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Bias-variance decomposition

D = {(xi, yi)}ni=1
<latexit sha1_base64="Q9UQbqt8Wh1He8Qhh2q0CB9r5qo=">AAACDXicbVDLSsNAFJ3UV62vqks3g1WoICURQTeFgi5cSQX7gCaGyXTSDp1MwsxELCE/4MZfceNCEbfu3fk3TtostPXAwOGcc5l7jxcxKpVpfhuFhcWl5ZXiamltfWNzq7y905ZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON7rI/M49EZKG/FaNI+IEaMCpTzFSWnLLB3aA1BAjllymsA7tpPrg0mM4dumRnboJrVvpnY5VzJo5AZwnVk4qIEfTLX/Z/RDHAeEKMyRlzzIj5SRIKIoZSUt2LEmE8AgNSE9TjgIinWRyTQoPtdKHfij04wpO1N8TCQqkHAeeTma7y1kvE//zerHyz52E8ihWhOPpR37MoAphVg3sU0GwYmNNEBZU7wrxEAmElS6wpEuwZk+eJ+2TmmXWrJvTSuM6r6MI9sA+qAILnIEGuAJN0AIYPIJn8ArejCfjxXg3PqbRgpHP7II/MD5/AOU9mtY=</latexit><latexit sha1_base64="Q9UQbqt8Wh1He8Qhh2q0CB9r5qo=">AAACDXicbVDLSsNAFJ3UV62vqks3g1WoICURQTeFgi5cSQX7gCaGyXTSDp1MwsxELCE/4MZfceNCEbfu3fk3TtostPXAwOGcc5l7jxcxKpVpfhuFhcWl5ZXiamltfWNzq7y905ZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON7rI/M49EZKG/FaNI+IEaMCpTzFSWnLLB3aA1BAjllymsA7tpPrg0mM4dumRnboJrVvpnY5VzJo5AZwnVk4qIEfTLX/Z/RDHAeEKMyRlzzIj5SRIKIoZSUt2LEmE8AgNSE9TjgIinWRyTQoPtdKHfij04wpO1N8TCQqkHAeeTma7y1kvE//zerHyz52E8ihWhOPpR37MoAphVg3sU0GwYmNNEBZU7wrxEAmElS6wpEuwZk+eJ+2TmmXWrJvTSuM6r6MI9sA+qAILnIEGuAJN0AIYPIJn8ArejCfjxXg3PqbRgpHP7II/MD5/AOU9mtY=</latexit><latexit sha1_base64="Q9UQbqt8Wh1He8Qhh2q0CB9r5qo=">AAACDXicbVDLSsNAFJ3UV62vqks3g1WoICURQTeFgi5cSQX7gCaGyXTSDp1MwsxELCE/4MZfceNCEbfu3fk3TtostPXAwOGcc5l7jxcxKpVpfhuFhcWl5ZXiamltfWNzq7y905ZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON7rI/M49EZKG/FaNI+IEaMCpTzFSWnLLB3aA1BAjllymsA7tpPrg0mM4dumRnboJrVvpnY5VzJo5AZwnVk4qIEfTLX/Z/RDHAeEKMyRlzzIj5SRIKIoZSUt2LEmE8AgNSE9TjgIinWRyTQoPtdKHfij04wpO1N8TCQqkHAeeTma7y1kvE//zerHyz52E8ihWhOPpR37MoAphVg3sU0GwYmNNEBZU7wrxEAmElS6wpEuwZk+eJ+2TmmXWrJvTSuM6r6MI9sA+qAILnIEGuAJN0AIYPIJn8ArejCfjxXg3PqbRgpHP7II/MD5/AOU9mtY=</latexit><latexit sha1_base64="Q9UQbqt8Wh1He8Qhh2q0CB9r5qo=">AAACDXicbVDLSsNAFJ3UV62vqks3g1WoICURQTeFgi5cSQX7gCaGyXTSDp1MwsxELCE/4MZfceNCEbfu3fk3TtostPXAwOGcc5l7jxcxKpVpfhuFhcWl5ZXiamltfWNzq7y905ZhLDBp4ZCFoushSRjlpKWoYqQbCYICj5GON7rI/M49EZKG/FaNI+IEaMCpTzFSWnLLB3aA1BAjllymsA7tpPrg0mM4dumRnboJrVvpnY5VzJo5AZwnVk4qIEfTLX/Z/RDHAeEKMyRlzzIj5SRIKIoZSUt2LEmE8AgNSE9TjgIinWRyTQoPtdKHfij04wpO1N8TCQqkHAeeTma7y1kvE//zerHyz52E8ihWhOPpR37MoAphVg3sU0GwYmNNEBZU7wrxEAmElS6wpEuwZk+eJ+2TmmXWrJvTSuM6r6MI9sA+qAILnIEGuAJN0AIYPIJn8ArejCfjxXg3PqbRgpHP7II/MD5/AOU9mtY=</latexit>

