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Change the network weights to match the network 
output (function) at Data 1 while classifying Data 2



Weight-Space vs Function-Space

Weight/parameter space
• Finite dimensional
• Easy to train 
– e.g., SGD is scalable

• Difficult to regularize
– Actual value of the 

weights do not matter
– Complex relationship 

between network 
outputs and weights
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Function/data space
• Infinite dimensional
• Difficult to train
– e.g. GP reg is not

• Easy to regularize
– Properties of the 

network outputs are 
easier to specify and 
interpret.



This Talk

• Connections between the weight and function spaces.
– Cheap algorithms to train in the weight space while 

regularizing in the function space.
• Background
– Linear models and GPs
– Neural Nets and GPs (requires infinite-width nets)

• DNN2GP 
– Convert trained finite-widths nets to GPs
– Convert the iterates of DL algorithms to GPs

• Applications to Continual Learning
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DNN2GP Generalization

8Khan et al., Approximate Inference Turns Deep Networks into Gaussian Processes, NeurIPS, 2019

This generalizes to twice differentiable loss and priors
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Deep Learning as GP inference

9Khan et al., Approximate Inference Turns Deep Networks into Gaussian Processes, NeurIPS, 2019

Iterations of algorithms too can be written as GP inference

Training in w space induces a sequence in f space
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x2
<latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit>

Khan et al., Approximate Inference Turns Deep Networks into Gaussian Processes, NeurIPS, 2019



Outline of the derivation
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Posterior Approx.

w2
<latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit>

w1
<latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit>

Linear Model

ỹ
<latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit>

�1(x)
<latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WU379MaQInOjfur8A6jsboh9KFA=">AAAB/XicbVC9TsMwGPzCbykFAisDERVSWaqEBUYkFsYi0R+piSLHcVqrjh3ZDqKKMrLwKiwMIMRrsPE2OG0HaDnJ8unOn3zfRRmjSrvut7W2vrG5tV3bqe829vYP7MNGT4lcYtLFggk5iJAijHLS1VQzMsgkQWnESD+a3FR+/4FIRQW/19OMBCkacZpQjLSRQvvEjwSL1TQ1V+FnY1qGXstPkR5HSfFYnod20227MzirxFuQJizQCe0vPxY4TwnXmCGlhp6b6aBAUlPMSFn3c0UyhCdoRIaGcpQSFRSzRUrnzCixkwhpDtfOTP09UaBUVVnNyyqiWvYq8T9vmOvkKigoz3JNOJ5/lOTM0cKpWnFiKgnWbGoIwpKarA4eI4mwNt3VTQne8sqrpHfR9ty2d+dCDY7hFFrgwSVcwy10oAsYnuAF3uDderZerY95XWvWorcj+APr8we4/Ji1</latexit><latexit sha1_base64="WU379MaQInOjfur8A6jsboh9KFA=">AAAB/XicbVC9TsMwGPzCbykFAisDERVSWaqEBUYkFsYi0R+piSLHcVqrjh3ZDqKKMrLwKiwMIMRrsPE2OG0HaDnJ8unOn3zfRRmjSrvut7W2vrG5tV3bqe829vYP7MNGT4lcYtLFggk5iJAijHLS1VQzMsgkQWnESD+a3FR+/4FIRQW/19OMBCkacZpQjLSRQvvEjwSL1TQ1V+FnY1qGXstPkR5HSfFYnod20227MzirxFuQJizQCe0vPxY4TwnXmCGlhp6b6aBAUlPMSFn3c0UyhCdoRIaGcpQSFRSzRUrnzCixkwhpDtfOTP09UaBUVVnNyyqiWvYq8T9vmOvkKigoz3JNOJ5/lOTM0cKpWnFiKgnWbGoIwpKarA4eI4mwNt3VTQne8sqrpHfR9ty2d+dCDY7hFFrgwSVcwy10oAsYnuAF3uDderZerY95XWvWorcj+APr8we4/Ji1</latexit><latexit sha1_base64="DhzUQeKPrRkb6hDNeWkuZP3/YUU=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxnNaqY0e2g6iijiz8CgsDCLHyCWz8DU6bAVquZPnonHt1zz1hyqjSjvNtVVZW19Y3qpu1re2d3T17/6CrRCYx6WDBhOyHSBFGOeloqhnpp5KgJGSkF46vC713T6Sigt/pSUr8BA05jSlG2lCBfeyFgkVqkpgv99IRnQZuw0uQHoVx/jA9C+y603RmBZeBW4I6KKsd2F9eJHCWEK4xQ0oNXCfVfo6kppiRac3LFEkRHqMhGRjIUUKUn88OmcJTw0QwFtI8ruGM/T2Ro0QVXk1nYVEtagX5nzbIdHzp55SnmSYczxfFGYNawCIVGFFJsGYTAxCW1HiFeIQkwtpkVzMhuIsnL4PuedN1mu6tU29dlXFUwRE4AQ3gggvQAjegDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgT1mfP1eVmiQ=</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit>

