
Lecture 25: Bias and ethics

1Slides from A. Torralba, P. Isola, W. T. Freeman, and S. Lazebnik



• Sign up for a final presentation time slot!


• Discussion section this week: mostly office hours, 
but also will discuss NeRF.


• Questions?

Announcements

2

https://docs.google.com/spreadsheets/d/1zukVivjsyqJao832tGKsvwpnde62fkFutMuPu3gOoLM/edit#gid=839008196


A machine learning algorithm will do whatever the training data 
tells it to do.


If the data is bad or biased, the learned algorithm will be too.

Garbage in, garbage out

3 Source: Isola, Torralba, Freeman



Chatbot released on twitter.


Learned from interactions with users


 
 
 
 
 
 
Started mimicking offensive language, was shut down.

Microsoft’s Tay chatbot

Image source: https://money.cnn.com/2016/03/30/technology/tay-tweets-microsoft/index.html4

https://money.cnn.com/2016/03/30/technology/tay-tweets-microsoft/index.html


Recall: the Giraffe-Tree problem

[“Measuring Machine Intelligence Through Visual Question Answering”, Zitnick et al., 2016]5



[“Colorful image colorization”, Zhang et al., ECCV 2016]
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Source: Isola, Torralba, Freeman



[“Colorful image colorization”, Zhang et al., ECCV 2016]
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[“Colorful image colorization”, Zhang et al., ECCV 2016]

8

Source: Isola, Torralba, Freeman



[from Reddit /u/SherySantucci] 9



[Recolorized by Reddit ColorizeBot] 10
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Revisiting generalization



What Google thinks are 
student bedrooms

Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

12 Source: Isola, Torralba, Freeman



Driving simulator (GTA) Driving in the real world

Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>
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Need learning methods that can bridge this domain gap!
Source: Isola, Torralba, Freeman



Bias reduction techniques

Baseline: A man sitting at a desk 
with a laptop computer.

Improved model: A woman sitting 
in front of a laptop computer.

L. Hendricks, K. Burns, K. Saenko, T. Darrell, A. Rohrbach, Women Also Snowboard: 
Overcoming Bias in Captioning Models, ECCV 2018

Source: S. Lazebnik

http://openaccess.thecvf.com/content_ECCV_2018/papers/Lisa_Anne_Hendricks_Women_also_Snowboard_ECCV_2018_paper.pdf
http://openaccess.thecvf.com/content_ECCV_2018/papers/Lisa_Anne_Hendricks_Women_also_Snowboard_ECCV_2018_paper.pdf


Revisiting the problem of generalization

15



Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

True data-generating process

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

pdata
<latexit sha1_base64="ailAN+d2xqS6yi5e9LnpFLWhacA="></latexit><latexit sha1_base64="ailAN+d2xqS6yi5e9LnpFLWhacA="></latexit><latexit sha1_base64="ailAN+d2xqS6yi5e9LnpFLWhacA="></latexit><latexit sha1_base64="ailAN+d2xqS6yi5e9LnpFLWhacA="></latexit>

{x(train)
i , y(train)i } iid⇠ pdata

<latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit>

{x(test)
i , y(test)i } iid⇠ pdata

<latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit>

{x(train)
i , y(train)i }Ni=1

<latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit>

{x(test)
i , y(test)i }Mi=1

<latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit>

16 Source: Isola, Torralba, Freeman



Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

This is a huge assumption! 

Almost never true in practice!

