
Lecture 6: Machine learning



• My office hours cancelled this week 
- Can do them by appointment instead 

• PS3 out tonight



Today

• Temporal filtering 
• Introduction to machine learning



Temporal filtering



Temporal filtering

Source: Freeman, Torralba, Isola



Videos

time

Source: Freeman, Torralba, Isola



Cube size = 128x128x90

Videos

Source: Freeman, Torralba, Isola



Videos

Cube size = 128x128x90

Source: Freeman, Torralba, Isola



Color amplification

[Wadhwa et al., Phase-based Video Motion Processing. SIGGRAPH 2013, Wu et al. SIGGRAPH 2012]



Original Motion magnified

Motion magnification

• Just spatial-temporal filtering! 
• You’ll do a simplified version in PS3

[Wu et al., SIGGRAPH 2012]



[Wadhwa et al., SIGGRAPH 2013]

Original Motion magnified



Machine learning



Last week: hole filling

Source: A. Efros



Source: A. Efros



[Hays and Efros. Scene Completion Using Millions of Photographs. SIGGRAPH 2007.] Source: A. Efros



2 Million Flickr Images

Source: A. Efros



… 200 total
Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



Source: A. Efros



… 200 scene matches

Source: A. Efros





Source: A. Efros



Source: A. Efros



Source: A. Efros



Why does it work?

Source: A. Efros



Source: A. Efros



Nearest neighbors from a 
collection of 20 thousand images Source: A. Efros



Nearest neighbors from a 
collection of 2 million images Source: A. Efros



“Unreasonable Effectiveness of Data”

Parts of our world can be explained by elegant 
mathematics 
  physics, chemistry, astronomy, etc. 

But much cannot 
  psychology, economics, genetics, etc. 

Enter The Data! 

[Halevy, Norvig, Pereira 2009] 

“For many tasks, once we have a 
billion or so examples, we essentially 
have a closed set that represents (or at 
least approximates) what we need…”

Source: A. Efros



Data
<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit> Model

<latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit>

L
ea
rn
in
g

<latexit sha1_base64="AwOIRfCccWVyR4x1aAqr8RfF8Mo="></latexit><latexit sha1_base64="AwOIRfCccWVyR4x1aAqr8RfF8Mo="></latexit><latexit sha1_base64="AwOIRfCccWVyR4x1aAqr8RfF8Mo="></latexit><latexit sha1_base64="AwOIRfCccWVyR4x1aAqr8RfF8Mo="></latexit>

Input
<latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit>

Output
<latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Model
<latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit><latexit sha1_base64="2n+S0Mk9S6VFNOZgNLwOxTWOa5g=">AAACP3icfZDNSgMxFIUz/tb6W126GayCiJSZbnQp6sJNsYJthU6RO+ltDWaSIcmIZegzuNXH8TF8Anfi1p2ZdgSt4oXAx7knyb0njDnTxvNenKnpmdm5+cJCcXFpeWV1rbTe1DJRFBtUcqmuQtDImcCGYYbjVawQopBjK7w9yfqtO1SaSXFpBjF2IugL1mMUjJUaNdlFfr1W9ireqNzf4OdQJnnVr0vOdtCVNIlQGMpB67bvxaaTgjKMchwWg0RjDPQW+ti2KCBC3UlH0w7dHat03Z5U9gjjjtTvN1KItB5EoXVGYG70ZC8T/+q1E9M77KRMxIlBQccf9RLuGulmq7tdppAaPrAAVDE7q0tvQAE1NqBiMThFu4zCmn34PEYFRqq9NADVj+B+aJfrB/sZ/Wdk4stoyebqT6b4G5rViu9V/Itq+eg4T7hANskW2SU+OSBH5IzUSYNQwsgDeSRPzrPz6rw572PrlJPf2SA/yvn4BOoJr14=</latexit>

In
fe
re
n
ce

<latexit sha1_base64="iiNRTS67hHhDz1h6SkhFpcVLeHE="></latexit><latexit sha1_base64="iiNRTS67hHhDz1h6SkhFpcVLeHE="></latexit><latexit sha1_base64="iiNRTS67hHhDz1h6SkhFpcVLeHE="></latexit><latexit sha1_base64="iiNRTS67hHhDz1h6SkhFpcVLeHE="></latexit>

ML intro slides from: Isola, Torralba, Freeman



2 ☆ 3 = 36

7 ☆ 1 = 49

5 ☆ 2 = 100

2 ☆ 2 = 16

What does ☆ do?

Source: Isola, Torralba, Freeman



T
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in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Your
<latexit sha1_base64="kJqgykwRSRGEk+8hVff/aIejyis=">AAAB63icbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9iHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMOwttPRA4nHPvzb0nTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWLa8Fg92FnCAknGikecEptLj27OsFrz6t4CeJ34BalBgdaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItd5/jCKSMcxdo9ZfFC/d2REWnMTIauUhI7MateLv7n9VMbXQcZV0lqmaLLj6JUYBvj/HA84ppRK2aOEKq52xXTCdGEWhdPxYXgr568TjqNuu/V/ftGrXlTxFGGMziHS/DhCppwBy1oA4UJPMMrvCGJXtA7+liWllDRcwp/gD5/AC4yjk8=</latexit><latexit sha1_base64="kJqgykwRSRGEk+8hVff/aIejyis=">AAAB63icbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9iHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMOwttPRA4nHPvzb0nTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWLa8Fg92FnCAknGikecEptLj27OsFrz6t4CeJ34BalBgdaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItd5/jCKSMcxdo9ZfFC/d2REWnMTIauUhI7MateLv7n9VMbXQcZV0lqmaLLj6JUYBvj/HA84ppRK2aOEKq52xXTCdGEWhdPxYXgr568TjqNuu/V/ftGrXlTxFGGMziHS/DhCppwBy1oA4UJPMMrvCGJXtA7+liWllDRcwp/gD5/AC4yjk8=</latexit><latexit sha1_base64="kJqgykwRSRGEk+8hVff/aIejyis=">AAAB63icbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9iHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMOwttPRA4nHPvzb0nTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWLa8Fg92FnCAknGikecEptLj27OsFrz6t4CeJ34BalBgdaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItd5/jCKSMcxdo9ZfFC/d2REWnMTIauUhI7MateLv7n9VMbXQcZV0lqmaLLj6JUYBvj/HA84ppRK2aOEKq52xXTCdGEWhdPxYXgr568TjqNuu/V/ftGrXlTxFGGMziHS/DhCppwBy1oA4UJPMMrvCGJXtA7+liWllDRcwp/gD5/AC4yjk8=</latexit><latexit sha1_base64="kJqgykwRSRGEk+8hVff/aIejyis=">AAAB63icbVDLSgMxFL2pr1pfVZdugkVwVWa60WXRjcsK9iHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMOwttPRA4nHPvzb0nTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWLa8Fg92FnCAknGikecEptLj27OsFrz6t4CeJ34BalBgdaw+jUYxTSVTFkqiDF930tskBFtORVsXhmkhiWETsmY9R1VRDITZItd5/jCKSMcxdo9ZfFC/d2REWnMTIauUhI7MateLv7n9VMbXQcZV0lqmaLLj6JUYBvj/HA84ppRK2aOEKq52xXTCdGEWhdPxYXgr568TjqNuu/V/ftGrXlTxFGGMziHS/DhCppwBy1oA4UJPMMrvCGJXtA7+liWllDRcwp/gD5/AC4yjk8=</latexit>

