
CS189: Intro to Machine Learning 
Summer 2018

Lecture 1: Linear Regression


Josh Tobin

UC Berkeley EECS



Outline for today

• Reminders


• Review of OLS


• Intro to features



Outline for today

• Reminders 

• Review of OLS


• Intro to features



Reminders

• Sign up for piazza


• Sign up for gradescope


• HW0 due Thursday


• Lecture slides will be posted 
tomorrow morning
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Ordinary least squares

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>



Ordinary least squares

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>
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<latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit>

⇡<latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit> ·
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<latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit>

Goal: find the best w
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<latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit>



Four levels for ML problems

1. Data & application 

2. Model


3. Optimization problem


4. Optimization algorithm



Data & application layer

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>
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<latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit>

⇡<latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit> ·
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<latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit>

Goal: find the best w
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<latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit>



Four levels for ML problems

1. Data & application


2. Model 

3. Optimization problem


4. Optimization algorithm



2. Model

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

ŷ = Xw
<latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit>



Four levels for ML problems

1. Data & application


2. Model


3. Optimization problem 

4. Optimization algorithm



3. Optimization problem

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

Goal: find the best w

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>
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2. Model


3. Optimization problem


4. Optimization algorithm



4. Optimization algorithms
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<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>
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<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>
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<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>



4. Optimization algorithms

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>
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<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>

XTXŵ = XT y
<latexit sha1_base64="qDjBsB8y3q22ag+4dUa7TZ7HL3M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6EYouHElFfoItLFMppN26GQSZm6UEAr+ihsXirj1O9z5N07aLrT1wIUz59zL3HuCRHANjvNtLS2vrK6tlzbKm1vbO7v23n5Lx6mirEljESsvIJoJLlkTOAjmJYqRKBCsHYyuC7/9wJTmsWxAljA/IgPJQ04JGKlnH3r3Dezh7pBA/jjGV7h4Zz274lSdCfAicWekgmao9+yvbj+macQkUEG07rhOAn5OFHAq2LjcTTVLCB2RAesYKknEtJ9P1h/jE6P0cRgrUxLwRP09kZNI6ywKTGdEYKjnvUL8z+ukEF76OZdJCkzS6UdhKjDEuMgC97liFERmCKGKm10xHRJFKJjEyiYEd/7kRdI6q7pO1b07r9RuZ3GU0BE6RqfIRReohm5QHTURRTl6Rq/ozXqyXqx362PaumTNZg7QH1ifPx7ZlFM=</latexit><latexit sha1_base64="qDjBsB8y3q22ag+4dUa7TZ7HL3M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6EYouHElFfoItLFMppN26GQSZm6UEAr+ihsXirj1O9z5N07aLrT1wIUz59zL3HuCRHANjvNtLS2vrK6tlzbKm1vbO7v23n5Lx6mirEljESsvIJoJLlkTOAjmJYqRKBCsHYyuC7/9wJTmsWxAljA/IgPJQ04JGKlnH3r3Dezh7pBA/jjGV7h4Zz274lSdCfAicWekgmao9+yvbj+macQkUEG07rhOAn5OFHAq2LjcTTVLCB2RAesYKknEtJ9P1h/jE6P0cRgrUxLwRP09kZNI6ywKTGdEYKjnvUL8z+ukEF76OZdJCkzS6UdhKjDEuMgC97liFERmCKGKm10xHRJFKJjEyiYEd/7kRdI6q7pO1b07r9RuZ3GU0BE6RqfIRReohm5QHTURRTl6Rq/ozXqyXqx362PaumTNZg7QH1ifPx7ZlFM=</latexit><latexit sha1_base64="qDjBsB8y3q22ag+4dUa7TZ7HL3M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6EYouHElFfoItLFMppN26GQSZm6UEAr+ihsXirj1O9z5N07aLrT1wIUz59zL3HuCRHANjvNtLS2vrK6tlzbKm1vbO7v23n5Lx6mirEljESsvIJoJLlkTOAjmJYqRKBCsHYyuC7/9wJTmsWxAljA/IgPJQ04JGKlnH3r3Dezh7pBA/jjGV7h4Zz274lSdCfAicWekgmao9+yvbj+macQkUEG07rhOAn5OFHAq2LjcTTVLCB2RAesYKknEtJ9P1h/jE6P0cRgrUxLwRP09kZNI6ywKTGdEYKjnvUL8z+ukEF76OZdJCkzS6UdhKjDEuMgC97liFERmCKGKm10xHRJFKJjEyiYEd/7kRdI6q7pO1b07r9RuZ3GU0BE6RqfIRReohm5QHTURRTl6Rq/ozXqyXqx362PaumTNZg7QH1ifPx7ZlFM=</latexit><latexit sha1_base64="qDjBsB8y3q22ag+4dUa7TZ7HL3M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6EYouHElFfoItLFMppN26GQSZm6UEAr+ihsXirj1O9z5N07aLrT1wIUz59zL3HuCRHANjvNtLS2vrK6tlzbKm1vbO7v23n5Lx6mirEljESsvIJoJLlkTOAjmJYqRKBCsHYyuC7/9wJTmsWxAljA/IgPJQ04JGKlnH3r3Dezh7pBA/jjGV7h4Zz274lSdCfAicWekgmao9+yvbj+macQkUEG07rhOAn5OFHAq2LjcTTVLCB2RAesYKknEtJ9P1h/jE6P0cRgrUxLwRP09kZNI6ywKTGdEYKjnvUL8z+ukEF76OZdJCkzS6UdhKjDEuMgC97liFERmCKGKm10xHRJFKJjEyiYEd/7kRdI6q7pO1b07r9RuZ3GU0BE6RqfIRReohm5QHTURRTl6Rq/ozXqyXqx362PaumTNZg7QH1ifPx7ZlFM=</latexit>



Why are normal equations the solution?

X
<latexit sha1_base64="0pUCN17zFwujxVf0ZAoaCsPpLMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfp/HUYQzOIdL8KAGdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPuVWM6A==</latexit><latexit sha1_base64="0pUCN17zFwujxVf0ZAoaCsPpLMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfp/HUYQzOIdL8KAGdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPuVWM6A==</latexit><latexit sha1_base64="0pUCN17zFwujxVf0ZAoaCsPpLMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfp/HUYQzOIdL8KAGdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPuVWM6A==</latexit><latexit sha1_base64="0pUCN17zFwujxVf0ZAoaCsPpLMc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmt1BueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfp/HUYQzOIdL8KAGdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPuVWM6A==</latexit>

=

2

64
~xT
1
...
~xT
n

3

75

<latexit sha1_base64="wcKBShhtwxoe9WdfWzcC5R0Fx2o=">AAACLXicbVDLSgMxFM34rPVVdekmWARXZUYE3QgFXbiSCn1BZyyZzG0bmskMSaa0DP0hN/6KCC4q4tbfMG0H0dYDgcM595B7jx9zprRtT6yV1bX1jc3cVn57Z3dvv3BwWFdRIinUaMQj2fSJAs4E1DTTHJqxBBL6HBp+/2bqNwYgFYtEVY9i8ELSFazDKNFGahdur7HrQ5eJ1A+Jlmw4xu4AaDoct53HKnbdvDsIIq3mbG6IqQEi+Im0C0W7ZM+Al4mTkSLKUGkXXt0gokkIQlNOlGo5dqy9lEjNKIdx3k0UxIT2SRdahgoSgvLS2bVjfGqUAHciaZ7QeKb+TqQkVGoU+mbS7NdTi95U/M9rJbpz5aVMxIkGQecfdRKOdYSn1eGASaCajwwhVDKzK6Y9IgnVpuC8KcFZPHmZ1M9Ljl1yHi6K5fusjhw6RifoDDnoEpXRHaqgGqLoCb2gCXq3nq0368P6nI+uWFnmCP2B9fUNe4yo8w==</latexit><latexit sha1_base64="wcKBShhtwxoe9WdfWzcC5R0Fx2o=">AAACLXicbVDLSgMxFM34rPVVdekmWARXZUYE3QgFXbiSCn1BZyyZzG0bmskMSaa0DP0hN/6KCC4q4tbfMG0H0dYDgcM595B7jx9zprRtT6yV1bX1jc3cVn57Z3dvv3BwWFdRIinUaMQj2fSJAs4E1DTTHJqxBBL6HBp+/2bqNwYgFYtEVY9i8ELSFazDKNFGahdur7HrQ5eJ1A+Jlmw4xu4AaDoct53HKnbdvDsIIq3mbG6IqQEi+Im0C0W7ZM+Al4mTkSLKUGkXXt0gokkIQlNOlGo5dqy9lEjNKIdx3k0UxIT2SRdahgoSgvLS2bVjfGqUAHciaZ7QeKb+TqQkVGoU+mbS7NdTi95U/M9rJbpz5aVMxIkGQecfdRKOdYSn1eGASaCajwwhVDKzK6Y9IgnVpuC8KcFZPHmZ1M9Ljl1yHi6K5fusjhw6RifoDDnoEpXRHaqgGqLoCb2gCXq3nq0368P6nI+uWFnmCP2B9fUNe4yo8w==</latexit><latexit sha1_base64="wcKBShhtwxoe9WdfWzcC5R0Fx2o=">AAACLXicbVDLSgMxFM34rPVVdekmWARXZUYE3QgFXbiSCn1BZyyZzG0bmskMSaa0DP0hN/6KCC4q4tbfMG0H0dYDgcM595B7jx9zprRtT6yV1bX1jc3cVn57Z3dvv3BwWFdRIinUaMQj2fSJAs4E1DTTHJqxBBL6HBp+/2bqNwYgFYtEVY9i8ELSFazDKNFGahdur7HrQ5eJ1A+Jlmw4xu4AaDoct53HKnbdvDsIIq3mbG6IqQEi+Im0C0W7ZM+Al4mTkSLKUGkXXt0gokkIQlNOlGo5dqy9lEjNKIdx3k0UxIT2SRdahgoSgvLS2bVjfGqUAHciaZ7QeKb+TqQkVGoU+mbS7NdTi95U/M9rJbpz5aVMxIkGQecfdRKOdYSn1eGASaCajwwhVDKzK6Y9IgnVpuC8KcFZPHmZ1M9Ljl1yHi6K5fusjhw6RifoDDnoEpXRHaqgGqLoCb2gCXq3nq0368P6nI+uWFnmCP2B9fUNe4yo8w==</latexit><latexit sha1_base64="wcKBShhtwxoe9WdfWzcC5R0Fx2o=">AAACLXicbVDLSgMxFM34rPVVdekmWARXZUYE3QgFXbiSCn1BZyyZzG0bmskMSaa0DP0hN/6KCC4q4tbfMG0H0dYDgcM595B7jx9zprRtT6yV1bX1jc3cVn57Z3dvv3BwWFdRIinUaMQj2fSJAs4E1DTTHJqxBBL6HBp+/2bqNwYgFYtEVY9i8ELSFazDKNFGahdur7HrQ5eJ1A+Jlmw4xu4AaDoct53HKnbdvDsIIq3mbG6IqQEi+Im0C0W7ZM+Al4mTkSLKUGkXXt0gokkIQlNOlGo5dqy9lEjNKIdx3k0UxIT2SRdahgoSgvLS2bVjfGqUAHciaZ7QeKb+TqQkVGoU+mbS7NdTi95U/M9rJbpz5aVMxIkGQecfdRKOdYSn1eGASaCajwwhVDKzK6Y9IgnVpuC8KcFZPHmZ1M9Ljl1yHi6K5fusjhw6RifoDDnoEpXRHaqgGqLoCb2gCXq3nq0368P6nI+uWFnmCP2B9fUNe4yo8w==</latexit>