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

{x(train)
i , y(train)i } iid⇠ pdata

<latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit><latexit sha1_base64="F6SZQqh25SpT42yY6+vTzj49jNo="></latexit>

{x(test)
i , y(test)i } iid⇠ pdata

<latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit><latexit sha1_base64="Lsjrj7Fdtqa2ROClF7jpclqRmCc="></latexit>

{x(train)
i , y(train)i }Ni=1

<latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit>

{x(test)
i , y(test)i }Mi=1

<latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit>

17 Source: Isola, Torralba, Freeman



Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Much more commonly, we have


Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

{x(train)
i , y(train)i }Ni=1

<latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit>

{x(test)
i , y(test)i }Mi=1

<latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit>

{x(test)
i , y(test)i } iid⇠ ptest

<latexit sha1_base64="CujUTGVVi02kOM5VZS2BPlXQoAk="></latexit><latexit sha1_base64="CujUTGVVi02kOM5VZS2BPlXQoAk="></latexit><latexit sha1_base64="CujUTGVVi02kOM5VZS2BPlXQoAk="></latexit><latexit sha1_base64="CujUTGVVi02kOM5VZS2BPlXQoAk="></latexit>

{x(train)
i , y(train)i } iid⇠ ptrain

<latexit sha1_base64="AJMBkVHrenEoK6c0Bb3T+dMtxm4="></latexit><latexit sha1_base64="AJMBkVHrenEoK6c0Bb3T+dMtxm4="></latexit><latexit sha1_base64="AJMBkVHrenEoK6c0Bb3T+dMtxm4="></latexit><latexit sha1_base64="AJMBkVHrenEoK6c0Bb3T+dMtxm4="></latexit>

ptrain 6= ptest
<latexit sha1_base64="07WdnpfZGe35AZMzyujcnL4CpxU="></latexit><latexit sha1_base64="07WdnpfZGe35AZMzyujcnL4CpxU="></latexit><latexit sha1_base64="07WdnpfZGe35AZMzyujcnL4CpxU="></latexit><latexit sha1_base64="07WdnpfZGe35AZMzyujcnL4CpxU="></latexit>

18 Source: Isola, Torralba, Freeman



Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

{x(train)
i , y(train)i }Ni=1

<latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit>

{x(test)
i , y(test)i }Mi=1

<latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit>

Our training data didn’t cover the part of the distribution that was tested

(biased data) 

generalization error

19 Source: Isola, Torralba, Freeman
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• Runaway feedback loops


• E.g. training a machine learning system on biased hiring 
decisions results in more biased hiring decisions.


• Bias in face analysis tools


• Perpetuate gender stereotypes

Lots of issues deploying biased systems

Source: [Gebru, “Race and Gender”, 2019]



What you might take away from a class

21

#1: The model #2: The algorithm

z t L

y

w

x

b

#3: The data

Source: Alexei Efros



But in practice…

22

#2: The model #3: The algorithm

z t L

y

w

x

b

#1: The data

…

Source: Alexei Efros



How can we collect good data?

+ Correctly labeled

+ Unbiased (good coverage of all relevant kinds of data)

23 Source: Isola, Torralba, Freeman



Crowdsourcing

24



The value of data

The Large Hadron Collider
$ 10 10

Amazon Mechanical Turk
$ 10 2 - 10 425

Source: Isola, Torralba, Freeman



But can humans collect good data?

26
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Source: Isola, Torralba, Freeman

Biases in data collection



Labeling to get a Ph.D.

Labeling for money 
(Sorokin, Forsyth, 2008)

Labeling because it  
gives you added value

Visipedia 
(Belongie, Perona, et al)

Labeling for fun
Luis Von Ahn and Laura Dabbish 2004

Getting more humans in the annotation loop

Labeling to prove 
you’re human

32

Source: Isola, Torralba, Freeman



Beware of the human in your loop

• What do you know about them?


• Will they do the work you pay for?

Let’s check a few simple experiments

33

Source: Isola, Torralba, Freeman



People have biases…

Turkers were offered 1 cent to pick a number from 1 to 10. 

From http://groups.csail.mit.edu/uid/deneme/

~850 turkers

Experiment by Greg Little
34

Source: Isola, Torralba, Freeman



Do humans have consistent biases?