View x_i as sampled from r.v. 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>

Good model: one with low expected error



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

(f⇤
✓ (~x;D)� y)2

<latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit>

“Best” model: choice of theta 
with the lowest error on D

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

(f⇤
✓ (~x;D)� y)2

<latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit>

“Best” model’s estimate for y at 
the datapoint x

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

(f⇤
✓ (~x;D)� y)2

<latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit><latexit sha1_base64="eicv0kcoo7VsUn+L2/uyVk+QQT4=">AAACE3icbVDLSgNBEJyNrxhfUY9eBoMQBcOuCApeAnrwJBGMBrIxzE56kyGzD2Z6xbDsP3jxV7x4UMSrF2/+jZPHQaMFDUVVN91dXiyFRtv+snIzs3PzC/nFwtLyyupacX3jWkeJ4lDnkYxUw2MapAihjgIlNGIFLPAk3Hj906F/cwdKiyi8wkEMrYB1Q+ELztBI7eJe2W+nLvYAWXa7V3bvgKf32Ql1A4Y9zmR6lu3SfTrYvT1oF0t2xR6B/iXOhJTIBLV28dPtRDwJIEQumdZNx46xlTKFgkvICm6iIWa8z7rQNDRkAehWOvopoztG6VA/UqZCpCP150TKAq0HgWc6h6fqaW8o/uc1E/SPW6kI4wQh5ONFfiIpRnQYEO0IBRzlwBDGlTC3Ut5jinE0MRZMCM70y3/J9UHFsSvO5WGpejGJI0+2yDYpE4cckSo5JzVSJ5w8kCfyQl6tR+vZerPex605azKzSX7B+vgGED+dAQ==</latexit>

Squared error between estimate for y and one 
choice for the observed y at datapoint x

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

Average squared error between estimate 
for y and true y 

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>

Ey⇠p(y|~x)
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="7LG/abglRqOLV1Ib4JtpDB+fDYY="></latexit><latexit sha1_base64="7LG/abglRqOLV1Ib4JtpDB+fDYY="></latexit><latexit sha1_base64="7LG/abglRqOLV1Ib4JtpDB+fDYY="></latexit><latexit sha1_base64="7LG/abglRqOLV1Ib4JtpDB+fDYY="></latexit>