brain
<latexit sha1_base64="gJ15WzHQNLkj2hfMOW5n4stv3GE=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5Ej04hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJDzUValituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzyuDzPCUsikd876lisbcBPny2Dm5ssqIRIm2pZAs1d8TOY2NmcWh7YwpTsy6txD/8/oZRs0gFyrNkCu2WhRlkmBCFp+TkdCcoZxZQpkW9lbCJlRThjafig3BW395k3Qadc+tew+NWuu2iKMMF3AJ1+DBDbTgHtrgAwMBz/AKb45yXpx352PVWnKKmXP4A+fzB+G7jrY=</latexit><latexit sha1_base64="gJ15WzHQNLkj2hfMOW5n4stv3GE=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5Ej04hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJDzUValituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzyuDzPCUsikd876lisbcBPny2Dm5ssqIRIm2pZAs1d8TOY2NmcWh7YwpTsy6txD/8/oZRs0gFyrNkCu2WhRlkmBCFp+TkdCcoZxZQpkW9lbCJlRThjafig3BW395k3Qadc+tew+NWuu2iKMMF3AJ1+DBDbTgHtrgAwMBz/AKb45yXpx352PVWnKKmXP4A+fzB+G7jrY=</latexit><latexit sha1_base64="gJ15WzHQNLkj2hfMOW5n4stv3GE=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5Ej04hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJDzUValituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzyuDzPCUsikd876lisbcBPny2Dm5ssqIRIm2pZAs1d8TOY2NmcWh7YwpTsy6txD/8/oZRs0gFyrNkCu2WhRlkmBCFp+TkdCcoZxZQpkW9lbCJlRThjafig3BW395k3Qadc+tew+NWuu2iKMMF3AJ1+DBDbTgHtrgAwMBz/AKb45yXpx352PVWnKKmXP4A+fzB+G7jrY=</latexit><latexit sha1_base64="gJ15WzHQNLkj2hfMOW5n4stv3GE=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRmLiibRc5Ej04hETCyTQkO2yhQ3bbbM7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemEph0HW/ndLW9s7uXnm/cnB4dHxSPT3rmCTTjPsskYnuhdRwKRT3UaDkvVRzGoeSd8Pp3cLvPnFtRKIecZbyIKZjJSLBKFrJDzUValituXV3CbJJvILUoEB7WP0ajBKWxVwhk9SYvuemGORUo2CSzyuDzPCUsikd876lisbcBPny2Dm5ssqIRIm2pZAs1d8TOY2NmcWh7YwpTsy6txD/8/oZRs0gFyrNkCu2WhRlkmBCFp+TkdCcoZxZQpkW9lbCJlRThjafig3BW395k3Qadc+tew+NWuu2iKMMF3AJ1+DBDbTgHtrgAwMBz/AKb45yXpx352PVWnKKmXP4A+fzB+G7jrY=</latexit>

2 ☆ 3 = 36

7 ☆ 1 = 49

5 ☆ 2 = 100
2 ☆ 2 = 16

x
<latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit> y ! (xy)2

<latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit>

☆

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

T
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g

<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

x
<latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit> y ! (xy)2

<latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit><latexit sha1_base64="lNeXJV1V75SDVZ47LU5CoaBznac="></latexit>

☆3 ☆ 5 !
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

225

Source: Isola, Torralba, Freeman



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</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>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

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>

Learning from examples 
(aka supervised learning)

{input:[2, 3], output:36}
{input:[7, 1], output:49}
{input:[5, 2], output:100}
{input:[2, 2], output:16}

<latexit sha1_base64="Uaajd39MLaWtpO+GbN6wAKKMl0U="></latexit><latexit sha1_base64="Uaajd39MLaWtpO+GbN6wAKKMl0U="></latexit><latexit sha1_base64="Uaajd39MLaWtpO+GbN6wAKKMl0U="></latexit><latexit sha1_base64="Uaajd39MLaWtpO+GbN6wAKKMl0U="></latexit>

Source: Isola, Torralba, Freeman



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

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>

Learning from examples 

{x1, y1}
{x2, y2}
{x3, y3}

<latexit sha1_base64="ZCDmC6LOUXYJj7IycvrmiDx6pks="></latexit><latexit sha1_base64="ZCDmC6LOUXYJj7IycvrmiDx6pks="></latexit><latexit sha1_base64="ZCDmC6LOUXYJj7IycvrmiDx6pks="></latexit><latexit sha1_base64="ZCDmC6LOUXYJj7IycvrmiDx6pks="></latexit>

· · ·<latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit><latexit sha1_base64="RfCl7LRjDTF2wV2QrwMv2geHxdE=">AAACQHicfZDLSgMxFIYzXmu969LNYBVEpMyIoEtRF27ECrYKnSJn0tMazSRDckYsQ9/BrT6Ob+EbuBO3rkxrBW94IPDxnz/JOX+cSmEpCJ68oeGR0bHxwkRxcmp6ZnZufqFmdWY4VrmW2pzHYFEKhVUSJPE8NQhJLPEsvt7v9c9u0Fih1Sl1Umwk0FaiJTiQk2oRb2qyF3OloBz0y/8N4QBKbFCVi3lvJWpqniWoiEuwth4GKTVyMCS4xG4xyiymwK+hjXWHChK0jbw/btdfdUrTb2njjiK/r369kUNibSeJnTMBurQ/ez3xr149o9ZOIxcqzQgV//iolUmftN/b3W8Kg5xkxwFwI9ysPr8EA5xcQsVidIBuGYNH7uHjFA2QNut5BKadwG3XLdeONnr0n1GoT6Mjl2v4M8XfUNssh0E5PNkq7e4NEi6wJbbM1ljIttkuO2QVVmWcXbE7ds8evEfv2XvxXj+sQ97gziL7Vt7bOwxmr/I=</latexit>

f : X ! Y
<latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit>

(aka supervised learning)

Source: Isola, Torralba, Freeman



n o
,

n o
,

…

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

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>

f : X ! Y
<latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit><latexit sha1_base64="HYPSq+DctLdg9hrnUlynFDqraoE="></latexit>

X
<latexit sha1_base64="KZL93tMTh/ln9weYZeyY6x4CP7A="></latexit><latexit sha1_base64="KZL93tMTh/ln9weYZeyY6x4CP7A="></latexit><latexit sha1_base64="KZL93tMTh/ln9weYZeyY6x4CP7A="></latexit><latexit sha1_base64="KZL93tMTh/ln9weYZeyY6x4CP7A="></latexit>

Y
<latexit sha1_base64="5r51H/QURXYIVRE5Sd9AChJC8vo="></latexit><latexit sha1_base64="5r51H/QURXYIVRE5Sd9AChJC8vo="></latexit><latexit sha1_base64="5r51H/QURXYIVRE5Sd9AChJC8vo="></latexit><latexit sha1_base64="5r51H/QURXYIVRE5Sd9AChJC8vo="></latexit>

Learning from examples 
(aka supervised learning)

Source: Isola, Torralba, Freeman



Case study #1: Linear least squares

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>

?

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

x0
<latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit>

y0
<latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit>

Test query
<latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></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
<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>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

Hypothesis space 
The relationship between X and Y is roughly linear:

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</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>

f✓(x) = ✓1x+ ✓0
<latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit>

y ⇡ ✓1x+ ✓0
<latexit sha1_base64="Ti5xA6qb7AJNT2tIzxYKoe5E93g="></latexit><latexit sha1_base64="Ti5xA6qb7AJNT2tIzxYKoe5E93g="></latexit><latexit sha1_base64="Ti5xA6qb7AJNT2tIzxYKoe5E93g="></latexit><latexit sha1_base64="Ti5xA6qb7AJNT2tIzxYKoe5E93g="></latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

Search for the parameters,                  ,

that best fit the data.

Best fit in what sense?

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>

f✓(x) = ✓1x+ ✓0
<latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit>

✓ = {✓0, ✓1}
<latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Best fit in what sense?

Search for the parameters,                  ,

that best fit the data.

f✓(x) = ✓1x+ ✓0
<latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit>

✓ = {✓0, ✓1}
<latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit>

The least-squares objective (aka loss) says the 
best fit is the function that minimizes the squared 
error between predictions and target values:

ŷ ⌘ f✓(x)
<latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit>

L(ŷ, y) = (ŷ � y)2
<latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Best fit in what sense?