n >> d
<latexit sha1_base64="dL9cHZAWrRimkcXTc6R2e5z6WIs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpePEkFewHtKFsNpt27WY37G6EEvofvHhQxKv/x5v/xm2ag7Y+GHi8N8PMvCDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTG7mfveJKs2keDDThPoxHgkWMYKNlToCNRooHFZrbt3NgVaJV5AaFGgNq1+DUJI0psIQjrXue25i/Awrwwins8og1TTBZIJHtG+pwDHVfpZfO0NnVglRJJUtYVCu/p7IcKz1NA5sZ4zNWC97c/E/r5+a6NrPmEhSQwVZLIpSjoxE89dRyBQlhk8twUQxeysiY6wwMTagig3BW355lXQu6p5b9+4va827Io4ynMApnIMHV9CEW2hBGwg8wjO8wpsjnRfn3flYtJacYuYY/sD5/AFL3o5Q</latexit><latexit sha1_base64="dL9cHZAWrRimkcXTc6R2e5z6WIs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpePEkFewHtKFsNpt27WY37G6EEvofvHhQxKv/x5v/xm2ag7Y+GHi8N8PMvCDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTG7mfveJKs2keDDThPoxHgkWMYKNlToCNRooHFZrbt3NgVaJV5AaFGgNq1+DUJI0psIQjrXue25i/Awrwwins8og1TTBZIJHtG+pwDHVfpZfO0NnVglRJJUtYVCu/p7IcKz1NA5sZ4zNWC97c/E/r5+a6NrPmEhSQwVZLIpSjoxE89dRyBQlhk8twUQxeysiY6wwMTagig3BW355lXQu6p5b9+4va827Io4ynMApnIMHV9CEW2hBGwg8wjO8wpsjnRfn3flYtJacYuYY/sD5/AFL3o5Q</latexit><latexit sha1_base64="dL9cHZAWrRimkcXTc6R2e5z6WIs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpePEkFewHtKFsNpt27WY37G6EEvofvHhQxKv/x5v/xm2ag7Y+GHi8N8PMvCDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTG7mfveJKs2keDDThPoxHgkWMYKNlToCNRooHFZrbt3NgVaJV5AaFGgNq1+DUJI0psIQjrXue25i/Awrwwins8og1TTBZIJHtG+pwDHVfpZfO0NnVglRJJUtYVCu/p7IcKz1NA5sZ4zNWC97c/E/r5+a6NrPmEhSQwVZLIpSjoxE89dRyBQlhk8twUQxeysiY6wwMTagig3BW355lXQu6p5b9+4va827Io4ynMApnIMHV9CEW2hBGwg8wjO8wpsjnRfn3flYtJacYuYY/sD5/AFL3o5Q</latexit><latexit sha1_base64="dL9cHZAWrRimkcXTc6R2e5z6WIs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0FMpePEkFewHtKFsNpt27WY37G6EEvofvHhQxKv/x5v/xm2ag7Y+GHi8N8PMvCDhTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlqghtE8ml6gVYU84EbRtmOO0liuI44LQbTG7mfveJKs2keDDThPoxHgkWMYKNlToCNRooHFZrbt3NgVaJV5AaFGgNq1+DUJI0psIQjrXue25i/Awrwwins8og1TTBZIJHtG+pwDHVfpZfO0NnVglRJJUtYVCu/p7IcKz1NA5sZ4zNWC97c/E/r5+a6NrPmEhSQwVZLIpSjoxE89dRyBQlhk8twUQxeysiY6wwMTagig3BW355lXQu6p5b9+4va827Io4ynMApnIMHV9CEW2hBGwg8wjO8wpsjnRfn3flYtJacYuYY/sD5/AFL3o5Q</latexit>

=
⇥
~x1 · · · ~xd

⇤
<latexit sha1_base64="nYVJOzPtkBW2vLVEz/BCFYyALSg=">AAACJ3icbVDLSgMxFM34rPU16tJNsCiuyowIulEKblxJBfuATi2ZzG0bmskMSaa0DP0bN/6KG0FFdOmfmLaDaOuBwOGcc8m9x485U9pxPq2FxaXlldXcWn59Y3Nr297ZraookRQqNOKRrPtEAWcCKpppDvVYAgl9DjW/dzX2a32QikXiTg9jaIakI1ibUaKN1LIvL7DnQ4eJ1A+Jlmwwwl4faDoY3bv4CHs0iLQak0wMsAci+Am37IJTdCbA88TNSAFlKLfsFy+IaBKC0JQTpRquE+tmSqRmlMMo7yUKYkJ7pAMNQwUJQTXTyZ0jfGiUALcjaZ7QeKL+nkhJqNQw9E3S7NdVs95Y/M9rJLp93kyZiBMNgk4/aicc6wiPS8MBk0A1HxpCqGRmV0y7RBKqTbV5U4I7e/I8qZ4UXafo3p4WSjdZHTm0jw7QMXLRGSqha1RGFUTRA3pCr+jNerSerXfrYxpdsLKZPfQH1tc3QFSmPA==</latexit><latexit sha1_base64="nYVJOzPtkBW2vLVEz/BCFYyALSg=">AAACJ3icbVDLSgMxFM34rPU16tJNsCiuyowIulEKblxJBfuATi2ZzG0bmskMSaa0DP0bN/6KG0FFdOmfmLaDaOuBwOGcc8m9x485U9pxPq2FxaXlldXcWn59Y3Nr297ZraookRQqNOKRrPtEAWcCKpppDvVYAgl9DjW/dzX2a32QikXiTg9jaIakI1ibUaKN1LIvL7DnQ4eJ1A+Jlmwwwl4faDoY3bv4CHs0iLQak0wMsAci+Am37IJTdCbA88TNSAFlKLfsFy+IaBKC0JQTpRquE+tmSqRmlMMo7yUKYkJ7pAMNQwUJQTXTyZ0jfGiUALcjaZ7QeKL+nkhJqNQw9E3S7NdVs95Y/M9rJLp93kyZiBMNgk4/aicc6wiPS8MBk0A1HxpCqGRmV0y7RBKqTbV5U4I7e/I8qZ4UXafo3p4WSjdZHTm0jw7QMXLRGSqha1RGFUTRA3pCr+jNerSerXfrYxpdsLKZPfQH1tc3QFSmPA==</latexit><latexit sha1_base64="nYVJOzPtkBW2vLVEz/BCFYyALSg=">AAACJ3icbVDLSgMxFM34rPU16tJNsCiuyowIulEKblxJBfuATi2ZzG0bmskMSaa0DP0bN/6KG0FFdOmfmLaDaOuBwOGcc8m9x485U9pxPq2FxaXlldXcWn59Y3Nr297ZraookRQqNOKRrPtEAWcCKpppDvVYAgl9DjW/dzX2a32QikXiTg9jaIakI1ibUaKN1LIvL7DnQ4eJ1A+Jlmwwwl4faDoY3bv4CHs0iLQak0wMsAci+Am37IJTdCbA88TNSAFlKLfsFy+IaBKC0JQTpRquE+tmSqRmlMMo7yUKYkJ7pAMNQwUJQTXTyZ0jfGiUALcjaZ7QeKL+nkhJqNQw9E3S7NdVs95Y/M9rJLp93kyZiBMNgk4/aicc6wiPS8MBk0A1HxpCqGRmV0y7RBKqTbV5U4I7e/I8qZ4UXafo3p4WSjdZHTm0jw7QMXLRGSqha1RGFUTRA3pCr+jNerSerXfrYxpdsLKZPfQH1tc3QFSmPA==</latexit><latexit sha1_base64="nYVJOzPtkBW2vLVEz/BCFYyALSg=">AAACJ3icbVDLSgMxFM34rPU16tJNsCiuyowIulEKblxJBfuATi2ZzG0bmskMSaa0DP0bN/6KG0FFdOmfmLaDaOuBwOGcc8m9x485U9pxPq2FxaXlldXcWn59Y3Nr297ZraookRQqNOKRrPtEAWcCKpppDvVYAgl9DjW/dzX2a32QikXiTg9jaIakI1ibUaKN1LIvL7DnQ4eJ1A+Jlmwwwl4faDoY3bv4CHs0iLQak0wMsAci+Am37IJTdCbA88TNSAFlKLfsFy+IaBKC0JQTpRquE+tmSqRmlMMo7yUKYkJ7pAMNQwUJQTXTyZ0jfGiUALcjaZ7QeKL+nkhJqNQw9E3S7NdVs95Y/M9rJLp93kyZiBMNgk4/aicc6wiPS8MBk0A1HxpCqGRmV0y7RBKqTbV5U4I7e/I8qZ4UXafo3p4WSjdZHTm0jw7QMXLRGSqha1RGFUTRA3pCr+jNerSerXfrYxpdsLKZPfQH1tc3QFSmPA==</latexit>

=

2

66666666664

x1
1 · · · xd

1

...

...

x1
n · · · xd

n

3

77777777775

<latexit sha1_base64="PYSQ8lUvBaQ0KcpyqRZwMA7SF84="></latexit><latexit sha1_base64="PYSQ8lUvBaQ0KcpyqRZwMA7SF84="></latexit><latexit sha1_base64="PYSQ8lUvBaQ0KcpyqRZwMA7SF84="></latexit><latexit sha1_base64="PYSQ8lUvBaQ0KcpyqRZwMA7SF84="></latexit>

ŵ =
�
XTX

��1
XT y

<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>



Why are normal equations the solution?

Xw
<latexit sha1_base64="+B6SIoZTWGg1QukaM70NyJTFyQE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF09S0X5AG8pmO2mXbjZhd6OU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mr2d++xGV5rF8MJME/YgOJQ85o8ZK9x3y1C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3Wanf5nEU4QRO4Rw8qEEdbqABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPo2o2T</latexit><latexit sha1_base64="+B6SIoZTWGg1QukaM70NyJTFyQE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF09S0X5AG8pmO2mXbjZhd6OU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mr2d++xGV5rF8MJME/YgOJQ85o8ZK9x3y1C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3Wanf5nEU4QRO4Rw8qEEdbqABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPo2o2T</latexit><latexit sha1_base64="+B6SIoZTWGg1QukaM70NyJTFyQE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF09S0X5AG8pmO2mXbjZhd6OU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mr2d++xGV5rF8MJME/YgOJQ85o8ZK9x3y1C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3Wanf5nEU4QRO4Rw8qEEdbqABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPo2o2T</latexit><latexit sha1_base64="+B6SIoZTWGg1QukaM70NyJTFyQE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF09S0X5AG8pmO2mXbjZhd6OU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mr2d++xGV5rF8MJME/YgOJQ85o8ZK9x3y1C9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqnd3Wanf5nEU4QRO4Rw8qEEdbqABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPo2o2T</latexit>

2 col(X)
<latexit sha1_base64="PDHdZep8PmcI4Jc8roo24pLhVJg=">AAAB+nicbVDLSgNBEJz1GeMr0aOXwSDES9gVQY8BL54kgnlAsoTZSW8yZHZ2melVw5pP8eJBEa9+iTf/xsnjoIkFDUVV90x3BYkUBl3321lZXVvf2Mxt5bd3dvf2C8WDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPh1cRv3oM2IlZ3OErAj1hfiVBwhlbqFoodoWgH4REz+9i43DrtFkpuxZ2CLhNvTkpkjlq38NXpxTyNQCGXzJi25yboZ0yj4BLG+U5qIGF8yPrQtlSxCIyfTVcf0xOr9GgYa1sK6VT9PZGxyJhRFNjOiOHALHoT8T+vnWJ46WdCJSmC4rOPwlRSjOkkB9oTGjjKkSWMa2F3pXzANONo08rbELzFk5dJ46ziuRXv9rxUvZnHkSNH5JiUiUcuSJVckxqpE04eyDN5JW/Ok/PivDsfs9YVZz5zSP7A+fwBxeKTtA==</latexit><latexit sha1_base64="PDHdZep8PmcI4Jc8roo24pLhVJg=">AAAB+nicbVDLSgNBEJz1GeMr0aOXwSDES9gVQY8BL54kgnlAsoTZSW8yZHZ2melVw5pP8eJBEa9+iTf/xsnjoIkFDUVV90x3BYkUBl3321lZXVvf2Mxt5bd3dvf2C8WDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPh1cRv3oM2IlZ3OErAj1hfiVBwhlbqFoodoWgH4REz+9i43DrtFkpuxZ2CLhNvTkpkjlq38NXpxTyNQCGXzJi25yboZ0yj4BLG+U5qIGF8yPrQtlSxCIyfTVcf0xOr9GgYa1sK6VT9PZGxyJhRFNjOiOHALHoT8T+vnWJ46WdCJSmC4rOPwlRSjOkkB9oTGjjKkSWMa2F3pXzANONo08rbELzFk5dJ46ziuRXv9rxUvZnHkSNH5JiUiUcuSJVckxqpE04eyDN5JW/Ok/PivDsfs9YVZz5zSP7A+fwBxeKTtA==</latexit><latexit sha1_base64="PDHdZep8PmcI4Jc8roo24pLhVJg=">AAAB+nicbVDLSgNBEJz1GeMr0aOXwSDES9gVQY8BL54kgnlAsoTZSW8yZHZ2melVw5pP8eJBEa9+iTf/xsnjoIkFDUVV90x3BYkUBl3321lZXVvf2Mxt5bd3dvf2C8WDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPh1cRv3oM2IlZ3OErAj1hfiVBwhlbqFoodoWgH4REz+9i43DrtFkpuxZ2CLhNvTkpkjlq38NXpxTyNQCGXzJi25yboZ0yj4BLG+U5qIGF8yPrQtlSxCIyfTVcf0xOr9GgYa1sK6VT9PZGxyJhRFNjOiOHALHoT8T+vnWJ46WdCJSmC4rOPwlRSjOkkB9oTGjjKkSWMa2F3pXzANONo08rbELzFk5dJ46ziuRXv9rxUvZnHkSNH5JiUiUcuSJVckxqpE04eyDN5JW/Ok/PivDsfs9YVZz5zSP7A+fwBxeKTtA==</latexit><latexit sha1_base64="PDHdZep8PmcI4Jc8roo24pLhVJg=">AAAB+nicbVDLSgNBEJz1GeMr0aOXwSDES9gVQY8BL54kgnlAsoTZSW8yZHZ2melVw5pP8eJBEa9+iTf/xsnjoIkFDUVV90x3BYkUBl3321lZXVvf2Mxt5bd3dvf2C8WDholTzaHOYxnrVsAMSKGgjgIltBINLAokNIPh1cRv3oM2IlZ3OErAj1hfiVBwhlbqFoodoWgH4REz+9i43DrtFkpuxZ2CLhNvTkpkjlq38NXpxTyNQCGXzJi25yboZ0yj4BLG+U5qIGF8yPrQtlSxCIyfTVcf0xOr9GgYa1sK6VT9PZGxyJhRFNjOiOHALHoT8T+vnWJ46WdCJSmC4rOPwlRSjOkkB9oTGjjKkSWMa2F3pXzANONo08rbELzFk5dJ46ziuRXv9rxUvZnHkSNH5JiUiUcuSJVckxqpE04eyDN5JW/Ok/PivDsfs9YVZz5zSP7A+fwBxeKTtA==</latexit>