p(y | ~x) = N (f(x),�2)
<latexit sha1_base64="E3tUs6E21p13U4GB/NXPfke/gBk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWpSBN0IBTeuSgX7gKaWyWTSDp1MwsykNIR+hht/xY0LRdx25984abvQ6oGBM+fcy733uBGjUlnWl5FbW9/Y3MpvF3Z29/YPzMOjlgxjgUkThywUHRdJwignTUUVI51IEBS4jLTd0W3mt8dESBryB5VEpBegAac+xUhpqW9eRKUEOgH1oDMmOJ1My/BG/5EaYsTS+rTklyblc+hIOgjQY7XcN4tWxZoD/iX2khTBEo2+OXO8EMcB4QozJGXXtiLVS5FQFDMyLTixJBHCIzQgXU05CojspfPDpvBMKx70Q6EfV3Cu/uxIUSBlEri6MltZrnqZ+J/XjZV/3Uspj2JFOF4M8mMGVQizlKBHBcGKJZogLKjeFeIhEggrnWVBh2CvnvyXtKoV26rY95fFWn0ZRx6cgFNQAja4AjVwBxqgCTB4Ai/gDbwbz8ar8WF8LkpzxrLnGPyCMfsG17yeaQ==</latexit><latexit sha1_base64="E3tUs6E21p13U4GB/NXPfke/gBk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWpSBN0IBTeuSgX7gKaWyWTSDp1MwsykNIR+hht/xY0LRdx25984abvQ6oGBM+fcy733uBGjUlnWl5FbW9/Y3MpvF3Z29/YPzMOjlgxjgUkThywUHRdJwignTUUVI51IEBS4jLTd0W3mt8dESBryB5VEpBegAac+xUhpqW9eRKUEOgH1oDMmOJ1My/BG/5EaYsTS+rTklyblc+hIOgjQY7XcN4tWxZoD/iX2khTBEo2+OXO8EMcB4QozJGXXtiLVS5FQFDMyLTixJBHCIzQgXU05CojspfPDpvBMKx70Q6EfV3Cu/uxIUSBlEri6MltZrnqZ+J/XjZV/3Uspj2JFOF4M8mMGVQizlKBHBcGKJZogLKjeFeIhEggrnWVBh2CvnvyXtKoV26rY95fFWn0ZRx6cgFNQAja4AjVwBxqgCTB4Ai/gDbwbz8ar8WF8LkpzxrLnGPyCMfsG17yeaQ==</latexit><latexit sha1_base64="E3tUs6E21p13U4GB/NXPfke/gBk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWpSBN0IBTeuSgX7gKaWyWTSDp1MwsykNIR+hht/xY0LRdx25984abvQ6oGBM+fcy733uBGjUlnWl5FbW9/Y3MpvF3Z29/YPzMOjlgxjgUkThywUHRdJwignTUUVI51IEBS4jLTd0W3mt8dESBryB5VEpBegAac+xUhpqW9eRKUEOgH1oDMmOJ1My/BG/5EaYsTS+rTklyblc+hIOgjQY7XcN4tWxZoD/iX2khTBEo2+OXO8EMcB4QozJGXXtiLVS5FQFDMyLTixJBHCIzQgXU05CojspfPDpvBMKx70Q6EfV3Cu/uxIUSBlEri6MltZrnqZ+J/XjZV/3Uspj2JFOF4M8mMGVQizlKBHBcGKJZogLKjeFeIhEggrnWVBh2CvnvyXtKoV26rY95fFWn0ZRx6cgFNQAja4AjVwBxqgCTB4Ai/gDbwbz8ar8WF8LkpzxrLnGPyCMfsG17yeaQ==</latexit><latexit sha1_base64="E3tUs6E21p13U4GB/NXPfke/gBk=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoQWpSBN0IBTeuSgX7gKaWyWTSDp1MwsykNIR+hht/xY0LRdx25984abvQ6oGBM+fcy733uBGjUlnWl5FbW9/Y3MpvF3Z29/YPzMOjlgxjgUkThywUHRdJwignTUUVI51IEBS4jLTd0W3mt8dESBryB5VEpBegAac+xUhpqW9eRKUEOgH1oDMmOJ1My/BG/5EaYsTS+rTklyblc+hIOgjQY7XcN4tWxZoD/iX2khTBEo2+OXO8EMcB4QozJGXXtiLVS5FQFDMyLTixJBHCIzQgXU05CojspfPDpvBMKx70Q6EfV3Cu/uxIUSBlEri6MltZrnqZ+J/XjZV/3Uspj2JFOF4M8mMGVQizlKBHBcGKJZogLKjeFeIhEggrnWVBh2CvnvyXtKoV26rY95fFWn0ZRx6cgFNQAja4AjVwBxqgCTB4Ai/gDbwbz8ar8WF8LkpzxrLnGPyCMfsG17yeaQ==</latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

Average over all datasets of mean squared 
error on that dataset

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>
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⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>