Search for the parameters,                  ,

that best fit the data.

f✓(x) = ✓1x+ ✓0
<latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit><latexit sha1_base64="+MN4mTf+scjfRxUWf+Ewv237V4o="></latexit>

✓ = {✓0, ✓1}
<latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit><latexit sha1_base64="0131Mtf9+7obUg8JOrea2LHGLs0="></latexit>

The least-squares objective (aka loss) says the 
best fit is the function that minimizes the squared 
error between predictions and target values:

ŷ ⌘ f✓(x)
<latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit><latexit sha1_base64="SvjEUg79BFAlBWEXrNRbNCE28VM="></latexit>

L(ŷ, y) = (ŷ � y)2
<latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit><latexit sha1_base64="qWFJCZpZOwcsD/dSCBFOuyLU2ks="></latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

Complete learning problem:

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>

✓⇤ = argmin
✓

NX

i=1

(f✓(xi)� yi)
2

= argmin
✓

NX

i=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit>

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>

?

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

x0
<latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit>

y0
<latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit><latexit sha1_base64="J5tCVe65R/NG2e0K+dk3bsyj1XU="></latexit>

Test query
<latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></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
<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>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

x0
<latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit>

Test query
<latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></latexit><latexit sha1_base64="z/h6CaxhHcyP9qJIHYEUP/a4Y5s="></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
<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>

f✓
<latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit>

ŷ0
<latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit>

x0
<latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit><latexit sha1_base64="XDE1P/H/MC7FBNiYYNJFlfKaWRI="></latexit>

f✓
<latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit>

ŷ0
<latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit><latexit sha1_base64="jnWsnhJPudwrhDuZhzQd9/+phPE="></latexit>

Source: Isola, Torralba, Freeman



Follows from two modeling assumptions 
1. Observed Y’s are corrupted by Gaussian noise:

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

Why is squared error a good objective?

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>

✏ ⇠ N (0,�)
<latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit>

✏ = Y � f✓(X)
<latexit sha1_base64="hy2TObK0kYCLjRoWqLaGamS2ggg="></latexit><latexit sha1_base64="hy2TObK0kYCLjRoWqLaGamS2ggg="></latexit><latexit sha1_base64="hy2TObK0kYCLjRoWqLaGamS2ggg="></latexit><latexit sha1_base64="hy2TObK0kYCLjRoWqLaGamS2ggg="></latexit>

Y ⇡ f✓(X)
<latexit sha1_base64="cogng2GueiOId3P7GhnCPHjIMc4="></latexit><latexit sha1_base64="cogng2GueiOId3P7GhnCPHjIMc4="></latexit><latexit sha1_base64="cogng2GueiOId3P7GhnCPHjIMc4="></latexit><latexit sha1_base64="cogng2GueiOId3P7GhnCPHjIMc4="></latexit>

Y = f✓(X) + ✏
<latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit>

2. Training datapoints are independently and 
identically distributed (iid):

P✓(Y = y|X = x) / exp
�(y � f✓(x))2

2�2
<latexit sha1_base64="pOyXc4RXTqMh29Wx7UjmEuXgdZU="></latexit><latexit sha1_base64="pOyXc4RXTqMh29Wx7UjmEuXgdZU="></latexit><latexit sha1_base64="pOyXc4RXTqMh29Wx7UjmEuXgdZU="></latexit><latexit sha1_base64="pOyXc4RXTqMh29Wx7UjmEuXgdZU="></latexit>

P✓({yi}Ni=1|{xi}Ni=1) =
NY

i=1

P✓(yi|xi)
<latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit>

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Why is squared error a good objective?
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Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

x
<latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit><latexit sha1_base64="9NEoze40rC7bmnW5903lOYwWg/E=">AAACO3icfZDLSgMxFIYzXmu9tbp0M1gFESkzIuiyqAs3Ygv2Ap1SzqSnbWgmMyQZaRn6BG71cXwQ1+7ErXvTi6CteCDw8Z8/yTm/H3GmtOO8WguLS8srq6m19PrG5tZ2JrtTUWEsKZZpyENZ80EhZwLLmmmOtUgiBD7Hqt+7GvWrDygVC8W9HkTYCKAjWJtR0EYq9ZuZnJN3xmXPgzuFHJlWsZm1DrxWSOMAhaYclKq7TqQbCUjNKMdh2osVRkB70MG6QQEBqkYynnRoHxqlZbdDaY7Q9lj9eSOBQKlB4BtnALqrZnsj8a9ePdbti0bCRBRrFHTyUTvmtg7t0dp2i0mkmg8MAJXMzGrTLkig2oSTTnvXaJaReGsevotQgg7lceKB7ATQH5rlOt7JiP4zMvFtNGRydWdTnIfKad518m7pLFe4nCacIntknxwRl5yTArkhRVImlCB5JE/k2Xqx3qx362NiXbCmd3bJr7I+vwCcR62/</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

This is called the maximum likelihood estimator of θ.

Why is squared error a good objective?

Under the assumption that the data is distributed as:

✏ ⇠ N (0,�)
<latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit><latexit sha1_base64="GK4iwkNASVaD3cDm5gea3nJVNNA="></latexit>

Y = f✓(X) + ✏
<latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit><latexit sha1_base64="srv6mSDl6nRS7LOYlAEZtVNHDuQ="></latexit>
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<latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit><latexit sha1_base64="olLqshsCnV+6tUvKE03WL8EaAKo="></latexit>

The most probable estimate of θ is:
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Source: Isola, Torralba, Freeman



How to minimize the objective w.r.t. θ?

We’ll use methods from optimization. 

✓⇤ = argmin
✓

NX

i=1

(f✓(xi)� yi)
2

= argmin
✓

NX

i=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit>

Source: Isola, Torralba, Freeman



How to minimize the objective w.r.t. θ?

XTX✓⇤ = XTy
<latexit sha1_base64="ofbKYTdL0ZGH4bqn82mnzyc5wzM="></latexit><latexit sha1_base64="ofbKYTdL0ZGH4bqn82mnzyc5wzM="></latexit><latexit sha1_base64="ofbKYTdL0ZGH4bqn82mnzyc5wzM="></latexit><latexit sha1_base64="ofbKYTdL0ZGH4bqn82mnzyc5wzM="></latexit>

2(XTX✓⇤ �XTy) = 0
<latexit sha1_base64="q0hj5hj3O9c4PGED5NKOTCm+Ps8="></latexit><latexit sha1_base64="q0hj5hj3O9c4PGED5NKOTCm+Ps8="></latexit><latexit sha1_base64="q0hj5hj3O9c4PGED5NKOTCm+Ps8="></latexit><latexit sha1_base64="q0hj5hj3O9c4PGED5NKOTCm+Ps8="></latexit>

In the linear case:

X =

0

BBB@

x1 1
x2 1
...

...
xN 1

1

CCCA

<latexit sha1_base64="sKeefxDZza4aHEMFBz5VaL9ENDo="></latexit><latexit sha1_base64="sKeefxDZza4aHEMFBz5VaL9ENDo="></latexit><latexit sha1_base64="sKeefxDZza4aHEMFBz5VaL9ENDo="></latexit><latexit sha1_base64="sKeefxDZza4aHEMFBz5VaL9ENDo="></latexit>

y =

0

BBB@

y1
y2
...
yN

1

CCCA

<latexit sha1_base64="yrNXrNzGd2BJ+QlWZdsGbo2oO4A="></latexit><latexit sha1_base64="yrNXrNzGd2BJ+QlWZdsGbo2oO4A="></latexit><latexit sha1_base64="yrNXrNzGd2BJ+QlWZdsGbo2oO4A="></latexit><latexit sha1_base64="yrNXrNzGd2BJ+QlWZdsGbo2oO4A="></latexit>

✓ =
�
✓1 ✓0

�
<latexit sha1_base64="18FbVa5DLHPucjrBpPD60UWhbvw="></latexit><latexit sha1_base64="18FbVa5DLHPucjrBpPD60UWhbvw="></latexit><latexit sha1_base64="18FbVa5DLHPucjrBpPD60UWhbvw="></latexit><latexit sha1_base64="18FbVa5DLHPucjrBpPD60UWhbvw="></latexit>