⇢ Rn
<latexit sha1_base64="tqqcgpNVgv44ZQsDKI+q6+n8zQg=">AAAB/XicbVDLSgMxFL1TX7W+6mPnJlgEV2VGBF0W3LiSKvYBnbEkaaYNzWSGJCPUofgrblwo4tb/cOffmGm70NYDgcM593JPDkkE18Z1v53C0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1SZYM8ElaxhuBGsniuGICNYiw8vcbz0wpXks78woYUGE+5KHnGJjpW75wNcp0cwgP8JmQEh2O763csWtuhOgReLNSAVmqHfLX34vpmnEpKECa93x3MQEGVaGU8HGJT/VLMF0iPusY6nEEdNBNkk/RsdW6aEwVvZJgybq740MR1qPImIn84x63svF/7xOasKLIOMySQ2TdHooTAUyMcqrQD2uGDViZAmmitusiA6wwtTYwkq2BG/+y4ukeVr13Kp3c1apXc/qKMIhHMEJeHAONbiCOjSAwiM8wyu8OU/Oi/PufExHC85sZx/+wPn8AcEtlXE=</latexit><latexit sha1_base64="tqqcgpNVgv44ZQsDKI+q6+n8zQg=">AAAB/XicbVDLSgMxFL1TX7W+6mPnJlgEV2VGBF0W3LiSKvYBnbEkaaYNzWSGJCPUofgrblwo4tb/cOffmGm70NYDgcM593JPDkkE18Z1v53C0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1SZYM8ElaxhuBGsniuGICNYiw8vcbz0wpXks78woYUGE+5KHnGJjpW75wNcp0cwgP8JmQEh2O763csWtuhOgReLNSAVmqHfLX34vpmnEpKECa93x3MQEGVaGU8HGJT/VLMF0iPusY6nEEdNBNkk/RsdW6aEwVvZJgybq740MR1qPImIn84x63svF/7xOasKLIOMySQ2TdHooTAUyMcqrQD2uGDViZAmmitusiA6wwtTYwkq2BG/+y4ukeVr13Kp3c1apXc/qKMIhHMEJeHAONbiCOjSAwiM8wyu8OU/Oi/PufExHC85sZx/+wPn8AcEtlXE=</latexit><latexit sha1_base64="tqqcgpNVgv44ZQsDKI+q6+n8zQg=">AAAB/XicbVDLSgMxFL1TX7W+6mPnJlgEV2VGBF0W3LiSKvYBnbEkaaYNzWSGJCPUofgrblwo4tb/cOffmGm70NYDgcM593JPDkkE18Z1v53C0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1SZYM8ElaxhuBGsniuGICNYiw8vcbz0wpXks78woYUGE+5KHnGJjpW75wNcp0cwgP8JmQEh2O763csWtuhOgReLNSAVmqHfLX34vpmnEpKECa93x3MQEGVaGU8HGJT/VLMF0iPusY6nEEdNBNkk/RsdW6aEwVvZJgybq740MR1qPImIn84x63svF/7xOasKLIOMySQ2TdHooTAUyMcqrQD2uGDViZAmmitusiA6wwtTYwkq2BG/+y4ukeVr13Kp3c1apXc/qKMIhHMEJeHAONbiCOjSAwiM8wyu8OU/Oi/PufExHC85sZx/+wPn8AcEtlXE=</latexit><latexit sha1_base64="tqqcgpNVgv44ZQsDKI+q6+n8zQg=">AAAB/XicbVDLSgMxFL1TX7W+6mPnJlgEV2VGBF0W3LiSKvYBnbEkaaYNzWSGJCPUofgrblwo4tb/cOffmGm70NYDgcM593JPDkkE18Z1v53C0vLK6lpxvbSxubW9U97da+o4VZQ1aCxi1SZYM8ElaxhuBGsniuGICNYiw8vcbz0wpXks78woYUGE+5KHnGJjpW75wNcp0cwgP8JmQEh2O763csWtuhOgReLNSAVmqHfLX34vpmnEpKECa93x3MQEGVaGU8HGJT/VLMF0iPusY6nEEdNBNkk/RsdW6aEwVvZJgybq740MR1qPImIn84x63svF/7xOasKLIOMySQ2TdHooTAUyMcqrQD2uGDViZAmmitusiA6wwtTYwkq2BG/+y4ukeVr13Kp3c1apXc/qKMIhHMEJeHAONbiCOjSAwiM8wyu8OU/Oi/PufExHC85sZx/+wPn8AcEtlXE=</latexit>

ŵ =
�
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��1
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<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>



Why are normal equations the solution?

y
<latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit>

Xw � y
<latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit>

ŵ =
�
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<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>



Why are normal equations the solution?

y
<latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit><latexit sha1_base64="ipB7hwduQL9ay0QUUkn5HvRGWfM=">AAACE3icbZDLSsNAFIYnXmu9RV26CRZBREISQ1t3BTeupIK9QBrKZDpph04uzEyEEPIObnwVNy4UcevGnW/jpM1CWw8MfPz/OTNnfi+mhAvD+FZWVtfWNzYrW9Xtnd29ffXgsMujhCHcQRGNWN+DHFMS4o4gguJ+zDAMPIp73vS68HsPmHEShfcijbEbwHFIfIKgkNJQPc8Gs0scNvbczNCvmnXLrl8YumE0TMsswGrYl3ae5kO1VshFactgllADZbWH6tdgFKEkwKFAFHLumEYs3AwyQRDFeXWQcBxDNIVj7EgMYYC5m83WybVTqYw0P2LyhEKbqb8nMhhwngae7AygmPBFrxD/85xE+E03I2GcCByi+UN+QjURaUVA2ogwjARNJUDEiNxVQxPIIBIyxqoMwVz88jJ0Ld00dPPOrrVuyzgq4BicgDNgggZogRvQBh2AwCN4Bq/gTXlSXpR35WPeuqKUM0fgTymfP7yrmkY=</latexit>

Xŵ
<latexit sha1_base64="sfd6g8YIvkRn7DbF614h+JJz6p4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4kkimIckS5idTJIhM7PLTK8SlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsHFqGK+zWMamFVHLpdC8jgIlbyWGUxVJ3oxG11O/+ciNFbG+x3HCQ0UHWvQFo+ikhxbpDClmT5NuqexX/BnIMglyUoYctW7pq9OLWaq4Riapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRzVV3IbZ7OAJOXVKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv2rMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRkUXQrD48jJpnFcCvxLcXZSrt3kcBTiGEziDAC6hCjdQgzowUPAMr/DmGe/Fe/c+5q0rXj5zBH/gff4AtcSQYA==</latexit><latexit sha1_base64="sfd6g8YIvkRn7DbF614h+JJz6p4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4kkimIckS5idTJIhM7PLTK8SlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsHFqGK+zWMamFVHLpdC8jgIlbyWGUxVJ3oxG11O/+ciNFbG+x3HCQ0UHWvQFo+ikhxbpDClmT5NuqexX/BnIMglyUoYctW7pq9OLWaq4Riapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRzVV3IbZ7OAJOXVKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv2rMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRkUXQrD48jJpnFcCvxLcXZSrt3kcBTiGEziDAC6hCjdQgzowUPAMr/DmGe/Fe/c+5q0rXj5zBH/gff4AtcSQYA==</latexit><latexit sha1_base64="sfd6g8YIvkRn7DbF614h+JJz6p4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4kkimIckS5idTJIhM7PLTK8SlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsHFqGK+zWMamFVHLpdC8jgIlbyWGUxVJ3oxG11O/+ciNFbG+x3HCQ0UHWvQFo+ikhxbpDClmT5NuqexX/BnIMglyUoYctW7pq9OLWaq4Riapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRzVV3IbZ7OAJOXVKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv2rMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRkUXQrD48jJpnFcCvxLcXZSrt3kcBTiGEziDAC6hCjdQgzowUPAMr/DmGe/Fe/c+5q0rXj5zBH/gff4AtcSQYA==</latexit><latexit sha1_base64="sfd6g8YIvkRn7DbF614h+JJz6p4=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4kkimIckS5idTJIhM7PLTK8SlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vZXVtfWNzcJWcXtnd2+/dHDYsHFqGK+zWMamFVHLpdC8jgIlbyWGUxVJ3oxG11O/+ciNFbG+x3HCQ0UHWvQFo+ikhxbpDClmT5NuqexX/BnIMglyUoYctW7pq9OLWaq4Riapte3ATzDMqEHBJJ8UO6nlCWUjOuBtRzVV3IbZ7OAJOXVKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv2rMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRkUXQrD48jJpnFcCvxLcXZSrt3kcBTiGEziDAC6hCjdQgzowUPAMr/DmGe/Fe/c+5q0rXj5zBH/gff4AtcSQYA==</latexit>
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<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>

Xw � y
<latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit><latexit sha1_base64="YXeJix/vj8Q4jC5W50SCWM7Rwac=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY8FL56kgmkLbSib7aZdu9kNuxslhP4HLx4U8er/8ea/cdvmoK0PBh7vzTAzL0w408Z1v53Syura+kZ5s7K1vbO7V90/aGmZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hrqtx+p0kyKe5MlNIjxULCIEWys1Oo8oTOU9as1t+7OgJaJV5AaFGj2q1+9gSRpTIUhHGvd9dzEBDlWhhFOJ5VeqmmCyRgPaddSgWOqg3x27QSdWGWAIqlsCYNm6u+JHMdaZ3FoO2NsRnrRm4r/ed3URFdBzkSSGirIfFGUcmQkmr6OBkxRYnhmCSaK2VsRGWGFibEBVWwI3uLLy6R1Xvfcund3UWvcFnGU4QiO4RQ8uIQG3EATfCDwAM/wCm+OdF6cd+dj3lpyiplD+APn8weHbI53</latexit>

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>



Outline for today

• Reminders


• Cool ML application of the day


• Quick review of OLS


• Intro to features



Can we model this linearly?