Results form 100 HITS:

From http://groups.csail.mit.edu/uid/deneme/
Experiment by Greg Little

35

Source: Isola, Torralba, Freeman



Are humans reliable even in simple tasks?

From http://groups.csail.mit.edu/uid/deneme/
Experiment by Greg Little

A: 	2

B: 	96

C: 	2

Results of 100 HITS:

36

Source: Isola, Torralba, Freeman



Do humans do what you ask for?

31 heads, 19 tails

After 50 HITS:

34 heads, 16 tails

And 50 more:

From http://groups.csail.mit.edu/uid/deneme/
Experiment by Rob Miller

37

Source: Isola, Torralba, Freeman



But suppose we messed up. Our test setting doesn’t 
look like the training data! 

So we can sometimes collect good training data.

How can we bridge the domain gap?

38 Source: Isola, Torralba, Freeman



Finding more representative images

[Fouhey et al., "From Lifestyle Vlogs to Everyday Actions", 2017]



Finding more representative images

[Fouhey et al., "From Lifestyle Vlogs to Everyday Actions", 2017]
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Name that dataset game

[Torralba and Efros, “An unbiased look at dataset bias,” 2011]



Domain gap between             and           will cause 
us to fail to generalize.  

ptrain
<latexit sha1_base64="lnTpTGnbSxrJwpNqNOItfk4FZl0="></latexit><latexit sha1_base64="lnTpTGnbSxrJwpNqNOItfk4FZl0="></latexit><latexit sha1_base64="lnTpTGnbSxrJwpNqNOItfk4FZl0="></latexit><latexit sha1_base64="lnTpTGnbSxrJwpNqNOItfk4FZl0="></latexit>

ptest
<latexit sha1_base64="I6YuDLpFUR4maMIxQAZYl3OhskQ="></latexit><latexit sha1_base64="I6YuDLpFUR4maMIxQAZYl3OhskQ="></latexit><latexit sha1_base64="I6YuDLpFUR4maMIxQAZYl3OhskQ="></latexit><latexit sha1_base64="I6YuDLpFUR4maMIxQAZYl3OhskQ="></latexit>

training domain testing domain

(where we actual use our model)

Space of natural images

Training data

Test data 42

Source: Isola, Torralba, Freeman



Domain gap between             and             will cause 
us to fail to generalize.  

source domain target domain

(where we actual use our model)

Space of natural images

Source data

Target data

psource
<latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit>

ptarget
<latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit>

43

Source: Isola, Torralba, Freeman



Data space

source data target data

Idea #1: transform the target domain to look like the source domain

(Or vice versa) This is called domain adaptation
44

Source: Isola, Torralba, Freeman



Domain adaptation

• We have source domain pairs {xsource, ysource}


• Learn a mapping F: xsource —> ysource


• We want to apply F to target domain data xtarget


• Find transformation T: xtarget —> xsource 

• Now apply F(T(xtarget)) to predict ytarget 45

Source: Isola, Torralba, Freeman



psource
<latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit>

ptarget
<latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit>

46
Source: Isola, Torralba, Freeman



Horses Zebras

X
Y

CycleGAN

47
Source: Isola, Torralba, Freeman



Domain adaptation

psource
<latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit>

ptarget
<latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit>

48
Source: Isola, Torralba, Freeman



Domain gap between             and             will cause 
us to fail to generalize.  

Space of images

psource
<latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit>

ptarget
<latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit>

source domain

Source data

target domain

(where we actual use our model)

Target data
49

Source: Isola, Torralba, Freeman



Cycle-Consistent Adversarial Domain Adaptation

Source domain

,

Target domain

, ?

[Hoffman, Tzeng, Park, Zhu, Isola, Saenko, Darrell, Efros, arXiv 2017]

50
Source: Isola, Torralba, Freeman



CycleGAN

,
Training data

51
Source: Isola, Torralba, Freeman



,
Training data

CycleGAN

52
Source: Isola, Torralba, Freeman



,
Training data

CycleGAN FCN

53
Source: Isola, Torralba, Freeman



OpenAI Dactyl

54 Source: Isola, Torralba, Freeman



Domain gap between             and             will cause 
us to fail to generalize.  

