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•Final project proposals due Thursday 

•Pytorch and Tensorflow tutorials (location TBA) 

•Pytorch: 10/26 at 3pm, 10/29 at 12pm 

•Tensorflow: 10/30 at 2pm, 10/31 at 6pm

Announcements



http://www.deeplearningbook.org/

By Ian Goodfellow, Yoshua Bengio and Aaron Courville

November 2016

Today: parts of chapters 5 and 6



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>



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>



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>



!
<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>

{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
<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=1

✓k�k(x)
<latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></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>

L(f✓(x), y) = (f✓(x)� y)2
<latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></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�)�1�Ty
<latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit>

Least-squares polynomial regression
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<latexit sha1_base64="EjZ7RDxGWReqxKjqBp9yb2SsdrE="></latexit><latexit sha1_base64="EjZ7RDxGWReqxKjqBp9yb2SsdrE="></latexit><latexit sha1_base64="EjZ7RDxGWReqxKjqBp9yb2SsdrE="></latexit><latexit sha1_base64="EjZ7RDxGWReqxKjqBp9yb2SsdrE="></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) =
KX

k=1

✓k�k(x)
<latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit>

Basis function regression

Basis function 
(a.k.a. feature map)

Examples: 
1. Polynomials 
2. Fourier basis (“Harmonic regression”) 
3. Image “features”{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>



!
<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>

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>

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>

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>

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>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>

{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>

Basis function regression

f✓(x) =
KX

k=1

✓k�k(x)
<latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit>

L(f✓(x), y) = (f✓(x)� y)2
<latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit><latexit sha1_base64="8HL8DctgME8CbrjIGHl+a+duM7M="></latexit>

✓⇤ = (�T�)�1�Ty
<latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit><latexit sha1_base64="agbp0qZcKbpYUTwIjP/f9AvvfOA=">AAACMXicdVDLSsNAFJ3UV62vqks3g0WogiURQTdC0U2XFfqCJi2T6aQdOnkwcyOUkF9y45+Imy4UcetPmLRZ2FYPDJw5517uvccOBFeg61Mtt7a+sbmV3y7s7O7tHxQPj1rKDyVlTeoLX3ZsopjgHmsCB8E6gWTEtQVr2+OH1G8/Mam47zVgEjDLJUOPO5wSSKR+sWbCiAHpXeA7XDZdAiPbicz6iMe9xsL3vBddGvE/FZO40C+W9Io+A14lRkZKKEO9X3w1Bz4NXeYBFUSprqEHYEVEAqeCxQUzVCwgdEyGrJtQj7hMWdHs4hifJcoAO75Mngd4pv7uiIir1MS1k8p0RbXspeJfXjcE59aKuBeEwDw6H+SEAoOP0/jwgEtGQUwSQqjkya6YjogkFJKQ0xCM5ZNXSeuqYugV4/G6VL3P4sijE3SKyshAN6iKaqiOmoiiZ/SG3tGH9qJNtU/ta16a07KeY7QA7fsHfYmqbQ==</latexit>

� =

0

BBB@

�1(x1) �2(x1) ... �K(x1)
�1(x2) �2(x2) ... �K(x2)

...
...

...
...

...
�1(xN ) �2(xN ) ... �K(xN )

1

CCCA

<latexit sha1_base64="m2v6tvEhSPCpMBezs3EGKrbchN4="></latexit><latexit sha1_base64="m2v6tvEhSPCpMBezs3EGKrbchN4="></latexit><latexit sha1_base64="m2v6tvEhSPCpMBezs3EGKrbchN4="></latexit><latexit sha1_base64="m2v6tvEhSPCpMBezs3EGKrbchN4="></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>

{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>



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>



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>



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:



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>



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.)



2 ☆ 3 = 36

7 ☆ 1 = 49

5 ☆ 2 = 100

2 ☆ 2 = 16

What does ☆ do?



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>



{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



{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



{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



{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



{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



{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



{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



{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



{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



{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.