(x1, y1)
(x2, y2)

...
(xn, yn)

<latexit sha1_base64="kubFxFT+dU9pvVJkHaJZDfOlT0A="></latexit><latexit sha1_base64="kubFxFT+dU9pvVJkHaJZDfOlT0A="></latexit><latexit sha1_base64="kubFxFT+dU9pvVJkHaJZDfOlT0A="></latexit><latexit sha1_base64="kubFxFT+dU9pvVJkHaJZDfOlT0A="></latexit>



Can we model this linearly?
w1x

2
i + w2y

2
i + w3xiyi + w4x+ w5y + w6 = 0

<latexit sha1_base64="fWCHTDeRc5uqsZOhXmL3NPqsw5E=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiCUJJaHxul6MZlBfuANobJdNIOnTyYmdiG0L9x46+4EVREl/6Jk7SIth4Y7rnn3sude5yQUSEN41Obm19YXFrOreRX19Y3NvWt7boIIo5JDQcs4E0HCcKoT2qSSkaaISfIcxhpOP2rtN64J1zQwL+VcUgsD3V96lKMpJJs/WJgm3Bo07sSPIQDuwTjH36U6mmeZWU4zOIxjLN4As+hkbf1glE0MsBZYk5IAUxQtfWXdifAkUd8iRkSomUaobQSxCXFjIzy7UiQEOE+6pKWoj7yiLCS7M4R3FdKB7oBV8+XMFN/TyTIEyL2HNXpIdkT07VU/K/WiqR7ZiXUDyNJfDxe5EYMygCmpsEO5QRLFiuCMKfqrxD3EEdYKmtTE8zpk2dJvVQ0jaJ5Uy5ULid25MAu2AMHwASnoAKuQRXUAAYP4Am8gjftUXvW3rWPceucNpnZAX+gfX0DNoCf8Q==</latexit><latexit sha1_base64="fWCHTDeRc5uqsZOhXmL3NPqsw5E=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiCUJJaHxul6MZlBfuANobJdNIOnTyYmdiG0L9x46+4EVREl/6Jk7SIth4Y7rnn3sude5yQUSEN41Obm19YXFrOreRX19Y3NvWt7boIIo5JDQcs4E0HCcKoT2qSSkaaISfIcxhpOP2rtN64J1zQwL+VcUgsD3V96lKMpJJs/WJgm3Bo07sSPIQDuwTjH36U6mmeZWU4zOIxjLN4As+hkbf1glE0MsBZYk5IAUxQtfWXdifAkUd8iRkSomUaobQSxCXFjIzy7UiQEOE+6pKWoj7yiLCS7M4R3FdKB7oBV8+XMFN/TyTIEyL2HNXpIdkT07VU/K/WiqR7ZiXUDyNJfDxe5EYMygCmpsEO5QRLFiuCMKfqrxD3EEdYKmtTE8zpk2dJvVQ0jaJ5Uy5ULid25MAu2AMHwASnoAKuQRXUAAYP4Am8gjftUXvW3rWPceucNpnZAX+gfX0DNoCf8Q==</latexit><latexit sha1_base64="fWCHTDeRc5uqsZOhXmL3NPqsw5E=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiCUJJaHxul6MZlBfuANobJdNIOnTyYmdiG0L9x46+4EVREl/6Jk7SIth4Y7rnn3sude5yQUSEN41Obm19YXFrOreRX19Y3NvWt7boIIo5JDQcs4E0HCcKoT2qSSkaaISfIcxhpOP2rtN64J1zQwL+VcUgsD3V96lKMpJJs/WJgm3Bo07sSPIQDuwTjH36U6mmeZWU4zOIxjLN4As+hkbf1glE0MsBZYk5IAUxQtfWXdifAkUd8iRkSomUaobQSxCXFjIzy7UiQEOE+6pKWoj7yiLCS7M4R3FdKB7oBV8+XMFN/TyTIEyL2HNXpIdkT07VU/K/WiqR7ZiXUDyNJfDxe5EYMygCmpsEO5QRLFiuCMKfqrxD3EEdYKmtTE8zpk2dJvVQ0jaJ5Uy5ULid25MAu2AMHwASnoAKuQRXUAAYP4Am8gjftUXvW3rWPceucNpnZAX+gfX0DNoCf8Q==</latexit><latexit sha1_base64="fWCHTDeRc5uqsZOhXmL3NPqsw5E=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiCUJJaHxul6MZlBfuANobJdNIOnTyYmdiG0L9x46+4EVREl/6Jk7SIth4Y7rnn3sude5yQUSEN41Obm19YXFrOreRX19Y3NvWt7boIIo5JDQcs4E0HCcKoT2qSSkaaISfIcxhpOP2rtN64J1zQwL+VcUgsD3V96lKMpJJs/WJgm3Bo07sSPIQDuwTjH36U6mmeZWU4zOIxjLN4As+hkbf1glE0MsBZYk5IAUxQtfWXdifAkUd8iRkSomUaobQSxCXFjIzy7UiQEOE+6pKWoj7yiLCS7M4R3FdKB7oBV8+XMFN/TyTIEyL2HNXpIdkT07VU/K/WiqR7ZiXUDyNJfDxe5EYMygCmpsEO5QRLFiuCMKfqrxD3EEdYKmtTE8zpk2dJvVQ0jaJ5Uy5ULid25MAu2AMHwASnoAKuQRXUAAYP4Am8gjftUXvW3rWPceucNpnZAX+gfX0DNoCf8Q==</latexit>

min
w

||Xw � 0||2
<latexit sha1_base64="6uxcZwWu4Lxc202wgorLdPInypw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwY0lKYIui25cVrAXaGOYTCft0MkkzEwsJa0bX8WNC0Xc+hbufBunl4W2/jDw8Z9zOHP+IOFMacf5tpaWV1bX1nMb+c2t7Z1de2+/puJUElolMY9lI8CKciZoVTPNaSORFEcBp/Wgdz2u1x+oVCwWd3qQUC/CHcFCRrA2lm8ftiIm/Kw/QsMhaqA+OkOOwfuSbxecojMRWgR3BgWYqeLbX612TNKICk04VqrpOon2Miw1I5yO8q1U0QSTHu7QpkGBI6q8bHLBCJ0Yp43CWJonNJq4vycyHCk1iALTGWHdVfO1sflfrZnq8NLLmEhSTQWZLgpTjnSMxnGgNpOUaD4wgIlk5q+IdLHERJvQ8iYEd/7kRaiViq5TdG/PC+WrWRw5OIJjOAUXLqAMN1CBKhB4hGd4hTfryXqx3q2PaeuSNZs5gD+yPn8ARhSVdQ==</latexit><latexit sha1_base64="6uxcZwWu4Lxc202wgorLdPInypw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwY0lKYIui25cVrAXaGOYTCft0MkkzEwsJa0bX8WNC0Xc+hbufBunl4W2/jDw8Z9zOHP+IOFMacf5tpaWV1bX1nMb+c2t7Z1de2+/puJUElolMY9lI8CKciZoVTPNaSORFEcBp/Wgdz2u1x+oVCwWd3qQUC/CHcFCRrA2lm8ftiIm/Kw/QsMhaqA+OkOOwfuSbxecojMRWgR3BgWYqeLbX612TNKICk04VqrpOon2Miw1I5yO8q1U0QSTHu7QpkGBI6q8bHLBCJ0Yp43CWJonNJq4vycyHCk1iALTGWHdVfO1sflfrZnq8NLLmEhSTQWZLgpTjnSMxnGgNpOUaD4wgIlk5q+IdLHERJvQ8iYEd/7kRaiViq5TdG/PC+WrWRw5OIJjOAUXLqAMN1CBKhB4hGd4hTfryXqx3q2PaeuSNZs5gD+yPn8ARhSVdQ==</latexit><latexit sha1_base64="6uxcZwWu4Lxc202wgorLdPInypw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwY0lKYIui25cVrAXaGOYTCft0MkkzEwsJa0bX8WNC0Xc+hbufBunl4W2/jDw8Z9zOHP+IOFMacf5tpaWV1bX1nMb+c2t7Z1de2+/puJUElolMY9lI8CKciZoVTPNaSORFEcBp/Wgdz2u1x+oVCwWd3qQUC/CHcFCRrA2lm8ftiIm/Kw/QsMhaqA+OkOOwfuSbxecojMRWgR3BgWYqeLbX612TNKICk04VqrpOon2Miw1I5yO8q1U0QSTHu7QpkGBI6q8bHLBCJ0Yp43CWJonNJq4vycyHCk1iALTGWHdVfO1sflfrZnq8NLLmEhSTQWZLgpTjnSMxnGgNpOUaD4wgIlk5q+IdLHERJvQ8iYEd/7kRaiViq5TdG/PC+WrWRw5OIJjOAUXLqAMN1CBKhB4hGd4hTfryXqx3q2PaeuSNZs5gD+yPn8ARhSVdQ==</latexit><latexit sha1_base64="6uxcZwWu4Lxc202wgorLdPInypw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwY0lKYIui25cVrAXaGOYTCft0MkkzEwsJa0bX8WNC0Xc+hbufBunl4W2/jDw8Z9zOHP+IOFMacf5tpaWV1bX1nMb+c2t7Z1de2+/puJUElolMY9lI8CKciZoVTPNaSORFEcBp/Wgdz2u1x+oVCwWd3qQUC/CHcFCRrA2lm8ftiIm/Kw/QsMhaqA+OkOOwfuSbxecojMRWgR3BgWYqeLbX612TNKICk04VqrpOon2Miw1I5yO8q1U0QSTHu7QpkGBI6q8bHLBCJ0Yp43CWJonNJq4vycyHCk1iALTGWHdVfO1sflfrZnq8NLLmEhSTQWZLgpTjnSMxnGgNpOUaD4wgIlk5q+IdLHERJvQ8iYEd/7kRaiViq5TdG/PC+WrWRw5OIJjOAUXLqAMN1CBKhB4hGd4hTfryXqx3q2PaeuSNZs5gD+yPn8ARhSVdQ==</latexit>

X̄ =

2

64
x2
1 y21 x1y1 x1 y1 1
...

...
x2
n y2n xnyn xn yn 1

3

75

<latexit sha1_base64="dF/x/0C5/4knOTF94D+t90wDHCQ="></latexit><latexit sha1_base64="dF/x/0C5/4knOTF94D+t90wDHCQ="></latexit><latexit sha1_base64="dF/x/0C5/4knOTF94D+t90wDHCQ="></latexit><latexit sha1_base64="dF/x/0C5/4knOTF94D+t90wDHCQ="></latexit>

{x2, y2, xy, x, y, 1}
<latexit sha1_base64="whXtkk7U3+UMmuUJ9mJdJ3eVO1o=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCi1KSIuiy4MaVVLAPaGOZTCft0MmDmYk0hIIbf8WNC0Xc+hPu/BsnbRbaemEOh3Pu5c49bsSZVJb1bRRWVtfWN4qbpa3tnd09c/+gJcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Crz2w9USBYGdyqJqOPjYcA8RrDSUt886qWT+1oFJRlMUKKhkqHdm/bNslW1ZoWWiZ2TMuTV6JtfvUFIYp8GinAsZde2IuWkWChGOJ2WerGkESZjPKRdTQPsU+mksxum6FQrA+SFQr9AoZn6eyLFvpSJ7+pOH6uRXPQy8T+vGyvv0klZEMWKBmS+yIs5UiHKAkEDJihRPNEEE8H0XxEZYYGJ0rGVdAj24snLpFWr2lbVvj0v12/yOIpwDCdwBjZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z1oKRzxzCnzI+fwDxPJUr</latexit><latexit sha1_base64="whXtkk7U3+UMmuUJ9mJdJ3eVO1o=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCi1KSIuiy4MaVVLAPaGOZTCft0MmDmYk0hIIbf8WNC0Xc+hPu/BsnbRbaemEOh3Pu5c49bsSZVJb1bRRWVtfWN4qbpa3tnd09c/+gJcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Crz2w9USBYGdyqJqOPjYcA8RrDSUt886qWT+1oFJRlMUKKhkqHdm/bNslW1ZoWWiZ2TMuTV6JtfvUFIYp8GinAsZde2IuWkWChGOJ2WerGkESZjPKRdTQPsU+mksxum6FQrA+SFQr9AoZn6eyLFvpSJ7+pOH6uRXPQy8T+vGyvv0klZEMWKBmS+yIs5UiHKAkEDJihRPNEEE8H0XxEZYYGJ0rGVdAj24snLpFWr2lbVvj0v12/yOIpwDCdwBjZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z1oKRzxzCnzI+fwDxPJUr</latexit><latexit sha1_base64="whXtkk7U3+UMmuUJ9mJdJ3eVO1o=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCi1KSIuiy4MaVVLAPaGOZTCft0MmDmYk0hIIbf8WNC0Xc+hPu/BsnbRbaemEOh3Pu5c49bsSZVJb1bRRWVtfWN4qbpa3tnd09c/+gJcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Crz2w9USBYGdyqJqOPjYcA8RrDSUt886qWT+1oFJRlMUKKhkqHdm/bNslW1ZoWWiZ2TMuTV6JtfvUFIYp8GinAsZde2IuWkWChGOJ2WerGkESZjPKRdTQPsU+mksxum6FQrA+SFQr9AoZn6eyLFvpSJ7+pOH6uRXPQy8T+vGyvv0klZEMWKBmS+yIs5UiHKAkEDJihRPNEEE8H0XxEZYYGJ0rGVdAj24snLpFWr2lbVvj0v12/yOIpwDCdwBjZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z1oKRzxzCnzI+fwDxPJUr</latexit><latexit sha1_base64="whXtkk7U3+UMmuUJ9mJdJ3eVO1o=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCi1KSIuiy4MaVVLAPaGOZTCft0MmDmYk0hIIbf8WNC0Xc+hPu/BsnbRbaemEOh3Pu5c49bsSZVJb1bRRWVtfWN4qbpa3tnd09c/+gJcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Crz2w9USBYGdyqJqOPjYcA8RrDSUt886qWT+1oFJRlMUKKhkqHdm/bNslW1ZoWWiZ2TMuTV6JtfvUFIYp8GinAsZde2IuWkWChGOJ2WerGkESZjPKRdTQPsU+mksxum6FQrA+SFQr9AoZn6eyLFvpSJ7+pOH6uRXPQy8T+vGyvv0klZEMWKBmS+yIs5UiHKAkEDJihRPNEEE8H0XxEZYYGJ0rGVdAj24snLpFWr2lbVvj0v12/yOIpwDCdwBjZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z1oKRzxzCnzI+fwDxPJUr</latexit>