ED⇠p(D)Ey⇠p(y|~x)
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit>

p(D) =
nY

i=1

p(xi)p(yi | xi)
<latexit sha1_base64="XV4SBP9IP+Wy8cYr4gJtYl6bQW4=">AAACHnicbVDLSgMxFM3UV62vUZdugkVoN2VGFN0UCrpwJRXsAzp1yGTSNjSTCUlGLEO/xI2/4saFIoIr/RszbRfaeiHk5Jx7uTknEIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXDi0xv3ROpaMxv9UiQboT6nPYoRtpQvn0qSl6E9AAjll6Oy7AKPSHj0E9p1R3fcShKDz4tm2vkU+hFNITZ27eLTsWZFFwE7gwUwazqvv3phTFOIsI1ZkipjusI3U2R1BQzMi54iSIC4SHqk46BHEVEddOJvTE8MkwIe7E0h2s4YX9PpChSahQFpjOzoua1jPxP6yS6d95NKReJJhxPF/USBnUMs6xgSCXBmo0MQFhS81eIB0girE2iBROCO295ETSPK65TcW9OirXrWRx5cAAOQQm44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFtzVmzmX3wp6yvH4HKoN0=</latexit><latexit sha1_base64="XV4SBP9IP+Wy8cYr4gJtYl6bQW4=">AAACHnicbVDLSgMxFM3UV62vUZdugkVoN2VGFN0UCrpwJRXsAzp1yGTSNjSTCUlGLEO/xI2/4saFIoIr/RszbRfaeiHk5Jx7uTknEIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXDi0xv3ROpaMxv9UiQboT6nPYoRtpQvn0qSl6E9AAjll6Oy7AKPSHj0E9p1R3fcShKDz4tm2vkU+hFNITZ27eLTsWZFFwE7gwUwazqvv3phTFOIsI1ZkipjusI3U2R1BQzMi54iSIC4SHqk46BHEVEddOJvTE8MkwIe7E0h2s4YX9PpChSahQFpjOzoua1jPxP6yS6d95NKReJJhxPF/USBnUMs6xgSCXBmo0MQFhS81eIB0girE2iBROCO295ETSPK65TcW9OirXrWRx5cAAOQQm44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFtzVmzmX3wp6yvH4HKoN0=</latexit><latexit sha1_base64="XV4SBP9IP+Wy8cYr4gJtYl6bQW4=">AAACHnicbVDLSgMxFM3UV62vUZdugkVoN2VGFN0UCrpwJRXsAzp1yGTSNjSTCUlGLEO/xI2/4saFIoIr/RszbRfaeiHk5Jx7uTknEIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXDi0xv3ROpaMxv9UiQboT6nPYoRtpQvn0qSl6E9AAjll6Oy7AKPSHj0E9p1R3fcShKDz4tm2vkU+hFNITZ27eLTsWZFFwE7gwUwazqvv3phTFOIsI1ZkipjusI3U2R1BQzMi54iSIC4SHqk46BHEVEddOJvTE8MkwIe7E0h2s4YX9PpChSahQFpjOzoua1jPxP6yS6d95NKReJJhxPF/USBnUMs6xgSCXBmo0MQFhS81eIB0girE2iBROCO295ETSPK65TcW9OirXrWRx5cAAOQQm44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFtzVmzmX3wp6yvH4HKoN0=</latexit><latexit sha1_base64="XV4SBP9IP+Wy8cYr4gJtYl6bQW4=">AAACHnicbVDLSgMxFM3UV62vUZdugkVoN2VGFN0UCrpwJRXsAzp1yGTSNjSTCUlGLEO/xI2/4saFIoIr/RszbRfaeiHk5Jx7uTknEIwq7TjfVm5peWV1Lb9e2Njc2t6xd/eaKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXDi0xv3ROpaMxv9UiQboT6nPYoRtpQvn0qSl6E9AAjll6Oy7AKPSHj0E9p1R3fcShKDz4tm2vkU+hFNITZ27eLTsWZFFwE7gwUwazqvv3phTFOIsI1ZkipjusI3U2R1BQzMi54iSIC4SHqk46BHEVEddOJvTE8MkwIe7E0h2s4YX9PpChSahQFpjOzoua1jPxP6yS6d95NKReJJhxPF/USBnUMs6xgSCXBmo0MQFhS81eIB0girE2iBROCO295ETSPK65TcW9OirXrWRx5cAAOQQm44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFtzVmzmX3wp6yvH4HKoN0=</latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>
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<latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit><latexit sha1_base64="X3AJeDVDY017lF2o8HwoFtLygUM="></latexit>
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<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>

ED⇠p(D)Ey⇠p(y|~x)
⇥
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✓ (~x;D)� y)2
⇤

<latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit><latexit sha1_base64="gEOvMrVeCNlthAr02nXsDsF+ZQU="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

Let’s decompose this into parts

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

Let’s decompose this into parts

= (E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

= Ey,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit><latexit sha1_base64="FkvMrqZvrNgy0cSkcklusu/zqgY="></latexit>



Bias-variance tradeoff
= (E [f⇤

✓ (~x;D)]� E [y])2
<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

(E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit>

Average over all datasets of that dataset’s 
best model’s estimate of f(x)



Bias-variance tradeoff
= (E [f⇤

✓ (~x;D)]� E [y])2
<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

(E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit>

Average of noisy y’s for a given x



Bias-variance tradeoff
= (E [f⇤

✓ (~x;D)]� E [y])2
<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

(E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit><latexit sha1_base64="y1g6WCCWj3g19c+4QiG+7bKPQG0="></latexit>