Space of images

psource
<latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit><latexit sha1_base64="vaALgwqp7UHoQMqUQNTrbkVrMAo="></latexit>

ptarget
<latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit><latexit sha1_base64="gn/SjYy0NI2S5kYJAYkkISuqsUI="></latexit>

target domain

(where we actual use our model)

Target data

source domain

Source data

55

Source: Isola, Torralba, Freeman



Data space

Training data Test data

Idea #2: train on randomly perturbed data, so that test set just looks 
like another random perturbation

This is called domain randomization or data augmentation

56

Source: Isola, Torralba, Freeman



Domain randomization

Above example is from [Tobin et al. 2017]

Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

[Sadeghi & Levine 2016]
57

Source: Isola, Torralba, Freeman



58

• Data very important [Maluleke et al., 2022], but also other 
factors can matter.


• Camera hardware and software

• e.g., default camera settings calibrated to expose light skin


• Loss function (e.g., “mode collapse” in GANs)

• Features

• Sampling strategy (e.g., truncation in GANs)

Beyond data



What if we go way outside of the training distribution?

59

Source: Isola, Torralba, Freeman



Training data
<latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit><latexit sha1_base64="4gXZsPFg4PMoPOoO47pTNWzkob0=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe7SaBm0sYyQL0iOMLe3lyzZ2zt35wIh5HfYWChi64+x89+4Sa7QxAcDj/dmmJkXpFIYdN1vp7C1vbO7V9wvHRweHZ+UT8/aJsk04y2WyER3AzBcCsVbKFDybqo5xIHknWB8v/A7E66NSFQTpyn3YxgqEQkGaCW/qUEooYY0BIRBueJW3SXoJvFyUiE5GoPyVz9MWBZzhUyCMT3PTdGfgUbBJJ+X+pnhKbAxDHnPUgUxN/5sefScXlklpFGibSmkS/X3xAxiY6ZxYDtjwJFZ9xbif14vw+jWnwmVZsgVWy2KMkkxoYsEaCg0ZyinlgDTwt5K2Qg0MLQ5lWwI3vrLm6Rdq3pu1XusVep3eRxFckEuyTXxyA2pkwfSIC3CyBN5Jq/kzZk4L86787FqLTj5zDn5A+fzB45lkfA=</latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

Test data
<latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit><latexit sha1_base64="CL13TSGHTXX83KUz8wOKXVyvItw="></latexit>

X
<latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit><latexit sha1_base64="Mnn5HWu+ygj1D4Fwosd+kb7fTf4=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UrreyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgFhZ62f</latexit>

Y
<latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit><latexit sha1_base64="Ijxps2qGQ70n8PTgUyIHZ5ypbqc=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ip1SzqSnbWgmMyQZsQx9Arf6OD6Ia3fi1r3pRdBWPBD4+M+f5JzfjzhT2nFerbn5hcWl5dRKenVtfWMzk92qqDCWFMs05KGs+aCQM4FlzTTHWiQRAp9j1e9dDPvVe5SKheJW9yNsBNARrM0oaCOV7pqZnJN3RmXPgjuBHJlUsZm19rxWSOMAhaYclKq7TqQbCUjNKMdB2osVRkB70MG6QQEBqkYymnRg7xulZbdDaY7Q9kj9eSOBQKl+4BtnALqrpntD8a9ePdbts0bCRBRrFHT8UTvmtg7t4dp2i0mkmvcNAJXMzGrTLkig2oSTTnuXaJaReG0evolQgg7lYeKB7ATwMDDLdbyjIf1nZOLbaMjk6k6nOAuV47zr5N3SSa5wPkk4RXbILjkgLjklBXJFiqRMKEHySJ7Is/VivVnv1sfYOmdN7myTX2V9fgFjPq2g</latexit>