�2(x)
<latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit>

DNN

x1
<latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit>

x2
<latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit>

Khan et al., Approximate Inference Turns Deep Networks into Gaussian Processes, NeurIPS, 2019



Outline of the derivation
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Posterior Approx.

w2
<latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit>

w1
<latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit><latexit sha1_base64="Ok4f0JTHScObwvQNqmt5BOo/6BE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVJCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AyjZkb8=</latexit>

Linear Model

ỹ
<latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit><latexit sha1_base64="Q8kwkb7XSPHgft5bzES8V+RW20g=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXRbduKxgH9CEMplM2qGTSZi5EUvIr7hxoYhbf8Sdf+OkzUJbDwwczrmXe+YEqeAaHOfbWlvf2Nzaru3Ud/f2Dw7to0ZPJ5mirEsTkahBQDQTXLIucBBskCpG4kCwfjC9Lf3+I1OaJ/IBZinzYzKWPOKUgJFGdsOLCUyCKPeAi5Dls6IY2U2n5cyBV4lbkSaq0BnZX16Y0CxmEqggWg9dJwU/Jwo4Fayoe5lmKaFTMmZDQyWJmfbzefYCnxklxFGizJOA5+rvjZzEWs/iwEyWSfWyV4r/ecMMoms/5zLNgEm6OBRlAkOCyyJwyBWjIGaGEKq4yYrphChCwdRVNyW4y19eJb2Lluu03PvLZvumqqOGTtApOkcuukJtdIc6qIsoekLP6BW9WYX1Yr1bH4vRNavaOUZ/YH3+APIzlQQ=</latexit>

