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Four levels for ML problems 
(Linear regression)

1. Data & application


2. Model


3. Optimization problem


4. Optimization algorithm

Matrix X and vector y


Linearly parameterized function


Minimize sum of squared diffs


Normal equations

y ⇡ Xw
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Goal: find the best w



Polynomial features

Model

Features
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{0, x, x2, · · · , xp}
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Challenges with polynomial features

• How to choose hyperparameters 
How to pick polynomial degree?


• Sensitivity / numerical instability 

• Computational challenges for high 
degree (not covered today)



Validation



How to choose hyperparameters?

• Unrealistic assumption: what if we 
have access to the underlying model?


• Slightly more realistic assumption: 
infinite noisy data


• Real world: validation sets
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Validation sets
Dataset

Training set Validation 
set

~70% ~30%
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Making more with less: k-fold cross validation
Dataset

Fold 1 Fold 2 … Fold k

Train Validate

Model k



Making more with less: k-fold cross validation

K-fold cross validation 

• for all hyperparameters:    
    for i=1:k: 
          train model on all folds except i 
          evaluate performance on fold i


• Choose the hyperparameter with the best 
average val performance


• k is itself a hyperparameter, but usually 
set to 10 or 4



Challenges with polynomial features

• How to choose hyperparameters? 

• Sensitivity / numerical instability 

• Computational challenges for high 
degree (not covered today)



Regularization



Ridge regression

Hacky motivation 

• “Correct” for small eigenvalues in  X^T X  
by adding a multiple of the identity

ŵ = (XTX + �I)�1XT y
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Optimization motivation

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>

+�||w||22
<latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit>

ŵ = (XTX + �I)�1XT y
<latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit>

ŵ = (XTX)�1XT y
<latexit sha1_base64="JtfN/lL5QkRsHeRE6V5dPM7r5FQ=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIoJuhIIbV1Khl0Cblsl00g6dTMLMRAkhGze+ihsXirj1Hdz5Nk7aLrT1h4GP/5zDmfN7EaNSWda3UVhaXlldK66XNja3tnfM3b2WDGOBSROHLBSOhyRhlJOmoooRJxIEBR4jbW98ndfb90RIGvKGSiLiBmjIqU8xUtrqm4fdEVLpQwavYMXpNaBz0ktP7QzmnPTNslW1JoKLYM+gDGaq982v7iDEcUC4wgxJ2bGtSLkpEopiRrJSN5YkQniMhqSjkaOASDedXJHBY+0MoB8K/biCE/f3RIoCKZPA050BUiM5X8vN/2qdWPmXbkp5FCvC8XSRHzOoQphHAgdUEKxYogFhQfVfIR4hgbDSwZV0CPb8yYvQOqvaVtW+Oy/XbmdxFMEBOAIVYIMLUAM3oA6aAINH8AxewZvxZLwY78bHtLVgzGb2wR8Znz9rkJae</latexit><latexit sha1_base64="JtfN/lL5QkRsHeRE6V5dPM7r5FQ=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIoJuhIIbV1Khl0Cblsl00g6dTMLMRAkhGze+ihsXirj1Hdz5Nk7aLrT1h4GP/5zDmfN7EaNSWda3UVhaXlldK66XNja3tnfM3b2WDGOBSROHLBSOhyRhlJOmoooRJxIEBR4jbW98ndfb90RIGvKGSiLiBmjIqU8xUtrqm4fdEVLpQwavYMXpNaBz0ktP7QzmnPTNslW1JoKLYM+gDGaq982v7iDEcUC4wgxJ2bGtSLkpEopiRrJSN5YkQniMhqSjkaOASDedXJHBY+0MoB8K/biCE/f3RIoCKZPA050BUiM5X8vN/2qdWPmXbkp5FCvC8XSRHzOoQphHAgdUEKxYogFhQfVfIR4hgbDSwZV0CPb8yYvQOqvaVtW+Oy/XbmdxFMEBOAIVYIMLUAM3oA6aAINH8AxewZvxZLwY78bHtLVgzGb2wR8Znz9rkJae</latexit><latexit sha1_base64="JtfN/lL5QkRsHeRE6V5dPM7r5FQ=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIoJuhIIbV1Khl0Cblsl00g6dTMLMRAkhGze+ihsXirj1Hdz5Nk7aLrT1h4GP/5zDmfN7EaNSWda3UVhaXlldK66XNja3tnfM3b2WDGOBSROHLBSOhyRhlJOmoooRJxIEBR4jbW98ndfb90RIGvKGSiLiBmjIqU8xUtrqm4fdEVLpQwavYMXpNaBz0ktP7QzmnPTNslW1JoKLYM+gDGaq982v7iDEcUC4wgxJ2bGtSLkpEopiRrJSN5YkQniMhqSjkaOASDedXJHBY+0MoB8K/biCE/f3RIoCKZPA050BUiM5X8vN/2qdWPmXbkp5FCvC8XSRHzOoQphHAgdUEKxYogFhQfVfIR4hgbDSwZV0CPb8yYvQOqvaVtW+Oy/XbmdxFMEBOAIVYIMLUAM3oA6aAINH8AxewZvxZLwY78bHtLVgzGb2wR8Znz9rkJae</latexit><latexit sha1_base64="JtfN/lL5QkRsHeRE6V5dPM7r5FQ=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIoJuhIIbV1Khl0Cblsl00g6dTMLMRAkhGze+ihsXirj1Hdz5Nk7aLrT1h4GP/5zDmfN7EaNSWda3UVhaXlldK66XNja3tnfM3b2WDGOBSROHLBSOhyRhlJOmoooRJxIEBR4jbW98ndfb90RIGvKGSiLiBmjIqU8xUtrqm4fdEVLpQwavYMXpNaBz0ktP7QzmnPTNslW1JoKLYM+gDGaq982v7iDEcUC4wgxJ2bGtSLkpEopiRrJSN5YkQniMhqSjkaOASDedXJHBY+0MoB8K/biCE/f3RIoCKZPA050BUiM5X8vN/2qdWPmXbkp5FCvC8XSRHzOoQphHAgdUEKxYogFhQfVfIR4hgbDSwZV0CPb8yYvQOqvaVtW+Oy/XbmdxFMEBOAIVYIMLUAM3oA6aAINH8AxewZvxZLwY78bHtLVgzGb2wR8Znz9rkJae</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>