Can we model this linearly?
w1x

2
i + w2y

2
i + w3xiyi + w4xi + w5yi = 1

<latexit sha1_base64="39dta5MnZx+PjMbOHDfhTqXLXNA=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIgQtGLxwr2ATWGzXbTLt082N1YQ+iH8eJX8eLBBx68+FncpEG0dWDhN/+ZYXb+TsiokIbxqRXm5hcWl4rLpZXVtfUNfXOrJYKIY9LEAQt4x0GCMOqTpqSSkU7ICfIcRtrO8CKtt+8IFzTwr2UcEstDfZ+6FCOpJFs/HdkmvLfpbRUewJFdhfEPH6Z6mmdZLctSOsq0M2jaetmoGFnAWTBzKIM8Grb+dtMLcOQRX2KGhOiaRiitBHFJMSPj0k0kSIjwEPVJV6GPPCKsJDtyDPeU0oNuwNXzJczU3xMJ8oSIPUd1ekgOxHQtFf+rdSPpnlgJ9cNIEh9PFrkRgzKAqWOwRznBksUKEOZU/RXiAeIIS+VrSZlgTp88C61qxTQq5lWtXD/P7SiCHbAL9oEJjkEdXIIGaAIMHsATeAGv2qP2rL1rH5PWgpbPbIM/oX19A7H5n+M=</latexit><latexit sha1_base64="39dta5MnZx+PjMbOHDfhTqXLXNA=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIgQtGLxwr2ATWGzXbTLt082N1YQ+iH8eJX8eLBBx68+FncpEG0dWDhN/+ZYXb+TsiokIbxqRXm5hcWl4rLpZXVtfUNfXOrJYKIY9LEAQt4x0GCMOqTpqSSkU7ICfIcRtrO8CKtt+8IFzTwr2UcEstDfZ+6FCOpJFs/HdkmvLfpbRUewJFdhfEPH6Z6mmdZLctSOsq0M2jaetmoGFnAWTBzKIM8Grb+dtMLcOQRX2KGhOiaRiitBHFJMSPj0k0kSIjwEPVJV6GPPCKsJDtyDPeU0oNuwNXzJczU3xMJ8oSIPUd1ekgOxHQtFf+rdSPpnlgJ9cNIEh9PFrkRgzKAqWOwRznBksUKEOZU/RXiAeIIS+VrSZlgTp88C61qxTQq5lWtXD/P7SiCHbAL9oEJjkEdXIIGaAIMHsATeAGv2qP2rL1rH5PWgpbPbIM/oX19A7H5n+M=</latexit><latexit sha1_base64="39dta5MnZx+PjMbOHDfhTqXLXNA=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIgQtGLxwr2ATWGzXbTLt082N1YQ+iH8eJX8eLBBx68+FncpEG0dWDhN/+ZYXb+TsiokIbxqRXm5hcWl4rLpZXVtfUNfXOrJYKIY9LEAQt4x0GCMOqTpqSSkU7ICfIcRtrO8CKtt+8IFzTwr2UcEstDfZ+6FCOpJFs/HdkmvLfpbRUewJFdhfEPH6Z6mmdZLctSOsq0M2jaetmoGFnAWTBzKIM8Grb+dtMLcOQRX2KGhOiaRiitBHFJMSPj0k0kSIjwEPVJV6GPPCKsJDtyDPeU0oNuwNXzJczU3xMJ8oSIPUd1ekgOxHQtFf+rdSPpnlgJ9cNIEh9PFrkRgzKAqWOwRznBksUKEOZU/RXiAeIIS+VrSZlgTp88C61qxTQq5lWtXD/P7SiCHbAL9oEJjkEdXIIGaAIMHsATeAGv2qP2rL1rH5PWgpbPbIM/oX19A7H5n+M=</latexit><latexit sha1_base64="39dta5MnZx+PjMbOHDfhTqXLXNA=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRBKEktaIgQtGLxwr2ATWGzXbTLt082N1YQ+iH8eJX8eLBBx68+FncpEG0dWDhN/+ZYXb+TsiokIbxqRXm5hcWl4rLpZXVtfUNfXOrJYKIY9LEAQt4x0GCMOqTpqSSkU7ICfIcRtrO8CKtt+8IFzTwr2UcEstDfZ+6FCOpJFs/HdkmvLfpbRUewJFdhfEPH6Z6mmdZLctSOsq0M2jaetmoGFnAWTBzKIM8Grb+dtMLcOQRX2KGhOiaRiitBHFJMSPj0k0kSIjwEPVJV6GPPCKsJDtyDPeU0oNuwNXzJczU3xMJ8oSIPUd1ekgOxHQtFf+rdSPpnlgJ9cNIEh9PFrkRgzKAqWOwRznBksUKEOZU/RXiAeIIS+VrSZlgTp88C61qxTQq5lWtXD/P7SiCHbAL9oEJjkEdXIIGaAIMHsATeAGv2qP2rL1rH5PWgpbPbIM/oX19A7H5n+M=</latexit>

min
w

||X̄w �~1||2
<latexit sha1_base64="DFAQKzjJ0S2Ypo/pCLiU0DOem08=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGxUCUVEowVLIxFog+pCZHjOq1Vx4lsp1WVZGbhV1gYQIiVL2Djb3AfA7Qc6UpH59yre+/xY0alsqxvo7Cyura+UdwsbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm4nfGhIhacTv1Tgmboh6nAYUI6Ulzzx2Qsq9Ecwy6PhIpO0cjuA5dIYEp3aeZQ9VzyxbFWsKuEzsOSmDOeqe+eV0I5yEhCvMkJQd24qVmyKhKGYkLzmJJDHCA9QjHU05Col00+krOTzVShcGkdDFFZyqvydSFEo5Dn3dGSLVl4veRPzP6yQquHJTyuNEEY5ni4KEQRXBSS6wSwXBio01QVhQfSvEfSQQVjq9kg7BXnx5mTSrFduq2HcX5dr1PI4iOAIn4AzY4BLUwC2ogwbA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDwi4mdM=</latexit><latexit sha1_base64="DFAQKzjJ0S2Ypo/pCLiU0DOem08=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGxUCUVEowVLIxFog+pCZHjOq1Vx4lsp1WVZGbhV1gYQIiVL2Djb3AfA7Qc6UpH59yre+/xY0alsqxvo7Cyura+UdwsbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm4nfGhIhacTv1Tgmboh6nAYUI6Ulzzx2Qsq9Ecwy6PhIpO0cjuA5dIYEp3aeZQ9VzyxbFWsKuEzsOSmDOeqe+eV0I5yEhCvMkJQd24qVmyKhKGYkLzmJJDHCA9QjHU05Col00+krOTzVShcGkdDFFZyqvydSFEo5Dn3dGSLVl4veRPzP6yQquHJTyuNEEY5ni4KEQRXBSS6wSwXBio01QVhQfSvEfSQQVjq9kg7BXnx5mTSrFduq2HcX5dr1PI4iOAIn4AzY4BLUwC2ogwbA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDwi4mdM=</latexit><latexit sha1_base64="DFAQKzjJ0S2Ypo/pCLiU0DOem08=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGxUCUVEowVLIxFog+pCZHjOq1Vx4lsp1WVZGbhV1gYQIiVL2Djb3AfA7Qc6UpH59yre+/xY0alsqxvo7Cyura+UdwsbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm4nfGhIhacTv1Tgmboh6nAYUI6Ulzzx2Qsq9Ecwy6PhIpO0cjuA5dIYEp3aeZQ9VzyxbFWsKuEzsOSmDOeqe+eV0I5yEhCvMkJQd24qVmyKhKGYkLzmJJDHCA9QjHU05Col00+krOTzVShcGkdDFFZyqvydSFEo5Dn3dGSLVl4veRPzP6yQquHJTyuNEEY5ni4KEQRXBSS6wSwXBio01QVhQfSvEfSQQVjq9kg7BXnx5mTSrFduq2HcX5dr1PI4iOAIn4AzY4BLUwC2ogwbA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDwi4mdM=</latexit><latexit sha1_base64="DFAQKzjJ0S2Ypo/pCLiU0DOem08=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGxUCUVEowVLIxFog+pCZHjOq1Vx4lsp1WVZGbhV1gYQIiVL2Djb3AfA7Qc6UpH59yre+/xY0alsqxvo7Cyura+UdwsbW3v7O6Z+wdNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm4nfGhIhacTv1Tgmboh6nAYUI6Ulzzx2Qsq9Ecwy6PhIpO0cjuA5dIYEp3aeZQ9VzyxbFWsKuEzsOSmDOeqe+eV0I5yEhCvMkJQd24qVmyKhKGYkLzmJJDHCA9QjHU05Col00+krOTzVShcGkdDFFZyqvydSFEo5Dn3dGSLVl4veRPzP6yQquHJTyuNEEY5ni4KEQRXBSS6wSwXBio01QVhQfSvEfSQQVjq9kg7BXnx5mTSrFduq2HcX5dr1PI4iOAIn4AzY4BLUwC2ogwbA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDwi4mdM=</latexit>

X̄ =

2

64
x2
1 y21 x1y1 x1 y1
...

...
x2
n y2n xnyn xn yn

3

75

<latexit sha1_base64="m+2+Tps6ne/0Jkjpudelfg5mRKQ="></latexit><latexit sha1_base64="m+2+Tps6ne/0Jkjpudelfg5mRKQ="></latexit><latexit sha1_base64="m+2+Tps6ne/0Jkjpudelfg5mRKQ="></latexit><latexit sha1_base64="m+2+Tps6ne/0Jkjpudelfg5mRKQ="></latexit>

{x2
1, y

2
1 , x1y1, x1, y1}

<latexit sha1_base64="X3GTyqdLsWUQQJ8iu1sZ/+YNe08=">AAACDXicbZC7TsMwFIadcivhFmBksShIDKhKKiQYK1gYi0QvUhMix3Vaq44T2Q4iivoCLLwKCwMIsbKz8TY4aQdoOZLlz/85R8fnDxJGpbLtb6OytLyyulZdNzc2t7Z3rN29joxTgUkbxywWvQBJwignbUUVI71EEBQFjHSD8VWR794TIWnMb1WWEC9CQ05DipHSkm8dmW7+4Dt3jVOYTS/9KrCEUnQnvlWz63YZcBGcGdTALFq+9eUOYpxGhCvMkJR9x06UlyOhKGZkYrqpJAnCYzQkfY0cRUR6ebnNBB5rZQDDWOjDFSzV3x05iqTMokBXRkiN5HyuEP/L9VMVXng55UmqCMfTQWHKoIphYQ0cUEGwYpkGhAXVf4V4hATCShtoahOc+ZUXodOoO3bduTmrNS9ndlTBATgEJ8AB56AJrkELtAEGj+AZvII348l4Md6Nj2lpxZj17IM/YXz+ACP3mHA=</latexit><latexit sha1_base64="X3GTyqdLsWUQQJ8iu1sZ/+YNe08=">AAACDXicbZC7TsMwFIadcivhFmBksShIDKhKKiQYK1gYi0QvUhMix3Vaq44T2Q4iivoCLLwKCwMIsbKz8TY4aQdoOZLlz/85R8fnDxJGpbLtb6OytLyyulZdNzc2t7Z3rN29joxTgUkbxywWvQBJwignbUUVI71EEBQFjHSD8VWR794TIWnMb1WWEC9CQ05DipHSkm8dmW7+4Dt3jVOYTS/9KrCEUnQnvlWz63YZcBGcGdTALFq+9eUOYpxGhCvMkJR9x06UlyOhKGZkYrqpJAnCYzQkfY0cRUR6ebnNBB5rZQDDWOjDFSzV3x05iqTMokBXRkiN5HyuEP/L9VMVXng55UmqCMfTQWHKoIphYQ0cUEGwYpkGhAXVf4V4hATCShtoahOc+ZUXodOoO3bduTmrNS9ndlTBATgEJ8AB56AJrkELtAEGj+AZvII348l4Md6Nj2lpxZj17IM/YXz+ACP3mHA=</latexit><latexit sha1_base64="X3GTyqdLsWUQQJ8iu1sZ/+YNe08=">AAACDXicbZC7TsMwFIadcivhFmBksShIDKhKKiQYK1gYi0QvUhMix3Vaq44T2Q4iivoCLLwKCwMIsbKz8TY4aQdoOZLlz/85R8fnDxJGpbLtb6OytLyyulZdNzc2t7Z3rN29joxTgUkbxywWvQBJwignbUUVI71EEBQFjHSD8VWR794TIWnMb1WWEC9CQ05DipHSkm8dmW7+4Dt3jVOYTS/9KrCEUnQnvlWz63YZcBGcGdTALFq+9eUOYpxGhCvMkJR9x06UlyOhKGZkYrqpJAnCYzQkfY0cRUR6ebnNBB5rZQDDWOjDFSzV3x05iqTMokBXRkiN5HyuEP/L9VMVXng55UmqCMfTQWHKoIphYQ0cUEGwYpkGhAXVf4V4hATCShtoahOc+ZUXodOoO3bduTmrNS9ndlTBATgEJ8AB56AJrkELtAEGj+AZvII348l4Md6Nj2lpxZj17IM/YXz+ACP3mHA=</latexit><latexit sha1_base64="X3GTyqdLsWUQQJ8iu1sZ/+YNe08=">AAACDXicbZC7TsMwFIadcivhFmBksShIDKhKKiQYK1gYi0QvUhMix3Vaq44T2Q4iivoCLLwKCwMIsbKz8TY4aQdoOZLlz/85R8fnDxJGpbLtb6OytLyyulZdNzc2t7Z3rN29joxTgUkbxywWvQBJwignbUUVI71EEBQFjHSD8VWR794TIWnMb1WWEC9CQ05DipHSkm8dmW7+4Dt3jVOYTS/9KrCEUnQnvlWz63YZcBGcGdTALFq+9eUOYpxGhCvMkJR9x06UlyOhKGZkYrqpJAnCYzQkfY0cRUR6ebnNBB5rZQDDWOjDFSzV3x05iqTMokBXRkiN5HyuEP/L9VMVXng55UmqCMfTQWHKoIphYQ0cUEGwYpkGhAXVf4V4hATCShtoahOc+ZUXodOoO3bduTmrNS9ndlTBATgEJ8AB56AJrkELtAEGj+AZvII348l4Md6Nj2lpxZj17IM/YXz+ACP3mHA=</latexit>