✓⇤ = argmin
✓

NX

i=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit>

Learning problem

✓⇤ = (XTX)�1XTy
<latexit sha1_base64="UnXOlGmEBOSrblVDt53QkoJr8e0="></latexit><latexit sha1_base64="UnXOlGmEBOSrblVDt53QkoJr8e0="></latexit><latexit sha1_base64="UnXOlGmEBOSrblVDt53QkoJr8e0="></latexit><latexit sha1_base64="UnXOlGmEBOSrblVDt53QkoJr8e0="></latexit>

Solution

E(✓) =
NX

i=1

(✓1xi + ✓0 � yi)
2

= (y �X✓)T (y �X✓)
<latexit sha1_base64="ytT2gFeCtPV9/ESP622DHqoK4Tg="></latexit><latexit sha1_base64="ytT2gFeCtPV9/ESP622DHqoK4Tg="></latexit><latexit sha1_base64="ytT2gFeCtPV9/ESP622DHqoK4Tg="></latexit><latexit sha1_base64="ytT2gFeCtPV9/ESP622DHqoK4Tg="></latexit>

@J(✓)

@✓
= 2(XTX✓ �XTy)

<latexit sha1_base64="FoAcHYyBNV1GuRBar2durfp0kSk="></latexit><latexit sha1_base64="FoAcHYyBNV1GuRBar2durfp0kSk="></latexit><latexit sha1_base64="FoAcHYyBNV1GuRBar2durfp0kSk="></latexit><latexit sha1_base64="FoAcHYyBNV1GuRBar2durfp0kSk="></latexit>

✓⇤ = argmin
✓

J(✓)
<latexit sha1_base64="KgdPbmdX3Vl8LKpHVjq8duO/5ag="></latexit><latexit sha1_base64="KgdPbmdX3Vl8LKpHVjq8duO/5ag="></latexit><latexit sha1_base64="KgdPbmdX3Vl8LKpHVjq8duO/5ag="></latexit><latexit sha1_base64="KgdPbmdX3Vl8LKpHVjq8duO/5ag="></latexit>

J(✓) =
NX

I=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="B6ruOQq0XLxSmWl0Kwpy4uPim6s="></latexit><latexit sha1_base64="B6ruOQq0XLxSmWl0Kwpy4uPim6s="></latexit><latexit sha1_base64="B6ruOQq0XLxSmWl0Kwpy4uPim6s="></latexit><latexit sha1_base64="B6ruOQq0XLxSmWl0Kwpy4uPim6s="></latexit>

@J(✓)

@✓
= 0

<latexit sha1_base64="X6sfZHLQ5u81ku28t6sScb8BXOs="></latexit><latexit sha1_base64="X6sfZHLQ5u81ku28t6sScb8BXOs="></latexit><latexit sha1_base64="X6sfZHLQ5u81ku28t6sScb8BXOs="></latexit><latexit sha1_base64="X6sfZHLQ5u81ku28t6sScb8BXOs="></latexit>

Source: Isola, Torralba, Freeman



Empirical Risk Minimization 
(formalization of supervised learning)

✓⇤ = argmin
✓

NX

i=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit><latexit sha1_base64="5Cxg2S6T/+bAoezw+/hoswhJgjQ="></latexit>

Linear least squares learning problem

Source: Isola, Torralba, Freeman



Empirical Risk Minimization 
(formalization of supervised learning)

Objective function 
(loss)

Hypothesis space
Training data

f⇤ = argmin
f2F

NX

i=1

L(f(xi),yi)
<latexit sha1_base64="HYfhYNvx6IjJUpKgQFlemVmfo8w="></latexit><latexit sha1_base64="HYfhYNvx6IjJUpKgQFlemVmfo8w="></latexit><latexit sha1_base64="HYfhYNvx6IjJUpKgQFlemVmfo8w="></latexit><latexit sha1_base64="HYfhYNvx6IjJUpKgQFlemVmfo8w="></latexit>

Source: Isola, Torralba, Freeman



Input
<latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit>

Output
<latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
es
ti
n
g

<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

f✓
<latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit><latexit sha1_base64="pCjTSWPDCBhEJMXJ9CbkDuCmNdw="></latexit>

Example 1: Linear least squares
Data

<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Source: Isola, Torralba, Freeman



Input
<latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit>

Output
<latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
es
ti
n
g

<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Example 2: Program induction
Data

<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit>

Source: Isola, Torralba, Freeman



Input
<latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit><latexit sha1_base64="k9+01y7DajVtuIENvXGFFqI2A6U=">AAAB7HicbVBNT8JAFHzFL8Qv1KOXjcTEE2m56JHoRW+YWCCBhmyXV9iw3Ta7WxNC+A1ePGiMV3+QN/+NW+hBwUk2mcy8l30zYSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJWyeZYuizRCSqG1KNgkv0DTcCu6lCGocCO+HkNvc7T6g0T+SjmaYYxHQkecQZNVby72WamUG15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmmBGleFM4LzSzzSmlE3oCHuWShqjDmaLY+fkwipDEiXKPmnIQv29MaOx1tM4tJMxNWO96uXif14vM9F1MON5IpRs+VGUCWISkicnQ66QGTG1hDLF7a2EjamizNh+KrYEbzXyOmk36p5b9x4ateZNUUcZzuAcLsGDK2jCHbTABwYcnuEV3hzpvDjvzsdytOQUO6fwB87nD+eFjro=</latexit>

Output
<latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit><latexit sha1_base64="iMYweqGG1TFgFYQWsrv+g45UtdI=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFclZludFl0484K9gHtUDJppo3NJENyRyil/+DGhSJu/R93/o1pOwttPRA4nHMvuedEqRQWff/bW1vf2NzaLuwUd/f2Dw5LR8dNqzPDeINpqU07opZLoXgDBUreTg2nSSR5KxrdzPzWEzdWaPWA45SHCR0oEQtG0UnNuwzTDHulsl/x5yCrJMhJGXLUe6Wvbl+zLOEKmaTWdgI/xXBCDQom+bTYzSxPKRvRAe84qmjCbTiZXzsl507pk1gb9xSSufp7Y0ITa8dJ5CYTikO77M3E/7xOhvFVOBHKJeKKLT6KM0lQk1l00heGM5RjRygzwt1K2JAaytAVVHQlBMuRV0mzWgn8SnBfLdeu8zoKcApncAEBXEINbqEODWDwCM/wCm+e9l68d+9jMbrm5Tsn8Afe5w/SUY9F</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

T
es
ti
n
g

<latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit><latexit sha1_base64="kx4zJeAndiDGWHbUkuboN03E73A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tDoNgFe7SaBm0sYyQL0iOsLeZJEv29o7dOSEc+RE2ForY+nvs/Ddukis08cHA470ZZuaFiRSGPO/bKWxt7+zuFfdLB4dHxyfl07O2iVPNscVjGetuyAxKobBFgiR2E40sCiV2wun9wu88oTYiVk2aJRhEbKzESHBGVuo00ZBQ40G54lW9JdxN4uekAjkag/JXfxjzNEJFXDJjer6XUJAxTYJLnJf6qcGE8SkbY89SxSI0QbY8d+5eWWXojmJtS5G7VH9PZCwyZhaFtjNiNDHr3kL8z+ulNLoNMqGSlFDx1aJRKl2K3cXv7lBo5CRnljCuhb3V5ROmGSebUMmG4K+/vEnatarvVf3HWqV+l8dRhAu4hGvw4Qbq8AANaAGHKTzDK7w5ifPivDsfq9aCk8+cwx84nz9uS4+c</latexit>

