEEL9fdGhmOtZ3FoJ/OIetXLxf88PzXRbZAxkaSGCrL8KEo5MhLl96MRU5QYPrMEE8VsVkQmWGFibEsVW4K3evI66V7VvUa98XBda7aKOspwBudwCR7cQBNa0IYOEJDwDK/w5hjnxXl3PpajJafYOYU/cD5/AGH2kVs=</latexit>

E[
<latexit sha1_base64="4cX1ZAesi2t7ttPWqN7L6sLDaE4=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqheh4KXHCvYD2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3nfTuljc2t7Z3ybmVv/+DwyD0+6eg4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTu9zv/tElWaxfDSzhAYCjyWLGMEmlwJ0h4Zu1at5C6B14hekCgVaQ/drMIpJKqg0hGOt+76XmCDDyjDC6bwySDVNMJniMe1bKrGgOsgWt87RhVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90GGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2JD8FdfXiedq5pfr9UfrquNZhFHGc7gHC7BhxtoQBNa0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz/wdo2N</latexit>

] =



BinCP: Quantile of Quantiles
We take the quantile of this distribution 
as the conformity score.
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BinCP: Quantile of Quantiles
We take the quantile of this distribution 
as the conformity score.



We compute the conformal quantile of 
quantiles.
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BinCP: Quantile of Quantiles
We take the quantile of this distribution 
as the conformity score.



Robust BinCP
Turns out we only need one binary 
certificate. Read our paper to see why! 

Due to the binary variable we can use 
tighter confidence intervals.
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We compute the conformal quantile of 
quantiles.

BinCP: Quantile of Quantiles
We take the quantile of this distribution 
as the conformity score.



Results
Works on any binary certificate providing 
probability lower bounds.

Uses tighter confidence intervals

Smaller prediction set for fewer forward 
passes.

Even more improvements on datasets 
with many classes.

Av
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CIFAR-10 ImageNet

BinCPCAS (SOTA)
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