Optimization 
problem

Solution

OLS Ridge



Optimization motivation

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>

+�||w||22
<latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit><latexit sha1_base64="srRQn0VcFTf+NxFzmxb0Yrnf83A=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIQkmKoMuCG1dSwT6gjWEymbRDJw9mJkpI66+4caGIWz/EnX/jtM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnaKm/v7O7tmweHbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxRldTv/NAhWRxdKeyhDohHkQsYAQrLblm5Qz1uY77GI3Hj+OxW7+vu2bVqlkzoGViF6QKBZqu+dX3Y5KGNFKEYyl7tpUoJ8dCMcLppNxPJU0wGeEB7Wka4ZBKJ58dP0EnWvFREAv9IoVm6u+JHIdSZqGnkyFWQ7noTcX/vF6qgksnZ1GSKhqR+aIg5UjFaNoE8pmgRPFME0wE07ciMsQCE6X7KusS7MUvL5N2vWZbNfv2vNq4KeoowREcwynYcAENuIYmtIBABs/wCm/Gk/FivBsf8+iKUcxU4A+Mzx+jC5Ql</latexit>

ŵ = (XTX + �I)�1XT y
<latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit><latexit sha1_base64="XF6CLz3Rrow1O314HHq6KhXjnpU=">AAACEXicbVDLSsNAFJ34rPUVdelmsAgVsSQi6EYoutFdhb6gSctkMmmHTh7MTJQQ8gtu/BU3LhRx686df+OkzUJbDwwczrmHO/c4EaNCGsa3trC4tLyyWlorr29sbm3rO7ttEcYckxYOWci7DhKE0YC0JJWMdCNOkO8w0nHG17nfuSdc0DBoyiQito+GAfUoRlJJA71qjZBMHzJ4CavdfhN24TG0mMq7CN4e9dMTM4O5ngz0ilEzJoDzxCxIBRRoDPQvyw1x7JNAYoaE6JlGJO0UcUkxI1nZigWJEB6jIekpGiCfCDudXJTBQ6W40Au5eoGEE/V3IkW+EInvqEkfyZGY9XLxP68XS+/CTmkQxZIEeLrIixmUIczrgS7lBEuWKIIwp+qvEI8QR1iqEsuqBHP25HnSPq2ZRs28O6vUr4o6SmAfHIAqMME5qIMb0AAtgMEjeAav4E170l60d+1jOrqgFZk98Afa5w8KX5qb</latexit>

Training error Keep weights small

Hyperparameter



Next time

Review of probability 

Probabilistic interpretation of 
regression