T
ra
in
in
g

<latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit><latexit sha1_base64="TRc/X31uf+rkNQ2GCCLPpvHdBuU=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoYxkhX5AcYW+zlyzZ2zt354Rw5E/YWChi69+x89+4Sa7QxAcDj/dmmJkXJFIYdN1vp7C1vbO7V9wvHRweHZ+UT886Jk41420Wy1j3Amq4FIq3UaDkvURzGgWSd4Pp3cLvPnFtRKxaOEu4H9GxEqFgFK3Ua2kqlFDjYbniVt0lyCbxclKBHM1h+WswilkacYVMUmP6npugn1GNgkk+Lw1SwxPKpnTM+5YqGnHjZ8t75+TKKiMSxtqWQrJUf09kNDJmFgW2M6I4MeveQvzP66cY1v1MqCRFrthqUZhKgjFZPE9GQnOGcmYJZVrYWwmbUE0Z2ohKNgRv/eVN0qlVPbfqPdQqjds8jiJcwCVcgwc30IB7aEIbGEh4hld4cx6dF+fd+Vi1Fpx85hz+wPn8ASR0kAQ=</latexit>

Example 3: Deep learning
Data

<latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit><latexit sha1_base64="3/OWiD301SHwhO604bDP4nISd+o=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ5lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NSZuDtj4YeLw3w8y8IBbcWNf9dkobm1vbO+Xdyt7+weFR9fikY6JEU9amkYh0L0DDBFesbbkVrBdrhjIQrBtMb3O/+8S04ZF6tLOY+RLHioecos2lO7Q4rNbcursAWSdeQWpQoDWsfg1GEU0kU5YKNKbvubH1U9SWU8HmlUFiWIx0imPWz6hCyYyfLm6dk4tMGZEw0lkpSxbq74kUpTEzGWSdEu3ErHq5+J/XT2x47adcxYllii4XhYkgNiL542TENaNWzDKCVPPsVkInqJHaLJ5KFoK3+vI66TTqnlv3Hhq15k0RRxnO4BwuwYMraMI9tKANFCbwDK/w5kjnxXl3PpatJaeYOYU/cD5/AN1zjho=</latexit>
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Source: Isola, Torralba, Freeman



Learning for vision
Questions: 

1. How do you represent the input and output? 

2. What is the objective? 

3. What is the hypothesis space? (e.g., linear, polynomial, neural net?) 

4. How do you optimize? (e.g., gradient descent, Newton’s method?) 

5. What data do you train on?
Source: Isola, Torralba, Freeman
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1. How do you represent the input and output? 

2. What is the objective? 

3. What is the hypothesis space? (e.g., linear, polynomial, neural net?) 

4. How do you optimize? (e.g., gradient descent, Newton’s method?) 

5. What data do you train on?
Source: Isola, Torralba, Freeman
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<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>

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

Training data

n o
,

n o
,

n o
,

…

x

“Fish”

“Grizzly”

“Chameleon”

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

argmin
f2F

NX

i=1

L(f(xi), yi)
<latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit>

Source: Isola, Torralba, Freeman



How to represent class labels?

Training data

n o
,

n o
,

n o
,

…

x

“Fish”

“Grizzly”

“Chameleon”

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

Training data

n o
,

n o
,

n o
,

…

x

1

2

3

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

One-hot vector

Training data

n o
,

n o
,

n o
,

…
x y

[0,0,1]

[0,1,0]

[1,0,0]

Source: Isola, Torralba, Freeman



What should the loss be?

0-1 loss (number of misclassifications)

L(ŷ,y) = (ŷ = y)
<latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit>

discrete; hard to optimize!

continuous,  
differentiable, 
convex

Cross entropy

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit>

L(ŷ,y) = (ŷ = y)
<latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit>

Source: Isola, Torralba, Freeman



Ground truth label y

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

[0,0,0,0,0,1,0,0,…]

Source: Isola, Torralba, Freeman



Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1
Source: Isola, Torralba, Freeman



Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1

…

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>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Source: Isola, Torralba, Freeman



Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1

…

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>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Loss

0 1

�
<latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit>

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit>

Source: Isola, Torralba, Freeman
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dolphin
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x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1 0 1 0 1

�
<latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</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>

Prediction ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

Ground truth label y

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Loss
H(y, ŷ) = �

KX

k=1

yk log ŷk
<latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit>

Source: Isola, Torralba, Freeman



Softmax regression (a.k.a. multinomial logistic regression)

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

ŷ = softmax(z)
<latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit>

logits: vector of K scores, one for each classz = f✓(x)
<latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit>

squash into a non-negative vector that sums to 1 
— i.e. a probability mass function!

dolphin
cat

grizzly bear
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iguana
elephant

clown fish

0 1

… …
ŷ =

<latexit sha1_base64="FILLnQAxOWLtuyqvj1m4Z9Tc54A="></latexit><latexit sha1_base64="FILLnQAxOWLtuyqvj1m4Z9Tc54A="></latexit><latexit sha1_base64="FILLnQAxOWLtuyqvj1m4Z9Tc54A="></latexit><latexit sha1_base64="FILLnQAxOWLtuyqvj1m4Z9Tc54A="></latexit>

Source: Isola, Torralba, Freeman

ŷj =
ezj

PK
k=1 e

zj
<latexit sha1_base64="a/gZvDwFcDI8W8ZxGQcw5AULazM=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIF3QhFN4KbCvYBTRom00k77eTBzESoQ/7Djb/ixoUirgQX/o3TNoK2HrhwOOde7r3HTxgV0rK+jIXFpeWV1cJacX1jc2vb3NltiDjlmNRxzGLe8pEgjEakLqlkpJVwgkKfkaY/vBz7zTvCBY2jWzlKiBuiXkQDipHUkmdWnD6SapR5A3gOnYAjrEhH3XuDLFOOSENPDbVhZ51r+KN7ZskqWxPAeWLnpARy1Dzzw+nGOA1JJDFDQrRtK5GuQlxSzEhWdFJBEoSHqEfamkYoJMJVk98yeKiVLgxiriuScKL+nlAoFGIU+rozRLIvZr2x+J/XTmVw5ioaJakkEZ4uClIGZQzHQcEu5QRLNtIEYU71rRD3kQ5I6jiLOgR79uV50qiU7eOydXNSql7kcRTAPjgAR8AGp6AKrkAN1AEGD+AJvIBX49F4Nt6M92nrgpHP7IE/MD6/AZhqob8=</latexit>



Softmax regression (a.k.a. multinomial logistic regression)

ŷ ⌘ [P✓(Y = 1|X = x), . . . , P✓(Y = K|X = x)]
<latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit><latexit sha1_base64="FLIao99Qz6GVvosm3Rj3LoAyQPE="></latexit>

predicted probability of 
each class given input x

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

maximum likelihood

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit>

picks out the -log likelihood 
of the ground truth class 
under the model prediction ŷ

<latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit><latexit sha1_base64="eAq0gZs1CrkHzhdK4Yaap7+ZT54="></latexit>

y
<latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit><latexit sha1_base64="jakeceKd7YQr7mP2FD8kA6r2jpA="></latexit>

Probabilistic interpretation: 

Source: Isola, Torralba, Freeman



Softmax regression (a.k.a. multinomial logistic regression)

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</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>

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

L(y, f✓(x)) = H(y, softmax(f✓(x)))
<latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit><latexit sha1_base64="vt/TbLPaJaG3KIi6IZGJycHfooM="></latexit>

ŷ = softmax(z)
<latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit><latexit sha1_base64="okq3mpTXQHLK8qhRMGGY/+RlSrw="></latexit>

z = f✓(x)
<latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit><latexit sha1_base64="k9mJ8/NQDHX/T5C5j/E+kRCDeOQ="></latexit>