{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.



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>



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>



{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



{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



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.



Training error versus generalization error

[“Deep Learning”, Goodfellow et al.]



How do we know if we are underfitting or overfitting?

Cross validation: measure prediction error on test data

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(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>



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



Regularization

f⇤ = argmin
f2F

NX

i=1

L(f(xi),yi)
<latexit sha1_base64="UGfxrf9TFVMURI0usTKu+prNmxo="></latexit><latexit sha1_base64="UGfxrf9TFVMURI0usTKu+prNmxo="></latexit><latexit sha1_base64="UGfxrf9TFVMURI0usTKu+prNmxo="></latexit><latexit sha1_base64="UGfxrf9TFVMURI0usTKu+prNmxo="></latexit>

+R(f)
<latexit sha1_base64="LXHw3emHkeOBRmIFRPrmtrf3gAw="></latexit><latexit sha1_base64="LXHw3emHkeOBRmIFRPrmtrf3gAw="></latexit><latexit sha1_base64="LXHw3emHkeOBRmIFRPrmtrf3gAw="></latexit><latexit sha1_base64="LXHw3emHkeOBRmIFRPrmtrf3gAw="></latexit>

Emprirical 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>



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>



[“Deep Learning”, Goodfellow et al.]



!
<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>

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>

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>



Aside: what’s the best prior? What’s a principle for selecting it?

[ITILA book, Chapter 28, MacKay, http://www.inference.org.uk/itprnn/book.pdf]

http://www.inference.org.uk/itprnn/book.pdf


{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



Deep learning

In the past, we didn’t have enough data to fit these models. But now we do!

Modeling the visual world is incredibly complicated. We need high 
capacity models.

We want a class of high capacity models that are easy to optimize.

Deep neural networks!



A brief history of Neural Networks

time

enthusiasm
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http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/
2011_Nagy_Pace_FR.pdf.  Photo by George Nagy

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.335.3398&rep=rep1&type=pdf

Perceptrons, 1958

Rosenblatt

http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf


Perceptrons, 1958



time

enthusiasm
Perceptrons, 
1958



Minsky and Papert, Perceptrons, 1972



time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972



Parallel Distributed Processing (PDP), 1986



XOR problem

Inputs Output

0       0                          0 
1       0                          1 
0       1                          1 
1       1                          0

PDP authors pointed to the backpropagation algorithm 
as a breakthrough, allowing multi-layer neural networks to be 
trained.  Among the functions that a multi-layer network can 
represent but a single-layer network cannot:  the XOR function.

0                1

0 
   

   
   

   
   

1



time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986



LeCun conv nets, 1998

http://yann.lecun.com/exdb/lenet/index.html
Demos:

http://yann.lecun.com/exdb/lenet/index.html
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!56http://pub.clement.farabet.net/ecvw09.pdf

Neural networks to 
recognize 
handwritten digits?  
yes 

Neural networks for 
tougher problems?  
not really

http://pub.clement.farabet.net/ecvw09.pdf


NIPS 2000

• NIPS,  Neural Information Processing Systems, is 
the premier conference on machine learning.  
Evolved from an interdisciplinary conference to a 
machine learning conference. 

• For the NIPS 2000 conference:  
– title words predictive of paper acceptance:  “Belief 

Propagation” and “Gaussian”. 

– title words predictive of paper rejection:  “Neural” and 
“Network”.



time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

AI winter, 
2000



Krizhevsky, Sutskever, and Hinton, NIPS 2012

“Alexnet”



Slide from Rob Fergus, NYU



Krizhevsky, Sutskever, and Hinton, NIPS 2012
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28 years 28 years
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What comes next?

Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

AI winter, 
2000 time

enthusiasm

28 years 28 years

Krizhevsky, 
Sutskever, 
Hinton, 2012

2028 ?