�1(x)
<latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WU379MaQInOjfur8A6jsboh9KFA=">AAAB/XicbVC9TsMwGPzCbykFAisDERVSWaqEBUYkFsYi0R+piSLHcVqrjh3ZDqKKMrLwKiwMIMRrsPE2OG0HaDnJ8unOn3zfRRmjSrvut7W2vrG5tV3bqe829vYP7MNGT4lcYtLFggk5iJAijHLS1VQzMsgkQWnESD+a3FR+/4FIRQW/19OMBCkacZpQjLSRQvvEjwSL1TQ1V+FnY1qGXstPkR5HSfFYnod20227MzirxFuQJizQCe0vPxY4TwnXmCGlhp6b6aBAUlPMSFn3c0UyhCdoRIaGcpQSFRSzRUrnzCixkwhpDtfOTP09UaBUVVnNyyqiWvYq8T9vmOvkKigoz3JNOJ5/lOTM0cKpWnFiKgnWbGoIwpKarA4eI4mwNt3VTQne8sqrpHfR9ty2d+dCDY7hFFrgwSVcwy10oAsYnuAF3uDderZerY95XWvWorcj+APr8we4/Ji1</latexit><latexit sha1_base64="WU379MaQInOjfur8A6jsboh9KFA=">AAAB/XicbVC9TsMwGPzCbykFAisDERVSWaqEBUYkFsYi0R+piSLHcVqrjh3ZDqKKMrLwKiwMIMRrsPE2OG0HaDnJ8unOn3zfRRmjSrvut7W2vrG5tV3bqe829vYP7MNGT4lcYtLFggk5iJAijHLS1VQzMsgkQWnESD+a3FR+/4FIRQW/19OMBCkacZpQjLSRQvvEjwSL1TQ1V+FnY1qGXstPkR5HSfFYnod20227MzirxFuQJizQCe0vPxY4TwnXmCGlhp6b6aBAUlPMSFn3c0UyhCdoRIaGcpQSFRSzRUrnzCixkwhpDtfOTP09UaBUVVnNyyqiWvYq8T9vmOvkKigoz3JNOJ5/lOTM0cKpWnFiKgnWbGoIwpKarA4eI4mwNt3VTQne8sqrpHfR9ty2d+dCDY7hFFrgwSVcwy10oAsYnuAF3uDderZerY95XWvWorcj+APr8we4/Ji1</latexit><latexit sha1_base64="DhzUQeKPrRkb6hDNeWkuZP3/YUU=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxnNaqY0e2g6iijiz8CgsDCLHyCWz8DU6bAVquZPnonHt1zz1hyqjSjvNtVVZW19Y3qpu1re2d3T17/6CrRCYx6WDBhOyHSBFGOeloqhnpp5KgJGSkF46vC713T6Sigt/pSUr8BA05jSlG2lCBfeyFgkVqkpgv99IRnQZuw0uQHoVx/jA9C+y603RmBZeBW4I6KKsd2F9eJHCWEK4xQ0oNXCfVfo6kppiRac3LFEkRHqMhGRjIUUKUn88OmcJTw0QwFtI8ruGM/T2Ro0QVXk1nYVEtagX5nzbIdHzp55SnmSYczxfFGYNawCIVGFFJsGYTAxCW1HiFeIQkwtpkVzMhuIsnL4PuedN1mu6tU29dlXFUwRE4AQ3gggvQAjegDToAg0fwDF7Bm/VkvVjv1se8tWKVM4fgT1mfP1eVmiQ=</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit><latexit sha1_base64="mrNDLu0KRrunj1DNPwKQx++STzY=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSGVpUoQEowVLIxFog+piSLHcVqrjh3ZDqKKOrLwKywMIMTKJ7DxNzhtBmi5kuWjc+7VPfeEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0XejdeyIVFfxOj1PiJ2jAaUwx0oYK7CMvFCxS48R8uZcO6SRw616C9DCM84fJaWDXnIYzLbgI3BLUQFmtwP7yIoGzhHCNGVKq7zqp9nMkNcWMTKpepkiK8AgNSN9AjhKi/Hx6yASeGCaCsZDmcQ2n7O+JHCWq8Go6C4tqXivI/7R+puNLP6c8zTTheLYozhjUAhapwIhKgjUbG4CwpMYrxEMkEdYmu6oJwZ0/eRF0zhqu03Bvz2vNqzKOCjgEx6AOXHABmuAGtEAbYPAInsEreLOerBfr3fqYtS5Z5cwB+FPW5w9Y1Zoo</latexit>

�2(x)
<latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit><latexit sha1_base64="06UcrCgO743kkBimHm8f9BNZZxo=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFVSIcFYwcJYJPqQmihyHKe16sSR7SCqKCMLv8LCAEKsfAIbf4PTZoCWK1k+Oude3XOPnzAqlWV9G5WV1bX1jepmbWt7Z3fP3D/oSZ4KTLqYMy4GPpKE0Zh0FVWMDBJBUOQz0vcn14XevydCUh7fqWlC3AiNYhpSjJSmPPPY8TkL5DTSX+YkY5p7rYYTITX2w+whP/PMutW0ZgWXgV2COiir45lfTsBxGpFYYYakHNpWotwMCUUxI3nNSSVJEJ6gERlqGKOISDebHZLDU80EMORCv1jBGft7IkORLLzqzsKiXNQK8j9tmKrw0s1onKSKxHi+KEwZVBwWqcCACoIVm2qAsKDaK8RjJBBWOruaDsFePHkZ9FpN22rat+f19lUZRxUcgRPQADa4AG1wAzqgCzB4BM/gFbwZT8aL8W58zFsrRjlzCP6U8fkDWmWaKQ==</latexit>

DNN

x1
<latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit>

x2
<latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit>

Gaussian Processes

x1
<latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit><latexit sha1_base64="2HhTHyaEJkkJenBTAOB/h38YNco=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5AypgkcA=</latexit>

x2
<latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit><latexit sha1_base64="/xhoKoWR751dxO/nYLz15N6jlLs=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmIpbQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AyvkkcE=</latexit>

Khan et al., Approximate Inference Turns Deep Networks into Gaussian Processes, NeurIPS, 2019



Application to Continual Learning

11

Update Deep  
Network Select a random  

subset of images

Standard 
Deep 
Learning

Kirkpatrick, James, et al. "Overcoming catastrophic forgetting in neural networks." Proceedings of the 
national academy of sciences 114.13 (2017): 3521-3526.