Source: Isola, Torralba, Freeman



The Problem of Generalization

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Linear regression

f✓(x) = ✓0 + ✓1x
<latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Linear regression

f✓(x) = ✓0 + ✓1x
<latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit><latexit sha1_base64="Lru0OgITQx+kmO4TdICgbHXdnrg=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFilBmRNCNUHTjsoK9QFuGTJppQzOZITkjLUOfwI2v4saFIm5du/NtTNsRtPWHwJf/nENyfj8WXIPjfFlLyyura+u5jfzm1vbOrr23X9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD64n9cY9U5pH8g5GMeuEpCd5wCkBY3l2MfDSNvQZkHFpeIwv8eziOfjkB1089OyCU3amwovgZlBAmaqe/dnuRjQJmQQqiNYt14mhkxIFnAo2zrcTzWJCB6THWgYlCZnupNN1xrhonC4OImWOBDx1f0+kJNR6FPqmMyTQ1/O1iflfrZVAcNFJuYwTYJLOHgoSgSHCk2xwlytGQYwMEKq4+SumfaIIBZNg3oTgzq+8CPXTsuuU3duzQuUqiyOHDtERKiEXnaMKukFVVEMUPaAn9IJerUfr2Xqz3metS1Y2c4D+yPr4BrXNmpg=</latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Polynomial regression

f✓(x) = ✓0 + ✓1x+ ✓2x
2

<latexit sha1_base64="ag2Js+ywwSs4C32+xxdZAYE5pt4=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGWmFHQjFN24rGAf0NYhk2ba0MyD5I60DP0RN/6KGxeKuHAj/o1pO6K2Hgice8693NzjRoIrsKxPI7O0vLK6ll3PbWxube+Yu3t1FcaSshoNRSibLlFM8IDVgINgzUgy4ruCNdzB5cRv3DGpeBjcwChiHZ/0Au5xSkBLjln2nKQNfQZkXBge43M8KxwLn3xTGw9/ihIe3pYcM28VrSnwIrFTkkcpqo753u6GNPZZAFQQpVq2FUEnIRI4FWyca8eKRYQOSI+1NA2Iz1QnmV43xkda6WIvlPoFgKfq74mE+EqNfFd3+gT6at6biP95rRi8s07CgygGFtDZIi8WGEI8iQp3uWQUxEgTQiXXf8W0TyShoAPN6RDs+ZMXSb1UtK2ifV3OVy7SOLLoAB2iArLRKaqgK1RFNUTRPXpEz+jFeDCejFfjbdaaMdKZffQHxscXs6WfxA==</latexit><latexit sha1_base64="ag2Js+ywwSs4C32+xxdZAYE5pt4=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGWmFHQjFN24rGAf0NYhk2ba0MyD5I60DP0RN/6KGxeKuHAj/o1pO6K2Hgice8693NzjRoIrsKxPI7O0vLK6ll3PbWxube+Yu3t1FcaSshoNRSibLlFM8IDVgINgzUgy4ruCNdzB5cRv3DGpeBjcwChiHZ/0Au5xSkBLjln2nKQNfQZkXBge43M8KxwLn3xTGw9/ihIe3pYcM28VrSnwIrFTkkcpqo753u6GNPZZAFQQpVq2FUEnIRI4FWyca8eKRYQOSI+1NA2Iz1QnmV43xkda6WIvlPoFgKfq74mE+EqNfFd3+gT6at6biP95rRi8s07CgygGFtDZIi8WGEI8iQp3uWQUxEgTQiXXf8W0TyShoAPN6RDs+ZMXSb1UtK2ifV3OVy7SOLLoAB2iArLRKaqgK1RFNUTRPXpEz+jFeDCejFfjbdaaMdKZffQHxscXs6WfxA==</latexit><latexit sha1_base64="ag2Js+ywwSs4C32+xxdZAYE5pt4=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGWmFHQjFN24rGAf0NYhk2ba0MyD5I60DP0RN/6KGxeKuHAj/o1pO6K2Hgice8693NzjRoIrsKxPI7O0vLK6ll3PbWxube+Yu3t1FcaSshoNRSibLlFM8IDVgINgzUgy4ruCNdzB5cRv3DGpeBjcwChiHZ/0Au5xSkBLjln2nKQNfQZkXBge43M8KxwLn3xTGw9/ihIe3pYcM28VrSnwIrFTkkcpqo753u6GNPZZAFQQpVq2FUEnIRI4FWyca8eKRYQOSI+1NA2Iz1QnmV43xkda6WIvlPoFgKfq74mE+EqNfFd3+gT6at6biP95rRi8s07CgygGFtDZIi8WGEI8iQp3uWQUxEgTQiXXf8W0TyShoAPN6RDs+ZMXSb1UtK2ifV3OVy7SOLLoAB2iArLRKaqgK1RFNUTRPXpEz+jFeDCejFfjbdaaMdKZffQHxscXs6WfxA==</latexit><latexit sha1_base64="ag2Js+ywwSs4C32+xxdZAYE5pt4=">AAACHXicbVDLSgMxFM3UV62vUZdugkWoCGWmFHQjFN24rGAf0NYhk2ba0MyD5I60DP0RN/6KGxeKuHAj/o1pO6K2Hgice8693NzjRoIrsKxPI7O0vLK6ll3PbWxube+Yu3t1FcaSshoNRSibLlFM8IDVgINgzUgy4ruCNdzB5cRv3DGpeBjcwChiHZ/0Au5xSkBLjln2nKQNfQZkXBge43M8KxwLn3xTGw9/ihIe3pYcM28VrSnwIrFTkkcpqo753u6GNPZZAFQQpVq2FUEnIRI4FWyca8eKRYQOSI+1NA2Iz1QnmV43xkda6WIvlPoFgKfq74mE+EqNfFd3+gT6at6biP95rRi8s07CgygGFtDZIi8WGEI8iQp3uWQUxEgTQiXXf8W0TyShoAPN6RDs+ZMXSb1UtK2ifV3OVy7SOLLoAB2iArLRKaqgK1RFNUTRPXpEz+jFeDCejFfjbdaaMdKZffQHxscXs6WfxA==</latexit>

K-th degree polynomial regression

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

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>

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>

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>

NX

i=1

(f✓(x
train
i )� ytraini )2

<latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit>

Training objective:
MX

i=1

(f✓(x
test
i )� ytesti )2

<latexit sha1_base64="PXF17QBKuiTpiajtH5OdqHip41c="></latexit><latexit sha1_base64="PXF17QBKuiTpiajtH5OdqHip41c="></latexit><latexit sha1_base64="PXF17QBKuiTpiajtH5OdqHip41c="></latexit><latexit sha1_base64="PXF17QBKuiTpiajtH5OdqHip41c="></latexit>

Test time evaluation:

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>

NX

i=1

(f✓(x
train
i )� ytraini )2

<latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit><latexit sha1_base64="/n0jMVnSpLEIUT/TW1/bHMB9rZE="></latexit>

Training objective: True objective:

E{x,y}⇠pdata [(f✓(x)� y)2]
<latexit sha1_base64="VIwnAEC5Y9F3dcgRbsu/PSnjV8k="></latexit><latexit sha1_base64="VIwnAEC5Y9F3dcgRbsu/PSnjV8k="></latexit><latexit sha1_base64="VIwnAEC5Y9F3dcgRbsu/PSnjV8k="></latexit><latexit sha1_base64="VIwnAEC5Y9F3dcgRbsu/PSnjV8k="></latexit>

{x, y} ⇠ pdata
<latexit sha1_base64="mUFNuty924IOanGZjn4XtTOYsO0="></latexit><latexit sha1_base64="mUFNuty924IOanGZjn4XtTOYsO0="></latexit><latexit sha1_base64="mUFNuty924IOanGZjn4XtTOYsO0="></latexit><latexit sha1_base64="mUFNuty924IOanGZjn4XtTOYsO0="></latexit>

Source: Isola, Torralba, Freeman



Generalization

“The central challenge in machine learning is that our algorithm must perform 
well on new, previously unseen inputs—not just those on which our model 
was trained. The ability to perform well on previously unobserved inputs is 
called generalization. 

… [this is what] separates machine learning from optimization.”  

— Deep Learning textbook (Goodfellow et al.)

Source: Isola, Torralba, Freeman



2 ☆ 3 = 36

7 ☆ 1 = 49

5 ☆ 2 = 100

2 ☆ 2 = 16

What does ☆ do?