Average error in estimate of y over all 
datasets



Bias-variance tradeoff
= (E [f⇤

✓ (~x;D)]� E [y])2
<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

Variance of estimate of y over all possible 
datasets

Var(f⇤
✓ (~x;D))

<latexit sha1_base64="cFP96ukKRvfBwxyovrv/n19dZQc="></latexit><latexit sha1_base64="cFP96ukKRvfBwxyovrv/n19dZQc="></latexit><latexit sha1_base64="cFP96ukKRvfBwxyovrv/n19dZQc="></latexit><latexit sha1_base64="cFP96ukKRvfBwxyovrv/n19dZQc="></latexit>



Bias-variance tradeoff
= (E [f⇤

✓ (~x;D)]� E [y])2
<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error

Variance of the noise term 
in the model for y

Var(z)
<latexit sha1_base64="WZFl/FI9xdaJ+kzjHpNHmqcqrk4=">AAAB+HicbVBNS8NAEN34WeNHox69BItQLyURQY8FL56kgv2ANpTNdtou3WzC7kRsQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyaCa/S8b2ttfWNza7uwY+/u7R8UncOjho5TxaDOYhGrVkg1CC6hjhwFtBIFNAoFNMPRzcxvPoLSPJYPOE4giOhA8j5nFI3UdYodhCfMGlRNy/bEPu86Ja/izeGuEj8nJZKj1nW+Or2YpRFIZIJq3fa9BIOMKuRMwNTupBoSykZ0AG1DJY1AB9n88Kl7ZpSe24+VKYnuXP09kdFI63EUms6I4lAvezPxP6+dYv86yLhMUgTJFov6qXAxdmcpuD2ugKEYG0KZ4uZWlw2pogxNVrYJwV9+eZU0Liq+V/HvL0vVuzyOAjkhp6RMfHJFquSW1EidMJKSZ/JK3qyJ9WK9Wx+L1jUrnzkmf2B9/gChTZJu</latexit><latexit sha1_base64="WZFl/FI9xdaJ+kzjHpNHmqcqrk4=">AAAB+HicbVBNS8NAEN34WeNHox69BItQLyURQY8FL56kgv2ANpTNdtou3WzC7kRsQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyaCa/S8b2ttfWNza7uwY+/u7R8UncOjho5TxaDOYhGrVkg1CC6hjhwFtBIFNAoFNMPRzcxvPoLSPJYPOE4giOhA8j5nFI3UdYodhCfMGlRNy/bEPu86Ja/izeGuEj8nJZKj1nW+Or2YpRFIZIJq3fa9BIOMKuRMwNTupBoSykZ0AG1DJY1AB9n88Kl7ZpSe24+VKYnuXP09kdFI63EUms6I4lAvezPxP6+dYv86yLhMUgTJFov6qXAxdmcpuD2ugKEYG0KZ4uZWlw2pogxNVrYJwV9+eZU0Liq+V/HvL0vVuzyOAjkhp6RMfHJFquSW1EidMJKSZ/JK3qyJ9WK9Wx+L1jUrnzkmf2B9/gChTZJu</latexit><latexit sha1_base64="WZFl/FI9xdaJ+kzjHpNHmqcqrk4=">AAAB+HicbVBNS8NAEN34WeNHox69BItQLyURQY8FL56kgv2ANpTNdtou3WzC7kRsQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyaCa/S8b2ttfWNza7uwY+/u7R8UncOjho5TxaDOYhGrVkg1CC6hjhwFtBIFNAoFNMPRzcxvPoLSPJYPOE4giOhA8j5nFI3UdYodhCfMGlRNy/bEPu86Ja/izeGuEj8nJZKj1nW+Or2YpRFIZIJq3fa9BIOMKuRMwNTupBoSykZ0AG1DJY1AB9n88Kl7ZpSe24+VKYnuXP09kdFI63EUms6I4lAvezPxP6+dYv86yLhMUgTJFov6qXAxdmcpuD2ugKEYG0KZ4uZWlw2pogxNVrYJwV9+eZU0Liq+V/HvL0vVuzyOAjkhp6RMfHJFquSW1EidMJKSZ/JK3qyJ9WK9Wx+L1jUrnzkmf2B9/gChTZJu</latexit><latexit sha1_base64="WZFl/FI9xdaJ+kzjHpNHmqcqrk4=">AAAB+HicbVBNS8NAEN34WeNHox69BItQLyURQY8FL56kgv2ANpTNdtou3WzC7kRsQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyaCa/S8b2ttfWNza7uwY+/u7R8UncOjho5TxaDOYhGrVkg1CC6hjhwFtBIFNAoFNMPRzcxvPoLSPJYPOE4giOhA8j5nFI3UdYodhCfMGlRNy/bEPu86Ja/izeGuEj8nJZKj1nW+Or2YpRFIZIJq3fa9BIOMKuRMwNTupBoSykZ0AG1DJY1AB9n88Kl7ZpSe24+VKYnuXP09kdFI63EUms6I4lAvezPxP6+dYv86yLhMUgTJFov6qXAxdmcpuD2ugKEYG0KZ4uZWlw2pogxNVrYJwV9+eZU0Liq+V/HvL0vVuzyOAjkhp6RMfHJFquSW1EidMJKSZ/JK3qyJ9WK9Wx+L1jUrnzkmf2B9/gChTZJu</latexit>