[“Mask RCNN”, He et al. 2017]



[“Neural module networks”, Andreas et al. 2017]



#edges2cats [Chris Hesse]

[“pix2pix”, Isola et al. 2017]



Ivy Tasi @ivymyt

Vitaly Vidmirov @vvid



Serre, 2014



X

Y

Z

Edge normals

Edge strength

3D orientation

Depth discontinuities

Contact edges

Image transformations

Input image

1. From pixels to edges

2. From edges to geometric  
primitives



Object recognition

Feature extractors

Edges

Texture

Colors

Segments

Parts
“clown fish”

Classifier



Object recognition

“clown fish”

Edges

Feature extractors

Texture

Colors

Segments

Parts

Classifier

Learned

f✓(x) =
KX

k=1

✓k�k(x)
<latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit>

�k(x)
<latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit>



Object recognition

“clown fish”

Learned



Object recognition

“clown fish”

Learned

Neural net



Object recognition

“clown fish”

Learned

Deep neural net



“clown fish”

Loss

Learned
Deep learning

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

L(f✓(xi),yi)
<latexit sha1_base64="jlpGyeLSlIErD+fOJ+KXo7fyewk="></latexit><latexit sha1_base64="jlpGyeLSlIErD+fOJ+KXo7fyewk="></latexit><latexit sha1_base64="jlpGyeLSlIErD+fOJ+KXo7fyewk="></latexit><latexit sha1_base64="jlpGyeLSlIErD+fOJ+KXo7fyewk="></latexit>

xi
<latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit>

yi
<latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit>

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>



Gradient descent

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

( <latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit>
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Gradient descent

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

✓1
<latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit> ✓2

<latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit>

✓⇤ = argmin
✓

J(✓)
<latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit>

x



learning rate

Gradient descent

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

( <latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit>

One iteration of gradient descent:

✓t+1 = ✓t � ⌘t
@J(✓)

@✓

����
✓=✓t

<latexit sha1_base64="zY43iVuC2uxHmoxD/IWvMOm6ttM="></latexit><latexit sha1_base64="zY43iVuC2uxHmoxD/IWvMOm6ttM="></latexit><latexit sha1_base64="zY43iVuC2uxHmoxD/IWvMOm6ttM="></latexit><latexit sha1_base64="zY43iVuC2uxHmoxD/IWvMOm6ttM="></latexit>
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representation 

Output 
representation 

Computation in a neural net



yj =
X

i

wijxi

Computation in a neural net

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

wij
<latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit>

Linear layer



Computation in a neural net

yj =
X

i

wijxi + bj
<latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

wij
<latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit>

Linear layer

weights 

bias 
bj

<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>



Computation in a neural net

yj = xTwj + bj
<latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="t1NUP8dA+F4Ny14xgm6myJIl5wA=">AAACLHicfZHNSsNAEMc39avGqu3ZS7AKIlISL3oU9OBFrGBroSllspmkSzebsLsRS+gLePVxfBKP3sSncPshaCsOLPz4z+zszH+DjDOlXffNKq2srq1vlDftrYq9vbNbrbRVmkuKLZryVHYCUMiZwJZmmmMnkwhJwPEhGF5O8g+PKBVLxb0eZdhLIBYsYhS0kZr9at1tuNNwlsGbQ53Mo1+zDvwwpXmCQlMOSnU9N9O9AqRmlOPY9nOFGdAhxNg1KCBB1Sumc46dQ6OETpRKc4R2purPGwUkSo2SwFQmoAdqMTcR/8p1cx2d9womslyjoLOHopw7OnUmSzshk0g1HxkAKpmZ1aEDkEC1sca2/Ss0y0i8MY1vM5SgU3lc+CDjBJ7GZrnYP5nQf4VMfBcaMrZ6iyYuQ/u04bkN784lZbJH9skR8cgZuSDXpElahJKQPJMX69V6tz5m9pes+T/UyK+wPr8AB9mqqA==</latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="H0hHbuX2Ccv1hMfPmMc6jH0/alU="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