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>

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 1

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 2

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 3

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 4

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 5

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 6

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 7

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 8

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 9

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

What happens as we add more basis functions?

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

K = 10

This phenomenon is called overfitting.

It occurs when we have too high capacity 
a model, e.g., too many free parameters, 
too few data points to pin these parameters 
down.

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

K = 1

When the model does 
not have the capacity to 
capture the true function, 
we call this underfitting.

An underfit model will have 
high error on the training 
points. This error is known 
as approximation error.

Source: Isola, Torralba, Freeman



K = 2

The true function is a 
quadractic, so a quadractic 
model (K=2) fits quite well.

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Source: Isola, Torralba, Freeman



K = 10

Now we have zero 
approximation error — the 
curve passes exactly 
through each training point.

But we have high 
generalization error, 
reflected in the gap 
between the true function 
and the fit line. We want to 
do well on novel queries, 
which will be sampled 
from the green curve (plus 
noise).

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Underfitting
K = 1

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Appropriate model
K = 2

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Overfitting
K = 10

High error on train set
High error on test set

Low error on train set
Low error on test set

Lowest error on train set
High error on test set

Source: Isola, Torralba, Freeman



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Underfitting
K = 1

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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
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Overfitting
K = 10

Source: Isola, Torralba, Freeman



We need to control the capacity of the model (e.g., use the appropriate number 
of free parameters).

The capacity may be defined as the number of hypotheses under consideration 
in the hypothesis space.

Complex models with many free parameters have high capacity.

Simple models have low capacity.

Source: Isola, Torralba, Freeman



Training error versus generalization error

[“Deep Learning”, Goodfellow et al.]

Source: Isola, Torralba, Freeman



How do we know if we are underfitting or overfitting?

Cross validation: measure prediction error on validation data
X
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Validation data
<latexit sha1_base64="QS3zSgNsBAGSezBsEDXqghRW0Uk=">AAAB+HicbVC7TsMwFL3hWcqjAUYWiwqJqUq6wFjBwlgk+pDaqLpxnNaq85DtIJWoX8LCAEKsfAobf4ObZoCWI1k+Pude3evjp4Ir7Tjf1sbm1vbObmWvun9weFSzj0+6KskkZR2aiET2fVRM8Jh1NNeC9VPJMPIF6/nT24Xfe2RS8SR+0LOUeRGOYx5yitpII7vWRcGD4kHMhSO77jScAmSduCWpQ4n2yP4aBgnNIhZrKlCpgeuk2stRak4Fm1eHmWIp0imO2cDQGCOmvLxYfE4ujBKQMJHmxJoU6u+OHCOlZpFvKiPUE7XqLcT/vEGmw2sv53GaaRbT5aAwE0QnZJECCbhkVIuZIUglN7sSOkGJVJusqiYEd/XL66TbbLhOw71v1ls3ZRwVOINzuAQXrqAFd9CGDlDI4Ble4c16sl6sd+tjWbphlT2n8AfW5w+Ue5ME</latexit><latexit sha1_base64="QS3zSgNsBAGSezBsEDXqghRW0Uk=">AAAB+HicbVC7TsMwFL3hWcqjAUYWiwqJqUq6wFjBwlgk+pDaqLpxnNaq85DtIJWoX8LCAEKsfAobf4ObZoCWI1k+Pude3evjp4Ir7Tjf1sbm1vbObmWvun9weFSzj0+6KskkZR2aiET2fVRM8Jh1NNeC9VPJMPIF6/nT24Xfe2RS8SR+0LOUeRGOYx5yitpII7vWRcGD4kHMhSO77jScAmSduCWpQ4n2yP4aBgnNIhZrKlCpgeuk2stRak4Fm1eHmWIp0imO2cDQGCOmvLxYfE4ujBKQMJHmxJoU6u+OHCOlZpFvKiPUE7XqLcT/vEGmw2sv53GaaRbT5aAwE0QnZJECCbhkVIuZIUglN7sSOkGJVJusqiYEd/XL66TbbLhOw71v1ls3ZRwVOINzuAQXrqAFd9CGDlDI4Ble4c16sl6sd+tjWbphlT2n8AfW5w+Ue5ME</latexit><latexit sha1_base64="QS3zSgNsBAGSezBsEDXqghRW0Uk=">AAAB+HicbVC7TsMwFL3hWcqjAUYWiwqJqUq6wFjBwlgk+pDaqLpxnNaq85DtIJWoX8LCAEKsfAobf4ObZoCWI1k+Pude3evjp4Ir7Tjf1sbm1vbObmWvun9weFSzj0+6KskkZR2aiET2fVRM8Jh1NNeC9VPJMPIF6/nT24Xfe2RS8SR+0LOUeRGOYx5yitpII7vWRcGD4kHMhSO77jScAmSduCWpQ4n2yP4aBgnNIhZrKlCpgeuk2stRak4Fm1eHmWIp0imO2cDQGCOmvLxYfE4ujBKQMJHmxJoU6u+OHCOlZpFvKiPUE7XqLcT/vEGmw2sv53GaaRbT5aAwE0QnZJECCbhkVIuZIUglN7sSOkGJVJusqiYEd/XL66TbbLhOw71v1ls3ZRwVOINzuAQXrqAFd9CGDlDI4Ble4c16sl6sd+tjWbphlT2n8AfW5w+Ue5ME</latexit><latexit sha1_base64="QS3zSgNsBAGSezBsEDXqghRW0Uk=">AAAB+HicbVC7TsMwFL3hWcqjAUYWiwqJqUq6wFjBwlgk+pDaqLpxnNaq85DtIJWoX8LCAEKsfAobf4ObZoCWI1k+Pude3evjp4Ir7Tjf1sbm1vbObmWvun9weFSzj0+6KskkZR2aiET2fVRM8Jh1NNeC9VPJMPIF6/nT24Xfe2RS8SR+0LOUeRGOYx5yitpII7vWRcGD4kHMhSO77jScAmSduCWpQ4n2yP4aBgnNIhZrKlCpgeuk2stRak4Fm1eHmWIp0imO2cDQGCOmvLxYfE4ujBKQMJHmxJoU6u+OHCOlZpFvKiPUE7XqLcT/vEGmw2sv53GaaRbT5aAwE0QnZJECCbhkVIuZIUglN7sSOkGJVJusqiYEd/XL66TbbLhOw71v1ls3ZRwVOINzuAQXrqAFd9CGDlDI4Ble4c16sl6sd+tjWbphlT2n8AfW5w+Ue5ME</latexit>