Another example

ŷi = w1xi
<latexit sha1_base64="izzH+8hYrNh8fwyecPS86Cr0KbE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRIRdCMU3bisYB/QhjCZTtuhk0mYuVFjKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWEiuAbX/bYWFpeWV1ZLa/b6xubWtrOz29Bxqiir01jEqhUSzQSXrA4cBGslipEoFKwZDq/GfvOOKc1jeQtZwvyI9CXvcUrASIGzb3cGBPIs4CN8ge8DDz8EPHDKbsWdAM8TryBlVKAWOF+dbkzTiEmggmjd9twE/Jwo4FSwkd1JNUsIHZI+axsqScS0n0+uH+Ejo3RxL1amJOCJ+nsiJ5HWWRSazojAQM96Y/E/r51C79zPuUxSYJJOF/VSgSHG4yhwlytGQWSGEKq4uRXTAVGEggnMNiF4sy/Pk8ZJxXMr3s1puXpZxFFCB+gQHSMPnaEqukY1VEcUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AeNglDM=</latexit><latexit sha1_base64="izzH+8hYrNh8fwyecPS86Cr0KbE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRIRdCMU3bisYB/QhjCZTtuhk0mYuVFjKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWEiuAbX/bYWFpeWV1ZLa/b6xubWtrOz29Bxqiir01jEqhUSzQSXrA4cBGslipEoFKwZDq/GfvOOKc1jeQtZwvyI9CXvcUrASIGzb3cGBPIs4CN8ge8DDz8EPHDKbsWdAM8TryBlVKAWOF+dbkzTiEmggmjd9twE/Jwo4FSwkd1JNUsIHZI+axsqScS0n0+uH+Ejo3RxL1amJOCJ+nsiJ5HWWRSazojAQM96Y/E/r51C79zPuUxSYJJOF/VSgSHG4yhwlytGQWSGEKq4uRXTAVGEggnMNiF4sy/Pk8ZJxXMr3s1puXpZxFFCB+gQHSMPnaEqukY1VEcUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AeNglDM=</latexit><latexit sha1_base64="izzH+8hYrNh8fwyecPS86Cr0KbE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRIRdCMU3bisYB/QhjCZTtuhk0mYuVFjKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWEiuAbX/bYWFpeWV1ZLa/b6xubWtrOz29Bxqiir01jEqhUSzQSXrA4cBGslipEoFKwZDq/GfvOOKc1jeQtZwvyI9CXvcUrASIGzb3cGBPIs4CN8ge8DDz8EPHDKbsWdAM8TryBlVKAWOF+dbkzTiEmggmjd9twE/Jwo4FSwkd1JNUsIHZI+axsqScS0n0+uH+Ejo3RxL1amJOCJ+nsiJ5HWWRSazojAQM96Y/E/r51C79zPuUxSYJJOF/VSgSHG4yhwlytGQWSGEKq4uRXTAVGEggnMNiF4sy/Pk8ZJxXMr3s1puXpZxFFCB+gQHSMPnaEqukY1VEcUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AeNglDM=</latexit><latexit sha1_base64="izzH+8hYrNh8fwyecPS86Cr0KbE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0VwVRIRdCMU3bisYB/QhjCZTtuhk0mYuVFjKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWEiuAbX/bYWFpeWV1ZLa/b6xubWtrOz29Bxqiir01jEqhUSzQSXrA4cBGslipEoFKwZDq/GfvOOKc1jeQtZwvyI9CXvcUrASIGzb3cGBPIs4CN8ge8DDz8EPHDKbsWdAM8TryBlVKAWOF+dbkzTiEmggmjd9twE/Jwo4FSwkd1JNUsIHZI+axsqScS0n0+uH+Ejo3RxL1amJOCJ+nsiJ5HWWRSazojAQM96Y/E/r51C79zPuUxSYJJOF/VSgSHG4yhwlytGQWSGEKq4uRXTAVGEggnMNiF4sy/Pk8ZJxXMr3s1puXpZxFFCB+gQHSMPnaEqukY1VEcUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AeNglDM=</latexit>

{x}
<latexit sha1_base64="nK1DzUk6QbmhX89SCjd9KE5tMSo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi00oWy203bpZhN2N2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqRFSj4BJ9w43ATqqQxpHAdjS+nfntR1SaJ/LBTFIMYzqUfMAZNVbyg/wpmPaqNbfuzkFWiVeQGhRo9qpfQT9hWYzSMEG17npuasKcKsOZwGklyDSmlI3pELuWShqjDvP5sVNyZpU+GSTKljRkrv6eyGms9SSObGdMzUgvezPxP6+bmcF1mHOZZgYlWywaZIKYhMw+J32ukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt27v6w1boo4ynACp3AOHlxBA+6gCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8ADP6O1A==</latexit><latexit sha1_base64="nK1DzUk6QbmhX89SCjd9KE5tMSo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi00oWy203bpZhN2N2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqRFSj4BJ9w43ATqqQxpHAdjS+nfntR1SaJ/LBTFIMYzqUfMAZNVbyg/wpmPaqNbfuzkFWiVeQGhRo9qpfQT9hWYzSMEG17npuasKcKsOZwGklyDSmlI3pELuWShqjDvP5sVNyZpU+GSTKljRkrv6eyGms9SSObGdMzUgvezPxP6+bmcF1mHOZZgYlWywaZIKYhMw+J32ukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt27v6w1boo4ynACp3AOHlxBA+6gCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8ADP6O1A==</latexit><latexit sha1_base64="nK1DzUk6QbmhX89SCjd9KE5tMSo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi00oWy203bpZhN2N2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqRFSj4BJ9w43ATqqQxpHAdjS+nfntR1SaJ/LBTFIMYzqUfMAZNVbyg/wpmPaqNbfuzkFWiVeQGhRo9qpfQT9hWYzSMEG17npuasKcKsOZwGklyDSmlI3pELuWShqjDvP5sVNyZpU+GSTKljRkrv6eyGms9SSObGdMzUgvezPxP6+bmcF1mHOZZgYlWywaZIKYhMw+J32ukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt27v6w1boo4ynACp3AOHlxBA+6gCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8ADP6O1A==</latexit><latexit sha1_base64="nK1DzUk6QbmhX89SCjd9KE5tMSo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi00oWy203bpZhN2N2IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqRFSj4BJ9w43ATqqQxpHAdjS+nfntR1SaJ/LBTFIMYzqUfMAZNVbyg/wpmPaqNbfuzkFWiVeQGhRo9qpfQT9hWYzSMEG17npuasKcKsOZwGklyDSmlI3pELuWShqjDvP5sVNyZpU+GSTKljRkrv6eyGms9SSObGdMzUgvezPxP6+bmcF1mHOZZgYlWywaZIKYhMw+J32ukBkxsYQyxe2thI2ooszYfCo2BG/55VXSuqh7bt27v6w1boo4ynACp3AOHlxBA+6gCT4w4PAMr/DmSOfFeXc+Fq0lp5g5hj9wPn8ADP6O1A==</latexit>

Model

Features



Linear (affine) model

ŷi = w1xi + w0
<latexit sha1_base64="2ypI5cNm0c48l2ec+jdfCgWNiBE=">AAACA3icbZDLSsNAFIZP6q3GW9SdbgaLIAglEUE3QtGNywr2Am0Ik+mkHTq5MDNRQyi48VXcuFDErS/hzrdx2mahrT8MfPznHM6c3084k8q2v43SwuLS8kp51Vxb39jcsrZ3mjJOBaENEvNYtH0sKWcRbSimOG0nguLQ57TlD6/G9dYdFZLF0a3KEuqGuB+xgBGstOVZe2Z3gFWeeWyELtC956AHj6FjTbZnVeyqPRGaB6eAChSqe9ZXtxeTNKSRIhxL2XHsRLk5FooRTkdmN5U0wWSI+7SjMcIhlW4+uWGEDrXTQ0Es9IsUmri/J3IcSpmFvu4MsRrI2drY/K/WSVVw7uYsSlJFIzJdFKQcqRiNA0E9JihRPNOAiWD6r4gMsMBE6dhMHYIze/I8NE+qjl11bk4rtcsijjLswwEcgQNnUINrqEMDCDzCM7zCm/FkvBjvxse0tWQUM7vwR8bnDx1tleA=</latexit><latexit sha1_base64="2ypI5cNm0c48l2ec+jdfCgWNiBE=">AAACA3icbZDLSsNAFIZP6q3GW9SdbgaLIAglEUE3QtGNywr2Am0Ik+mkHTq5MDNRQyi48VXcuFDErS/hzrdx2mahrT8MfPznHM6c3084k8q2v43SwuLS8kp51Vxb39jcsrZ3mjJOBaENEvNYtH0sKWcRbSimOG0nguLQ57TlD6/G9dYdFZLF0a3KEuqGuB+xgBGstOVZe2Z3gFWeeWyELtC956AHj6FjTbZnVeyqPRGaB6eAChSqe9ZXtxeTNKSRIhxL2XHsRLk5FooRTkdmN5U0wWSI+7SjMcIhlW4+uWGEDrXTQ0Es9IsUmri/J3IcSpmFvu4MsRrI2drY/K/WSVVw7uYsSlJFIzJdFKQcqRiNA0E9JihRPNOAiWD6r4gMsMBE6dhMHYIze/I8NE+qjl11bk4rtcsijjLswwEcgQNnUINrqEMDCDzCM7zCm/FkvBjvxse0tWQUM7vwR8bnDx1tleA=</latexit><latexit sha1_base64="2ypI5cNm0c48l2ec+jdfCgWNiBE=">AAACA3icbZDLSsNAFIZP6q3GW9SdbgaLIAglEUE3QtGNywr2Am0Ik+mkHTq5MDNRQyi48VXcuFDErS/hzrdx2mahrT8MfPznHM6c3084k8q2v43SwuLS8kp51Vxb39jcsrZ3mjJOBaENEvNYtH0sKWcRbSimOG0nguLQ57TlD6/G9dYdFZLF0a3KEuqGuB+xgBGstOVZe2Z3gFWeeWyELtC956AHj6FjTbZnVeyqPRGaB6eAChSqe9ZXtxeTNKSRIhxL2XHsRLk5FooRTkdmN5U0wWSI+7SjMcIhlW4+uWGEDrXTQ0Es9IsUmri/J3IcSpmFvu4MsRrI2drY/K/WSVVw7uYsSlJFIzJdFKQcqRiNA0E9JihRPNOAiWD6r4gMsMBE6dhMHYIze/I8NE+qjl11bk4rtcsijjLswwEcgQNnUINrqEMDCDzCM7zCm/FkvBjvxse0tWQUM7vwR8bnDx1tleA=</latexit><latexit sha1_base64="2ypI5cNm0c48l2ec+jdfCgWNiBE=">AAACA3icbZDLSsNAFIZP6q3GW9SdbgaLIAglEUE3QtGNywr2Am0Ik+mkHTq5MDNRQyi48VXcuFDErS/hzrdx2mahrT8MfPznHM6c3084k8q2v43SwuLS8kp51Vxb39jcsrZ3mjJOBaENEvNYtH0sKWcRbSimOG0nguLQ57TlD6/G9dYdFZLF0a3KEuqGuB+xgBGstOVZe2Z3gFWeeWyELtC956AHj6FjTbZnVeyqPRGaB6eAChSqe9ZXtxeTNKSRIhxL2XHsRLk5FooRTkdmN5U0wWSI+7SjMcIhlW4+uWGEDrXTQ0Es9IsUmri/J3IcSpmFvu4MsRrI2drY/K/WSVVw7uYsSlJFIzJdFKQcqRiNA0E9JihRPNOAiWD6r4gMsMBE6dhMHYIze/I8NE+qjl11bk4rtcsijjLswwEcgQNnUINrqEMDCDzCM7zCm/FkvBjvxse0tWQUM7vwR8bnDx1tleA=</latexit>