Linear layer

weights 

bias 

✓ = {W,b}
<latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit>

wj
<latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit>

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

bj
<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

parameters of the model 



Example: linear regression with a neural net

Input 
representation 

Output 
representation 

Linear layer

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</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>

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

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

fw,b(x) = xTw + b
<latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit>



Input 
representation 

Output 
representation 

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>

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

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></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>

Pointwise 
Non-linearity 

Computation in a neural net

“Perceptron”



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</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>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</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>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></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>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

g(y)
<latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+
+

++

+

+
-

--
-

-

-

w⇤, b⇤ = argmin
w,b

L(g(ŷ), yi)
<latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit>

ŷ = xTw + b
<latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="oMHzbJ3hOGvX6DS3XiPRWGSCYiM="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit>

g(ŷ) =

(
1, if ŷ > 0

0, otherwise
<latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit>



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>
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+

++

+

+
-

--
-

-

-

w⇤, b⇤ = argmin
w,b

L(g(ŷ), yi)
<latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit>

ŷ = xTw + b
<latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="oMHzbJ3hOGvX6DS3XiPRWGSCYiM="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit>

g(ŷ) =

(
1, if ŷ > 0

0, otherwise
<latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit>



Input 
representation 

Output 
representation 

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>

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

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></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>

Computation in a neural net



g(y)

Input 
representation 

Output 
representation 

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>

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

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</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>

Computation in a neural net — nonlinearity

g(y) =
1

1 + e�y
<latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit>

Sigmoid



g(y)

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>

g(y) =
1

1 + e�y
<latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit>

Sigmoid• Interpretation as firing rate of neuron 

• Bounded between [0,1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Outputs centered at 0.5  
	 	 (poor conditioning) 

• Not used in practice

Computation in a neural net — nonlinearity



g(y)

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>

Tanh
• Bounded between [-1,+1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Outputs centered at 0 

• Preferable to sigmoid

tanh(x) = 2 sigmoid(2x) −1

g(y) =
ey � e�y

ey + e�y
<latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit>

Computation in a neural net — nonlinearity



g(y)

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>

Rectified linear unit (ReLU)

g(y) = max(0, y)

• Unbounded output (on positive side) 

• Efficient to implement: 

• Also seems to help convergence (see 
6x speedup vs tanh in [Krizhevsky et al.]) 

• Drawback: if strongly in negative 
region, unit is dead forever (no gradient). 

• Default choice: widely used in current 
models.

Computation in a neural net — nonlinearity

@g

@y
=

(
0, if y < 0

1, if y � 0
<latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit>



g(y)

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>

Leaky ReLU
• where α is small (e.g. 0.02) 

• Efficient to implement: 

•Also known as probabilistic ReLU (PReLU) 

• Has non-zero gradients everywhere (unlike 
ReLU) 

•α can also be learned (see Kaiming He et 
al. 2015).

Computation in a neural net — nonlinearity

g(y) =

(
max(0, y), if y � 0

amin(0, y), if y < 0
<latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit>

@g

@y
=

(
�a, if y < 0

1, if y � 0
<latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="uSfKimnJpgyiAkfY7F5Uf8085X0="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit>



Output 
representation 

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

b(2)j
<latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit>

W(2)
j

<latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

b(1)j
<latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit>

W(1)
j

<latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit>

= “hidden units”h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

positive

negative



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

positive

negative



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

positive

negative



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

positive

negative



• 1 layer? Linear decision surface. 
• 2+ layers? In theory, can represent any function. 

Assuming non-trivial non-linearity. 
– Bengio 2009, 

http://www.iro.umontreal.ca/~bengioy/papers/ftml.pdf 
– Bengio, Courville, Goodfellow book 
		 http://www.deeplearningbook.org/contents/mlp.html 
– Simple proof by M. Neilsen 

http://neuralnetworksanddeeplearning.com/chap4.html 
–  D. Mackay book  

	 	 	 http://www.inference.phy.cam.ac.uk/mackay/itprnn/ps/482.491.pdf 

• But issue is efficiency: very wide two layers vs narrow 
deep model? In practice, more layers helps.