{x(train)
i , y(train)i }Ni=1

<latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit><latexit sha1_base64="IkvWnIqLalFkFacZq6rDBnk14rU="></latexit>

{x(test)
i , y(test)i }Mi=1

<latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit><latexit sha1_base64="Rt0+V5KCj2Y78VBccGBkmasR8BQ="></latexit>

Our training data did not cover the part of the distribution that was tested

(biased data) 

generalization error

60 Source: Isola, Torralba, Freeman



“Deep Neural Networks are Easily Fooled: High Confidence Predictions 
for Unrecognizable Images”


[Nguyen, Yosinski, and Clune, CVPR 2015]
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Source: Isola, Torralba, Freeman



“Deep Neural Networks are Easily Fooled: High Confidence Predictions 
for Unrecognizable Images”


[Nguyen, Yosinski, and Clune, CVPR 2015]
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Source: Isola, Torralba, Freeman



Adversarial noise

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“Ostrich”

[“Intriguing properties of neural networks”, Szegedy et al. 2014]

x
<latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit><latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit><latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit><latexit sha1_base64="iIx2huooH8yDERKBcKGwOp7TB2c="></latexit>

+

r
<latexit sha1_base64="zCgFdVy1DuTCvkya37zmzmweyM4="></latexit><latexit sha1_base64="zCgFdVy1DuTCvkya37zmzmweyM4="></latexit><latexit sha1_base64="zCgFdVy1DuTCvkya37zmzmweyM4="></latexit><latexit sha1_base64="zCgFdVy1DuTCvkya37zmzmweyM4="></latexit>

=

x+ r
<latexit sha1_base64="t8ghpNINH/hP8a2elhcesO6/KNY="></latexit><latexit sha1_base64="t8ghpNINH/hP8a2elhcesO6/KNY="></latexit><latexit sha1_base64="t8ghpNINH/hP8a2elhcesO6/KNY="></latexit><latexit sha1_base64="t8ghpNINH/hP8a2elhcesO6/KNY="></latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“School bus”y
<latexit sha1_base64="5NwURhlTSBMby31l7GHRGjtN8Hk="></latexit><latexit sha1_base64="5NwURhlTSBMby31l7GHRGjtN8Hk="></latexit><latexit sha1_base64="5NwURhlTSBMby31l7GHRGjtN8Hk="></latexit><latexit sha1_base64="5NwURhlTSBMby31l7GHRGjtN8Hk="></latexit>

argmax
r

p(y = ostrich|x+ r) subject to krk < ✏
<latexit sha1_base64="0knmbpcHcjWtoLbiIrOwjzF0O1U="></latexit><latexit sha1_base64="0knmbpcHcjWtoLbiIrOwjzF0O1U="></latexit><latexit sha1_base64="0knmbpcHcjWtoLbiIrOwjzF0O1U="></latexit><latexit sha1_base64="0knmbpcHcjWtoLbiIrOwjzF0O1U="></latexit>
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Source: Isola, Torralba, Freeman



Anything to worry about?
“NO Need to Worry about Adversarial Examples in Object Detection in 
Autonomous Vehicles”, Lu et al. 2017


(Early) 2017’s attacks fail on physical 
objects, since they are optimized to 
attack a single view!
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Source: Isola, Torralba, Freeman



Anything to worry about?