Application to Continual Learning

11

Update Deep  
Network Select a random  

subset of images

Observe 
categories

Dog vs. Cat Lion vs. Tiger 

Update 
Deep  

Network 

Observe 
categories

Update 
Deep  

Network 

Standard 
Deep 
Learning

Continual Learning: past classes never revisited

Kirkpatrick, James, et al. "Overcoming catastrophic forgetting in neural networks." Proceedings of the 
national academy of sciences 114.13 (2017): 3521-3526.



FROMP in Three Steps

12

Continual Deep Learning by Functional Regularisation of Memorable Past

Pingbo Pan * 1 Siddharth Swaroop * 2 Alexander Immer 3 Runa Eschenhagen 4 Richard E. Turner 2

Mohammad Emtiyaz Khan 5

Abstract
Continually learning new skills is important for
intelligent systems, yet most deep learning meth-
ods suffer from catastrophic forgetting of the past.
Recent works address this with weight regulari-
sation. Functional regularisation, although com-
putationally expensive, is expected to perform
better, but rarely does so in practice. In this paper,
we fix this issue by proposing a new functional-
regularisation approach that utilises a few mem-

orable past examples that are crucial to avoid
forgetting. By using a Gaussian Process formu-
lation of deep networks, our approach enables
training in weight-space while identifying both
the memorable past and a functional prior. Our
method achieves state-of-the-art performance on
standard benchmarks and opens a new direction
for life-long learning where regularisation and
memory-based methods are naturally combined.

1. Introduction
The ability to quickly adapt to changing environments is
an important quality of intelligent systems. For such quick
adaptation, it is important to be able to identify, memorise,
and recall useful past experiences when acquiring new ones.
Unfortunately, standard deep-learning methods are not good
at maintaining previously acquired skills, and can quickly
forget them when learning new skills (Kirkpatrick et al.,
2017). Such catastrophic forgetting presents a big challenge
for applications, such as robotics, where new tasks can
appear during training, and data from previous tasks might
be unavailable for retraining.

In recent years, many methods have been proposed to ad-

*Equal contribution 1University of Technology Sydney,
Australia 2University of Cambridge, UK 3EPFL, Switzer-
land 4University of Tbingen, Germany 5RIKEN Center for
AI project, Japan. 1, 3, 4Work done during an internship at
RIKEN Center for AI Project, Japan. Correspondence to:
Emtiyaz Khan <emtiyaz.khan@riken.jp>, Siddharth Swaroop
<ss2163@cam.ac.uk>.

Preprint. Work in progress.
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Figure 1. Our method consists of three main steps. In Step A,
we convert the previously trained network (orange ellipses) to a
Gaussian process (top left) which is then used as a “functional prior”
to regularise the next task. In step B, we choose a few memorable
past examples (orange circles) that are crucial to avoid forgetting.
In step C, we train a new network over the next task (black dots
in the bottom row) while making sure that the predictions over
memorable past examples remain unchanged. All these steps are
carried out using the framework of Khan et al. (2019).

dress catastrophic forgetting in deep learning. One of the
most popular approaches is to keep the network weights
close to the values obtained for the previous tasks/data (Kirk-
patrick et al., 2017; Nguyen et al., 2018; Zenke et al., 2017;
Ebrahimi et al., 2019; Serra et al., 2018). However, this may
not always ensure that the predictions on previous tasks also
remain unchanged. Since the network outputs depend on
the weights in a complex way, such weight-regularisation

may not be effective.

A better approach is to use functional-regularisation, where
we directly regularise the network outputs (Benjamin et al.,
2018), but this is costly because it requires the derivatives
of outputs at many input locations. Existing approaches
reduce these costs by carefully selecting the locations,
e.g. by using working memory (Benjamin et al., 2018)
or Gaussian-Process inducing points (Titsias et al., 2019),
but currently these methods do not consistently outperform
existing weight-regularisation methods.
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Memorable Past
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Which examples are most relevant for the 
classifier? Red circle vs Blue circle.
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(Some) Regularization-based 
Continual Learning Methods

• Elastic-weight consolidation (EWC) [1]
–Based on a diagonal Laplace approximation
– [2] considers structured Laplace

• Synaptic Intelligence (SI) [3]
• Variational Continual learning (VCL) [4]
–Based on variational inference

• With better approximations, we expect accuracy 
to improve, but unfortunately we don’t see this!
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