{1, x}
<latexit sha1_base64="YK378MiC5tS7QCdHvcvfSAO4J5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gDWWznbRLN5u4uxFL6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YhK81jem3GCfkQHkoecUWOldjfzzshTd9IrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+b3TshJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZk+T/pcITNibAllittbCRtSRZmxEZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAQMAzvMKb8+C8OO/Ox7y14OQzh/AHzucPPdWPbw==</latexit><latexit sha1_base64="YK378MiC5tS7QCdHvcvfSAO4J5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gDWWznbRLN5u4uxFL6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YhK81jem3GCfkQHkoecUWOldjfzzshTd9IrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+b3TshJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZk+T/pcITNibAllittbCRtSRZmxEZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAQMAzvMKb8+C8OO/Ox7y14OQzh/AHzucPPdWPbw==</latexit><latexit sha1_base64="YK378MiC5tS7QCdHvcvfSAO4J5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gDWWznbRLN5u4uxFL6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YhK81jem3GCfkQHkoecUWOldjfzzshTd9IrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+b3TshJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZk+T/pcITNibAllittbCRtSRZmxEZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAQMAzvMKb8+C8OO/Ox7y14OQzh/AHzucPPdWPbw==</latexit><latexit sha1_base64="YK378MiC5tS7QCdHvcvfSAO4J5M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYD+gDWWznbRLN5u4uxFL6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YhK81jem3GCfkQHkoecUWOldjfzzshTd9IrV9yqOwNZJl5OKpCj3it/dfsxSyOUhgmqdcdzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+b3TshJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZk+T/pcITNibAllittbCRtSRZmxEZVsCN7iy8ukeV713Kp3d1GpXedxFOEIjuEUPLiEGtxCHRrAQMAzvMKb8+C8OO/Ox7y14OQzh/AHzucPPdWPbw==</latexit>

Model

Features



Quadratic model

ŷi = w2x
2
i + w1xi + w0

<latexit sha1_base64="GK0Ve0MOzJo3PSx4Zu1jrdVs+hA=">AAACD3icbZDLSsNAFIYn9VbjLerSzWBRBKEkRdCNUHTjsoK9QBvDZDpph04mYWailtA3cOOruHGhiFu37nwbJ2kW2vrDwMd/zuHM+f2YUals+9soLSwuLa+UV8219Y3NLWt7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3SZ1dt3REga8Rs1jokbogGnAcVIacuzDs3eEKl07NEJPIf3Xg0+ePS2Bo81OxnnZHtWxa7aueA8OAVUQKGGZ331+hFOQsIVZkjKrmPHyk2RUBQzMjF7iSQxwiM0IF2NHIVEuml+zwQeaKcPg0joxxXM3d8TKQqlHIe+7gyRGsrZWmb+V+smKjhzU8rjRBGOp4uChEEVwSwc2KeCYMXGGhAWVP8V4iESCCsdoalDcGZPnodWrerYVef6pFK/KOIogz2wD46AA05BHVyBBmgCDB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwB0spm7</latexit><latexit sha1_base64="GK0Ve0MOzJo3PSx4Zu1jrdVs+hA=">AAACD3icbZDLSsNAFIYn9VbjLerSzWBRBKEkRdCNUHTjsoK9QBvDZDpph04mYWailtA3cOOruHGhiFu37nwbJ2kW2vrDwMd/zuHM+f2YUals+9soLSwuLa+UV8219Y3NLWt7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3SZ1dt3REga8Rs1jokbogGnAcVIacuzDs3eEKl07NEJPIf3Xg0+ePS2Bo81OxnnZHtWxa7aueA8OAVUQKGGZ331+hFOQsIVZkjKrmPHyk2RUBQzMjF7iSQxwiM0IF2NHIVEuml+zwQeaKcPg0joxxXM3d8TKQqlHIe+7gyRGsrZWmb+V+smKjhzU8rjRBGOp4uChEEVwSwc2KeCYMXGGhAWVP8V4iESCCsdoalDcGZPnodWrerYVef6pFK/KOIogz2wD46AA05BHVyBBmgCDB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwB0spm7</latexit><latexit sha1_base64="GK0Ve0MOzJo3PSx4Zu1jrdVs+hA=">AAACD3icbZDLSsNAFIYn9VbjLerSzWBRBKEkRdCNUHTjsoK9QBvDZDpph04mYWailtA3cOOruHGhiFu37nwbJ2kW2vrDwMd/zuHM+f2YUals+9soLSwuLa+UV8219Y3NLWt7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3SZ1dt3REga8Rs1jokbogGnAcVIacuzDs3eEKl07NEJPIf3Xg0+ePS2Bo81OxnnZHtWxa7aueA8OAVUQKGGZ331+hFOQsIVZkjKrmPHyk2RUBQzMjF7iSQxwiM0IF2NHIVEuml+zwQeaKcPg0joxxXM3d8TKQqlHIe+7gyRGsrZWmb+V+smKjhzU8rjRBGOp4uChEEVwSwc2KeCYMXGGhAWVP8V4iESCCsdoalDcGZPnodWrerYVef6pFK/KOIogz2wD46AA05BHVyBBmgCDB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwB0spm7</latexit><latexit sha1_base64="GK0Ve0MOzJo3PSx4Zu1jrdVs+hA=">AAACD3icbZDLSsNAFIYn9VbjLerSzWBRBKEkRdCNUHTjsoK9QBvDZDpph04mYWailtA3cOOruHGhiFu37nwbJ2kW2vrDwMd/zuHM+f2YUals+9soLSwuLa+UV8219Y3NLWt7pyWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3SZ1dt3REga8Rs1jokbogGnAcVIacuzDs3eEKl07NEJPIf3Xg0+ePS2Bo81OxnnZHtWxa7aueA8OAVUQKGGZ331+hFOQsIVZkjKrmPHyk2RUBQzMjF7iSQxwiM0IF2NHIVEuml+zwQeaKcPg0joxxXM3d8TKQqlHIe+7gyRGsrZWmb+V+smKjhzU8rjRBGOp4uChEEVwSwc2KeCYMXGGhAWVP8V4iESCCsdoalDcGZPnodWrerYVef6pFK/KOIogz2wD46AA05BHVyBBmgCDB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzI+fwB0spm7</latexit>

{1, x, x2}
<latexit sha1_base64="TMsGAs3NjXwAEJkMzBjHn7O+OE8=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpgi6LblxWsA/ojCWTZtrQJDMmmWIZ+h1uXCji1o9x59+YtrPQ1sO9cDjnXnJzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Ub42o0iyW92ac0EDgvmQRI9hYKfAz7xw92Xqo+pNuqexW3BnQMvFyUoYc9W7py+/FJBVUGsKx1h3PTUyQYWUY4XRS9FNNE0yGuE87lkosqA6y2dETdGqVHopiZVsaNFN/b2RYaD0WoZ0U2Az0ojcV//M6qYmugozJJDVUkvlDUcqRidE0AdRjihLDx5Zgopi9FZEBVpgYm1PRhuAtfnmZNKsVz614dxfl2nUeRwGO4QTOwINLqMEt1KEBBB7hGV7hzRk5L8678zEfXXHynSP4A+fzBwgikPU=</latexit><latexit sha1_base64="TMsGAs3NjXwAEJkMzBjHn7O+OE8=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpgi6LblxWsA/ojCWTZtrQJDMmmWIZ+h1uXCji1o9x59+YtrPQ1sO9cDjnXnJzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Ub42o0iyW92ac0EDgvmQRI9hYKfAz7xw92Xqo+pNuqexW3BnQMvFyUoYc9W7py+/FJBVUGsKx1h3PTUyQYWUY4XRS9FNNE0yGuE87lkosqA6y2dETdGqVHopiZVsaNFN/b2RYaD0WoZ0U2Az0ojcV//M6qYmugozJJDVUkvlDUcqRidE0AdRjihLDx5Zgopi9FZEBVpgYm1PRhuAtfnmZNKsVz614dxfl2nUeRwGO4QTOwINLqMEt1KEBBB7hGV7hzRk5L8678zEfXXHynSP4A+fzBwgikPU=</latexit><latexit sha1_base64="TMsGAs3NjXwAEJkMzBjHn7O+OE8=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpgi6LblxWsA/ojCWTZtrQJDMmmWIZ+h1uXCji1o9x59+YtrPQ1sO9cDjnXnJzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Ub42o0iyW92ac0EDgvmQRI9hYKfAz7xw92Xqo+pNuqexW3BnQMvFyUoYc9W7py+/FJBVUGsKx1h3PTUyQYWUY4XRS9FNNE0yGuE87lkosqA6y2dETdGqVHopiZVsaNFN/b2RYaD0WoZ0U2Az0ojcV//M6qYmugozJJDVUkvlDUcqRidE0AdRjihLDx5Zgopi9FZEBVpgYm1PRhuAtfnmZNKsVz614dxfl2nUeRwGO4QTOwINLqMEt1KEBBB7hGV7hzRk5L8678zEfXXHynSP4A+fzBwgikPU=</latexit><latexit sha1_base64="TMsGAs3NjXwAEJkMzBjHn7O+OE8=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpgi6LblxWsA/ojCWTZtrQJDMmmWIZ+h1uXCji1o9x59+YtrPQ1sO9cDjnXnJzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4c3Ub42o0iyW92ac0EDgvmQRI9hYKfAz7xw92Xqo+pNuqexW3BnQMvFyUoYc9W7py+/FJBVUGsKx1h3PTUyQYWUY4XRS9FNNE0yGuE87lkosqA6y2dETdGqVHopiZVsaNFN/b2RYaD0WoZ0U2Az0ojcV//M6qYmugozJJDVUkvlDUcqRidE0AdRjihLDx5Zgopi9FZEBVpgYm1PRhuAtfnmZNKsVz614dxfl2nUeRwGO4QTOwINLqMEt1KEBBB7hGV7hzRk5L8678zEfXXHynSP4A+fzBwgikPU=</latexit>

Model

Features



Polynomial features

Model

Features

ŷi =
pX

j=0

wjx
j
i

<latexit sha1_base64="GBqLQTzsoteQ+A3mGabtppbF2E8=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6KZQcONKKtgHNGmYTCfttJNJmJmoIXTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy+nfvuOCEkjfqvSmLghGnAaUIyUljyz7AyRytKJR2ENOjIJvWxUsya9GN57I/jg0d7IMytW1ZoBLhM7JxWQo+GZX04/wklIuMIMSdm1rVi5GRKKYkYmJSeRJEZ4jAakqylHIZFuNvtlAo+10odBJHRxBWfq74kMhVKmoa87Q6SGctGbiv953UQFF25GeZwowvF8UZAwqCI4DQb2qSBYsVQThAXVt0I8RAJhpeMr6RDsxZeXSeu0altV++asUr/O4yiCI1AGJ8AG56AOrkADNAEGj+AZvII348l4Md6Nj3lrwchnDsEfGJ8/Po2ajw==</latexit><latexit sha1_base64="GBqLQTzsoteQ+A3mGabtppbF2E8=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6KZQcONKKtgHNGmYTCfttJNJmJmoIXTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy+nfvuOCEkjfqvSmLghGnAaUIyUljyz7AyRytKJR2ENOjIJvWxUsya9GN57I/jg0d7IMytW1ZoBLhM7JxWQo+GZX04/wklIuMIMSdm1rVi5GRKKYkYmJSeRJEZ4jAakqylHIZFuNvtlAo+10odBJHRxBWfq74kMhVKmoa87Q6SGctGbiv953UQFF25GeZwowvF8UZAwqCI4DQb2qSBYsVQThAXVt0I8RAJhpeMr6RDsxZeXSeu0altV++asUr/O4yiCI1AGJ8AG56AOrkADNAEGj+AZvII348l4Md6Nj3lrwchnDsEfGJ8/Po2ajw==</latexit><latexit sha1_base64="GBqLQTzsoteQ+A3mGabtppbF2E8=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6KZQcONKKtgHNGmYTCfttJNJmJmoIXTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy+nfvuOCEkjfqvSmLghGnAaUIyUljyz7AyRytKJR2ENOjIJvWxUsya9GN57I/jg0d7IMytW1ZoBLhM7JxWQo+GZX04/wklIuMIMSdm1rVi5GRKKYkYmJSeRJEZ4jAakqylHIZFuNvtlAo+10odBJHRxBWfq74kMhVKmoa87Q6SGctGbiv953UQFF25GeZwowvF8UZAwqCI4DQb2qSBYsVQThAXVt0I8RAJhpeMr6RDsxZeXSeu0altV++asUr/O4yiCI1AGJ8AG56AOrkADNAEGj+AZvII348l4Md6Nj3lrwchnDsEfGJ8/Po2ajw==</latexit><latexit sha1_base64="GBqLQTzsoteQ+A3mGabtppbF2E8=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQi6KZQcONKKtgHNGmYTCfttJNJmJmoIXTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4ftGSUCEyaOGKR6PhIEkY5aSqqGOnEgqDQZ6Ttjy+nfvuOCEkjfqvSmLghGnAaUIyUljyz7AyRytKJR2ENOjIJvWxUsya9GN57I/jg0d7IMytW1ZoBLhM7JxWQo+GZX04/wklIuMIMSdm1rVi5GRKKYkYmJSeRJEZ4jAakqylHIZFuNvtlAo+10odBJHRxBWfq74kMhVKmoa87Q6SGctGbiv953UQFF25GeZwowvF8UZAwqCI4DQb2qSBYsVQThAXVt0I8RAJhpeMr6RDsxZeXSeu0altV++asUr/O4yiCI1AGJ8AG56AOrkADNAEGj+AZvII348l4Md6Nj3lrwchnDsEfGJ8/Po2ajw==</latexit>