Representational power

http://www.iro.umontreal.ca/~bengioy/papers/ftml.pdf
http://www.deeplearningbook.org/contents/mlp.html
http://neuralnetworksanddeeplearning.com/chap4.html
http://www.inference.phy.cam.ac.uk/mackay/itprnn/ps/482.491.pdf


[http://playground.tensorflow.org]

http://playground.tensorflow.org
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f(x) = fL(. . . f2(f1(x)))

Deep nets



Last layer
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Loss error
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…
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Loss small
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…
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Loss function



“grizzly bear”

Loss large

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

Ground truth label

Loss function



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>

�
<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>



Network output

…

dolphin

cat

grizzly bear
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clown fish
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…

iguana

elephant

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>

y

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>

Probability of the observed 
data under the model

softmax
<latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit>



“clown fish”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

L(f✓(x1),y1)
<latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

y1
<latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit>

x1
<latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit>



“grizzly bear”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

L(f✓(x2),y2)
<latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit>

x2
<latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit>

y2
<latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit>



“chameleon”

Loss

Learned
Deep learning

xi
<latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit>

yi
<latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit>

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

L(f✓(xi),yi)
<latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit>



Batch (parallel) processing

Loss

Loss

Loss

…

⌃
<latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit>



Tensors

…

h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit>

Nbatch
<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit>



“Tensor flow”

h(1) 2 RNbatch⇥H
(1)⇥W

(1)⇥C
(1)

<latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit>

H
(1

)
⇥
W

(1
)

<latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

h(2) 2 RNbatch⇥H
(2)⇥W

(2)⇥C
(2)

<latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit>

H
(2

)
⇥
W

(2
)

<latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit>

C(2)
<latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>



Regularizing deep nets

Deep nets have millions of parameters!

On many datasets, it is easy to overfit — we may have more free 
parameters than data points to constrain them.

How can we regularize to prevent the network from overfitting? 
1. Fewer neurons, fewer layers 
2. Weight decay 
3. Dropout 
4. Normalization layers 
5. …



Recall: 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>



Regularizing the weights in a neural net

weight decay

✓⇤ = 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>

R(W) = � kWk22
<latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit>

“We prefer to keep weights small.”



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

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

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout



Dropout

Randomly zero out hidden units.

Prevents network from relying too much on spurious correlations between 
different hidden units.

Can be understood as averaging over an exponential ensemble of 
subnetworks. This averaging smooths the function, thereby reducing the 
effective capacity of the network.



Normalization layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>



Normalization layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>



Normalization layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>



Normalization layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>



Keep track of mean and variance of a unit (or a population of units) over time.

Standardize unit activations by subtracting mean and dividing by variance.

Squashes units into a standard range, avoiding overflow.

Normalization layers

Also achieves invariance to mean and variance of the training signal.

Both these properties reduce the effective capacity of the model, i.e. 
regularize the model.



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. a single hidden unit’s pattern of activation over training examples 
(a batch of examples).



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. the mean and variance of the activations of all the hidden units 
(neurons) on this layer (c).

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>



[Figure from Wu & He, arXiv 2018]

Normalization layers

Normalize w.r.t. the mean and variance of the activations of all the hidden units 
(neurons) on this layer (c) that process this particular location (h,w) in the image.



[Figure from Wu & He, arXiv 2018]

Normalization layers

Might as well…



Differentiable programming

A more general term for models with these two properties is 
differentiable programming.

Deep nets are popular for at least two reasons: 
1. High capacity 
2. Easy to optimize (differentiable)



Differentiable programming

[Figure from “Neural Module Networks”,  Andreas et al. 2017]



Next up:  
1. Optimization of NNs (backprop) 
2. CNNs