3D-printed turtle model classified as 
rifle from most viewpoints 

“Synthesizing Robust Adversarial Examples”, Athalye, Engstrom, Ilyas, 
Kwok, 2017


Later in 2017…
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Source: Isola, Torralba, Freeman



Adversarial examples

• Current deep models have bad worst-case performance


• Can be exploited by an adversary


• Few guarantees, can’t fully trust what the model’s output
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Source: Isola, Torralba, Freeman
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Problems of applying computer vision in practice



Mission-critical computer vision systems

Source: https://www.nytimes.com/2020/02/25/business/tesla-autopilot-ntsb.html, https://qz.com/1402843/watch-teslas-autopilot-see-the-streets-of-paris/ 
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https://www.nytimes.com/2020/02/25/business/tesla-autopilot-ntsb.html
https://qz.com/1402843/watch-teslas-autopilot-see-the-streets-of-paris/


https://www.nytimes.com/2018/02/09/technology/facial-recognition-race-artificial-intelligence.html

Social consequences
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Source: Isola, Torralba, Freeman



Algorithmic Bias

http://proceedings.mlr.press/v81/buolamwini18a/buolamwini18a.pdfhttp://gendershades.org/overview.html
70 Source: Isola, Torralba, Freeman



Algorithmic Bias
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[Liang, Perona, Balakrishnan, CVPR 2023]
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https://www.nytimes.com/2017/10/09/science/stanford-sexual-orientation-study.html 

Bad choice of data

https://www.nytimes.com/2017/10/09/science/stanford-sexual-orientation-study.html


Face recognition in the U.S.

https://www.vox.com/recode/2019/7/18/20698307/facial-recognition-technology-us-government-fight-for-the-future
Source: S. Lazebnik

https://www.vox.com/recode/2019/7/18/20698307/facial-recognition-technology-us-government-fight-for-the-future


Fears of universal mass surveillance (and dubious claims)

https://www.nytimes.com/2020/01/18/technology/clearview-privacy-facial-recognition.html
https://www.buzzfeednews.com/article/ryanmac/clearview-ai-nypd-facial-recognition

Source: S. Lazebnik

https://www.nytimes.com/2020/01/18/technology/clearview-privacy-facial-recognition.html
https://www.buzzfeednews.com/article/ryanmac/clearview-ai-nypd-facial-recognition


Face recognition in the U.S.

Wrongfully Accused by an Algorithm – New York Times, 6/24/2020
Source: S. Lazebnik

https://www.nytimes.com/2020/06/24/technology/facial-recognition-arrest.html


ImageNet: asset or liability?
• Performance on the basic ILSVRC benchmark has saturated


• Current models have reached levels of accuracy where the 
presence of human labeling error is starting to affect experimental 
conclusions (Beyer et al. 2020, Northcutt et al. 2021)

Figure source

Source: S. Lazebnik

https://arxiv.org/abs/2006.07159
https://arxiv.org/abs/2103.14749
https://www.embedded-vision.com/industry-analysis/blog/deep-learning-five-and-half-minutes


ImageNet labeling problems: ImageNet Roulette

K. Crawford and T. Paglen, Excavating AI: The Politics of Training Sets for Machine Learning, September 2019 https://
www.theverge.com/tldr/2019/9/16/20869538/imagenet-roulette-ai-classifier-web-tool-object-image-recognition

Source: S. Lazebnik

https://excavating.ai/
https://www.theverge.com/tldr/2019/9/16/20869538/imagenet-roulette-ai-classifier-web-tool-object-image-recognition
https://www.theverge.com/tldr/2019/9/16/20869538/imagenet-roulette-ai-classifier-web-tool-object-image-recognition
https://www.theverge.com/tldr/2019/9/16/20869538/imagenet-roulette-ai-classifier-web-tool-object-image-recognition


ImageNet Roulette

Image sourceSource: S. Lazebnik

https://twitter.com/katecrawford/status/1174277772237246469


Some things to worry about…

• Our datasets are often poorly labeled


• And usually biased


• ML methods may perform well on lab-collected data, but often 
generalize poorly to real-world data


• Can have negative social consequences
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Adapted from Isola, Torralba, Freeman



Open-ended discussion
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• Supervised vs. unsupervised learning?

• Other negative consequences of computer vision systems?

• What other biases might computer vision systems have?
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Thank you!