Original data

X =

2

64
x1
...
xn

3

75

<latexit sha1_base64="7CrEG4kD7Rw8CTFkZ1TVKdAqz4U=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSiKKboSCG1dSwT6gCWEyuWmHTiZhZlJaQr/Ejb/ixoUigiv9G6cPUFsPDBzOOZe59wQpZ0rb9pe1tLyyurZe2Chubm3v7Jb29hsqySSFOk14IlsBUcCZgLpmmkMrlUDigEMz6F2P/WYfpGKJuNfDFLyYdASLGCXaSH7pvIWvsBtAh4k8iImWbDDCA9/BrovdfphoZdjAFy6I8Cfgl8p2xZ4ALxJnRspohppf+nDDhGYxCE05Uart2Kn2ciI1oxxGRTdTkBLaIx1oGypIDMrLJ+eN8LFRQhwl0jyh8UT9PZGTWKlhHJikWbCr5r2x+J/XznR06eVMpJkGQacfRRnHOsHjrnDIJFDNh4YQKpnZFdMukYRq02jRlODMn7xIGqcVx644d2fl6u2sjgI6REfoBDnoAlXRDaqhOqLoAT2hF/RqPVrP1pv1Po0uWbOZA/QH1uc3zG+iWQ==</latexit><latexit sha1_base64="7CrEG4kD7Rw8CTFkZ1TVKdAqz4U=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSiKKboSCG1dSwT6gCWEyuWmHTiZhZlJaQr/Ejb/ixoUigiv9G6cPUFsPDBzOOZe59wQpZ0rb9pe1tLyyurZe2Chubm3v7Jb29hsqySSFOk14IlsBUcCZgLpmmkMrlUDigEMz6F2P/WYfpGKJuNfDFLyYdASLGCXaSH7pvIWvsBtAh4k8iImWbDDCA9/BrovdfphoZdjAFy6I8Cfgl8p2xZ4ALxJnRspohppf+nDDhGYxCE05Uart2Kn2ciI1oxxGRTdTkBLaIx1oGypIDMrLJ+eN8LFRQhwl0jyh8UT9PZGTWKlhHJikWbCr5r2x+J/XznR06eVMpJkGQacfRRnHOsHjrnDIJFDNh4YQKpnZFdMukYRq02jRlODMn7xIGqcVx644d2fl6u2sjgI6REfoBDnoAlXRDaqhOqLoAT2hF/RqPVrP1pv1Po0uWbOZA/QH1uc3zG+iWQ==</latexit><latexit sha1_base64="7CrEG4kD7Rw8CTFkZ1TVKdAqz4U=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSiKKboSCG1dSwT6gCWEyuWmHTiZhZlJaQr/Ejb/ixoUigiv9G6cPUFsPDBzOOZe59wQpZ0rb9pe1tLyyurZe2Chubm3v7Jb29hsqySSFOk14IlsBUcCZgLpmmkMrlUDigEMz6F2P/WYfpGKJuNfDFLyYdASLGCXaSH7pvIWvsBtAh4k8iImWbDDCA9/BrovdfphoZdjAFy6I8Cfgl8p2xZ4ALxJnRspohppf+nDDhGYxCE05Uart2Kn2ciI1oxxGRTdTkBLaIx1oGypIDMrLJ+eN8LFRQhwl0jyh8UT9PZGTWKlhHJikWbCr5r2x+J/XznR06eVMpJkGQacfRRnHOsHjrnDIJFDNh4YQKpnZFdMukYRq02jRlODMn7xIGqcVx644d2fl6u2sjgI6REfoBDnoAlXRDaqhOqLoAT2hF/RqPVrP1pv1Po0uWbOZA/QH1uc3zG+iWQ==</latexit><latexit sha1_base64="7CrEG4kD7Rw8CTFkZ1TVKdAqz4U=">AAACHnicbVDLSsNAFJ34rPVVdelmsAiuSiKKboSCG1dSwT6gCWEyuWmHTiZhZlJaQr/Ejb/ixoUigiv9G6cPUFsPDBzOOZe59wQpZ0rb9pe1tLyyurZe2Chubm3v7Jb29hsqySSFOk14IlsBUcCZgLpmmkMrlUDigEMz6F2P/WYfpGKJuNfDFLyYdASLGCXaSH7pvIWvsBtAh4k8iImWbDDCA9/BrovdfphoZdjAFy6I8Cfgl8p2xZ4ALxJnRspohppf+nDDhGYxCE05Uart2Kn2ciI1oxxGRTdTkBLaIx1oGypIDMrLJ+eN8LFRQhwl0jyh8UT9PZGTWKlhHJikWbCr5r2x+J/XznR06eVMpJkGQacfRRnHOsHjrnDIJFDNh4YQKpnZFdMukYRq02jRlODMn7xIGqcVx644d2fl6u2sjgI6REfoBDnoAlXRDaqhOqLoAT2hF/RqPVrP1pv1Po0uWbOZA/QH1uc3zG+iWQ==</latexit>

{1, x, x2, · · ·xp}
<latexit sha1_base64="ZOLOS+Y12qiEG9iO6PXFLKrbEXo=">AAACA3icbZDLSgMxFIbPeK31NupON8EiuChlpgi6LLhxJRXsBTpjyWQybWhmMiQZsQwFN76KGxeKuPUl3Pk2ppeFth4S+Pj/c0jOH6ScKe0439bS8srq2npho7i5tb2za+/tN5XIJKENIriQ7QAryllCG5ppTtuppDgOOG0Fg8ux37qnUjGR3OphSv0Y9xIWMYK1kbr2oZe7ZfRgzl21jDwSCq0Mp8gbde2SU3EmhRbBnUEJZlXv2l9eKEgW00QTjpXquE6q/RxLzQino6KXKZpiMsA92jGY4JgqP5/sMEInRglRJKS5iUYT9fdEjmOlhnFgOmOs+2reG4v/eZ1MRxd+zpI00zQh04eijCMt0DgQFDJJieZDA5hIZv6KSB9LTLSJrWhCcOdXXoRmteI6FffmrFS7nsVRgCM4hlNw4RxqcAV1aACBR3iGV3iznqwX6936mLYuWbOZA/hT1ucPMlCV/w==</latexit><latexit sha1_base64="ZOLOS+Y12qiEG9iO6PXFLKrbEXo=">AAACA3icbZDLSgMxFIbPeK31NupON8EiuChlpgi6LLhxJRXsBTpjyWQybWhmMiQZsQwFN76KGxeKuPUl3Pk2ppeFth4S+Pj/c0jOH6ScKe0439bS8srq2npho7i5tb2za+/tN5XIJKENIriQ7QAryllCG5ppTtuppDgOOG0Fg8ux37qnUjGR3OphSv0Y9xIWMYK1kbr2oZe7ZfRgzl21jDwSCq0Mp8gbde2SU3EmhRbBnUEJZlXv2l9eKEgW00QTjpXquE6q/RxLzQino6KXKZpiMsA92jGY4JgqP5/sMEInRglRJKS5iUYT9fdEjmOlhnFgOmOs+2reG4v/eZ1MRxd+zpI00zQh04eijCMt0DgQFDJJieZDA5hIZv6KSB9LTLSJrWhCcOdXXoRmteI6FffmrFS7nsVRgCM4hlNw4RxqcAV1aACBR3iGV3iznqwX6936mLYuWbOZA/hT1ucPMlCV/w==</latexit><latexit sha1_base64="ZOLOS+Y12qiEG9iO6PXFLKrbEXo=">AAACA3icbZDLSgMxFIbPeK31NupON8EiuChlpgi6LLhxJRXsBTpjyWQybWhmMiQZsQwFN76KGxeKuPUl3Pk2ppeFth4S+Pj/c0jOH6ScKe0439bS8srq2npho7i5tb2za+/tN5XIJKENIriQ7QAryllCG5ppTtuppDgOOG0Fg8ux37qnUjGR3OphSv0Y9xIWMYK1kbr2oZe7ZfRgzl21jDwSCq0Mp8gbde2SU3EmhRbBnUEJZlXv2l9eKEgW00QTjpXquE6q/RxLzQino6KXKZpiMsA92jGY4JgqP5/sMEInRglRJKS5iUYT9fdEjmOlhnFgOmOs+2reG4v/eZ1MRxd+zpI00zQh04eijCMt0DgQFDJJieZDA5hIZv6KSB9LTLSJrWhCcOdXXoRmteI6FffmrFS7nsVRgCM4hlNw4RxqcAV1aACBR3iGV3iznqwX6936mLYuWbOZA/hT1ucPMlCV/w==</latexit><latexit sha1_base64="ZOLOS+Y12qiEG9iO6PXFLKrbEXo=">AAACA3icbZDLSgMxFIbPeK31NupON8EiuChlpgi6LLhxJRXsBTpjyWQybWhmMiQZsQwFN76KGxeKuPUl3Pk2ppeFth4S+Pj/c0jOH6ScKe0439bS8srq2npho7i5tb2za+/tN5XIJKENIriQ7QAryllCG5ppTtuppDgOOG0Fg8ux37qnUjGR3OphSv0Y9xIWMYK1kbr2oZe7ZfRgzl21jDwSCq0Mp8gbde2SU3EmhRbBnUEJZlXv2l9eKEgW00QTjpXquE6q/RxLzQino6KXKZpiMsA92jGY4JgqP5/sMEInRglRJKS5iUYT9fdEjmOlhnFgOmOs+2reG4v/eZ1MRxd+zpI00zQh04eijCMt0DgQFDJJieZDA5hIZv6KSB9LTLSJrWhCcOdXXoRmteI6FffmrFS7nsVRgCM4hlNw4RxqcAV1aACBR3iGV3iznqwX6936mLYuWbOZA/hT1ucPMlCV/w==</latexit>



Polynomial features
Model

Features

Original data

X =

2

64
x11 · · · x1d
...

...
xn1 · · · xnd

3

75

<latexit sha1_base64="m2acXmp94itcxuHtYbf2gmIkEDU="></latexit><latexit sha1_base64="m2acXmp94itcxuHtYbf2gmIkEDU="></latexit><latexit sha1_base64="m2acXmp94itcxuHtYbf2gmIkEDU="></latexit><latexit sha1_base64="m2acXmp94itcxuHtYbf2gmIkEDU="></latexit>

ŷi =
pX

j=0

wj0x
p
i1 + · · ·+ wjdx

p
id

+wj,d+1x
p�1
i1 xi2 + · · ·

<latexit sha1_base64="ybnylTl3JQ2+5QQ6VouiEKDaePA="></latexit><latexit sha1_base64="ybnylTl3JQ2+5QQ6VouiEKDaePA="></latexit><latexit sha1_base64="ybnylTl3JQ2+5QQ6VouiEKDaePA="></latexit><latexit sha1_base64="ybnylTl3JQ2+5QQ6VouiEKDaePA="></latexit>

{ 0, x1, · · · , xd,
x2
1, x2

2, · · · , x2
d,

x1x2, x1x3, · · · , x1xd,
· · · ,

xp
1, xp

2, · · · , xp
d }

<latexit sha1_base64="KCSGFMr4zh+ranZ8HyZxTv5I4lE="></latexit><latexit sha1_base64="KCSGFMr4zh+ranZ8HyZxTv5I4lE="></latexit><latexit sha1_base64="KCSGFMr4zh+ranZ8HyZxTv5I4lE="></latexit><latexit sha1_base64="KCSGFMr4zh+ranZ8HyZxTv5I4lE="></latexit>



Polynomial features

• Universal function approximations


• Number of params grows 
superlinearly in polynomial degree


• Later we will talk about how to avoid 
a lot of this computation



Polynomial features