{x(val)
i , y(val)i }

<latexit sha1_base64="bM4jDPA4cVEtX7UWp7Xm7j/H8aw=">AAACF3icbVBNS8NAEN34WetX1KOXxSJUkJKIoMeiF48V7Ac0tWy223bpZhN2J6Ul5F948a948aCIV735b9y2OWjbBwOP92aYmedHgmtwnB9rZXVtfWMzt5Xf3tnd27cPDms6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/cHtxK8PmdI8lA8wjlgrID3Ju5wSMFLbLnnJqM0fk6IHbAQAyZCI9Cw9x+Mlqpe27YJTcqbAi8TNSAFlqLTtb68T0jhgEqggWjddJ4JWQhRwKlia92LNIkIHpMeahkoSMN1Kpn+l+NQoHdwNlSkJeKr+nUhIoPU48E1nQKCv572JuMxrxtC9biVcRjEwSWeLurHAEOJJSLjDFaMgxoYQqri5FdM+UYSCiTJvQnDnX14ktYuS65Tc+8tC+SaLI4eO0QkqIhddoTK6QxVURRQ9oRf0ht6tZ+vV+rA+Z60rVjZzhP7B+voFkj6gyg==</latexit><latexit sha1_base64="bM4jDPA4cVEtX7UWp7Xm7j/H8aw=">AAACF3icbVBNS8NAEN34WetX1KOXxSJUkJKIoMeiF48V7Ac0tWy223bpZhN2J6Ul5F948a948aCIV735b9y2OWjbBwOP92aYmedHgmtwnB9rZXVtfWMzt5Xf3tnd27cPDms6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/cHtxK8PmdI8lA8wjlgrID3Ju5wSMFLbLnnJqM0fk6IHbAQAyZCI9Cw9x+Mlqpe27YJTcqbAi8TNSAFlqLTtb68T0jhgEqggWjddJ4JWQhRwKlia92LNIkIHpMeahkoSMN1Kpn+l+NQoHdwNlSkJeKr+nUhIoPU48E1nQKCv572JuMxrxtC9biVcRjEwSWeLurHAEOJJSLjDFaMgxoYQqri5FdM+UYSCiTJvQnDnX14ktYuS65Tc+8tC+SaLI4eO0QkqIhddoTK6QxVURRQ9oRf0ht6tZ+vV+rA+Z60rVjZzhP7B+voFkj6gyg==</latexit><latexit sha1_base64="bM4jDPA4cVEtX7UWp7Xm7j/H8aw=">AAACF3icbVBNS8NAEN34WetX1KOXxSJUkJKIoMeiF48V7Ac0tWy223bpZhN2J6Ul5F948a948aCIV735b9y2OWjbBwOP92aYmedHgmtwnB9rZXVtfWMzt5Xf3tnd27cPDms6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/cHtxK8PmdI8lA8wjlgrID3Ju5wSMFLbLnnJqM0fk6IHbAQAyZCI9Cw9x+Mlqpe27YJTcqbAi8TNSAFlqLTtb68T0jhgEqggWjddJ4JWQhRwKlia92LNIkIHpMeahkoSMN1Kpn+l+NQoHdwNlSkJeKr+nUhIoPU48E1nQKCv572JuMxrxtC9biVcRjEwSWeLurHAEOJJSLjDFaMgxoYQqri5FdM+UYSCiTJvQnDnX14ktYuS65Tc+8tC+SaLI4eO0QkqIhddoTK6QxVURRQ9oRf0ht6tZ+vV+rA+Z60rVjZzhP7B+voFkj6gyg==</latexit><latexit sha1_base64="bM4jDPA4cVEtX7UWp7Xm7j/H8aw=">AAACF3icbVBNS8NAEN34WetX1KOXxSJUkJKIoMeiF48V7Ac0tWy223bpZhN2J6Ul5F948a948aCIV735b9y2OWjbBwOP92aYmedHgmtwnB9rZXVtfWMzt5Xf3tnd27cPDms6jBVlVRqKUDV8opngklWBg2CNSDES+ILV/cHtxK8PmdI8lA8wjlgrID3Ju5wSMFLbLnnJqM0fk6IHbAQAyZCI9Cw9x+Mlqpe27YJTcqbAi8TNSAFlqLTtb68T0jhgEqggWjddJ4JWQhRwKlia92LNIkIHpMeahkoSMN1Kpn+l+NQoHdwNlSkJeKr+nUhIoPU48E1nQKCv572JuMxrxtC9biVcRjEwSWeLurHAEOJJSLjDFaMgxoYQqri5FdM+UYSCiTJvQnDnX14ktYuS65Tc+8tC+SaLI4eO0QkqIhddoTK6QxVURRQ9oRf0ht6tZ+vV+rA+Z60rVjZzhP7B+voFkj6gyg==</latexit>

Source: Isola, Torralba, Freeman



Fitting just right

Underfitting? 
1. add more parameters (more features, more layers, etc.)

Overfitting? 
1. remove parameters 
2. add regularizers

Selecting a hypothesis space of functions with just the right capacity is 
known as model selection

Source: Isola, Torralba, Freeman



Regularization

Empirical risk minimization:

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi) +R(✓)
<latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit>

Source: Isola, Torralba, Freeman

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi) +R(✓)
<latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit>



Regularized least squares

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>

Only use polynomial terms if you really need 
them! Most terms should be zero

ridge regression, a.k.a., Tikhonov regularization

(Probabilistic interpretation: R is a Gaussian prior over values of the parameters.)

R(✓) = � k✓k22
<latexit sha1_base64="QfM8ZK8/IqYc07GDiQQ5bN0mKw4="></latexit><latexit sha1_base64="QfM8ZK8/IqYc07GDiQQ5bN0mKw4="></latexit><latexit sha1_base64="QfM8ZK8/IqYc07GDiQQ5bN0mKw4="></latexit><latexit sha1_base64="QfM8ZK8/IqYc07GDiQQ5bN0mKw4="></latexit>

Source: Isola, Torralba, Freeman



[Adapted from “Deep Learning”, Goodfellow et al.]

High λ — ?
Medium λ — ?
Low λ — ?

✓⇤ = argmin
✓

NX

I=1

L(f✓(xi),yi) + � k✓k22
<latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit>

A CB

Source: Isola, Torralba, Freeman



[Adapted from “Deep Learning”, Goodfellow et al.]

✓⇤ = argmin
✓

NX

I=1

L(f✓(xi),yi) + � k✓k22
<latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit><latexit sha1_base64="TskQ/M/ASPLiKjljOUs45y+4jps="></latexit>

High λ — A
Medium λ — B
Low λ — C

A CB

Source: Isola, Torralba, Freeman



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</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>

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Regularized polynomial least 
squares regression

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

✓⇤ = (�T�+ �I)�1�Ty
<latexit sha1_base64="T8Trx2FIRexE98w0fosBIjO0G0A="></latexit><latexit sha1_base64="T8Trx2FIRexE98w0fosBIjO0G0A="></latexit><latexit sha1_base64="T8Trx2FIRexE98w0fosBIjO0G0A="></latexit><latexit sha1_base64="T8Trx2FIRexE98w0fosBIjO0G0A="></latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>NX

i=1

(f✓(xi)� yi)
2 + � k✓k22

<latexit sha1_base64="MCk3OuM7sjGybKBJYJo9SY1OafM="></latexit><latexit sha1_base64="MCk3OuM7sjGybKBJYJo9SY1OafM="></latexit><latexit sha1_base64="MCk3OuM7sjGybKBJYJo9SY1OafM="></latexit><latexit sha1_base64="MCk3OuM7sjGybKBJYJo9SY1OafM="></latexit>

Source: Isola, Torralba, Freeman

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

f✓(x) =
KX

k=0

✓kx
k

<latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit><latexit sha1_base64="AyC8XEjf2chC/S1kA3jyV93jmr0=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjVRUlE0E2h6EZwU8E+oEnDZDpph0wezNxIS8g/uPFX3LhQxK0bd/6NaZuFth64cDjnXu69x4kEV6Dr39rS8srq2npho7i5tb2zW9rbb6kwlpQ1aShC2XGIYoIHrAkcBOtEkhHfEazteNcTv/3ApOJhcA/jiFk+GQTc5ZRAJtmlU9dOTBgyIGlldIJr2FSxbydeTU97t3jm2B4e9byiXSrrVX0KvEiMnJRRjoZd+jL7IY19FgAVRKmuoUdgJUQCp4KlRTNWLCLUIwPWzWhAfKasZPpTio8zpY/dUGYVAJ6qvycS4is19p2s0ycwVPPeRPzP68bgXloJD6IYWEBni9xYYAjxJCDc55JREOOMECp5diumQyIJhSzGSQjG/MuLpHVWNfSqcXderl/lcRTQITpCFWSgC1RHN6iBmoiiR/SMXtGb9qS9aO/ax6x1SctnDtAfaJ8/NbOdFA==</latexit>



{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Underfitting
K = 1

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Appropriate model
K = 2

{xi, yi}Ni=1
<latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></latexit><latexit sha1_base64="DGN65pWIkpgFKkIGV/9ZMnPUgqg="></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>

Overfitting
K = 10

Simple model
Doesn’t fit the training data

Simple model
Fits the training data

Complex model
Fits the training data

Source: Isola, Torralba, Freeman



Next lecture: neural networks