Derive bias-variance decomposition
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

E [Y ]
<latexit sha1_base64="4rJiMs5ni60gIa2wry9myPBGM2w=">AAACBHicbVDLSsNAFJ3UV42vqMtuBovgqiQi6LIggiupYB+ShDKZTtqhkwczN0IJXbjxV9y4UMStH+HOv3HSZqGtBy4czrmXe+8JUsEV2Pa3UVlZXVvfqG6aW9s7u3vW/kFHJZmkrE0TkcheQBQTPGZt4CBYL5WMRIFg3WB8WfjdByYVT+I7mKTMj8gw5iGnBLTUt2peRGAUBPnVFHuCheCa96Yn+XAEft+q2w17BrxMnJLUUYlW3/ryBgnNIhYDFUQp17FT8HMigVPBpqaXKZYSOiZD5moak4gpP589McXHWhngMJG6YsAz9fdETiKlJlGgO4uT1aJXiP95bgbhhZ/zOM2AxXS+KMwEhgQXieABl4yCmGhCqOT6VkxHRBIKOjdTh+AsvrxMOqcNx244t2f15k0ZRxXV0BE6QQ46R010jVqojSh6RM/oFb0ZT8aL8W58zFsrRjlziP7A+PwBzLKXkg==</latexit><latexit sha1_base64="4rJiMs5ni60gIa2wry9myPBGM2w=">AAACBHicbVDLSsNAFJ3UV42vqMtuBovgqiQi6LIggiupYB+ShDKZTtqhkwczN0IJXbjxV9y4UMStH+HOv3HSZqGtBy4czrmXe+8JUsEV2Pa3UVlZXVvfqG6aW9s7u3vW/kFHJZmkrE0TkcheQBQTPGZt4CBYL5WMRIFg3WB8WfjdByYVT+I7mKTMj8gw5iGnBLTUt2peRGAUBPnVFHuCheCa96Yn+XAEft+q2w17BrxMnJLUUYlW3/ryBgnNIhYDFUQp17FT8HMigVPBpqaXKZYSOiZD5moak4gpP589McXHWhngMJG6YsAz9fdETiKlJlGgO4uT1aJXiP95bgbhhZ/zOM2AxXS+KMwEhgQXieABl4yCmGhCqOT6VkxHRBIKOjdTh+AsvrxMOqcNx244t2f15k0ZRxXV0BE6QQ46R010jVqojSh6RM/oFb0ZT8aL8W58zFsrRjlziP7A+PwBzLKXkg==</latexit><latexit sha1_base64="4rJiMs5ni60gIa2wry9myPBGM2w=">AAACBHicbVDLSsNAFJ3UV42vqMtuBovgqiQi6LIggiupYB+ShDKZTtqhkwczN0IJXbjxV9y4UMStH+HOv3HSZqGtBy4czrmXe+8JUsEV2Pa3UVlZXVvfqG6aW9s7u3vW/kFHJZmkrE0TkcheQBQTPGZt4CBYL5WMRIFg3WB8WfjdByYVT+I7mKTMj8gw5iGnBLTUt2peRGAUBPnVFHuCheCa96Yn+XAEft+q2w17BrxMnJLUUYlW3/ryBgnNIhYDFUQp17FT8HMigVPBpqaXKZYSOiZD5moak4gpP589McXHWhngMJG6YsAz9fdETiKlJlGgO4uT1aJXiP95bgbhhZ/zOM2AxXS+KMwEhgQXieABl4yCmGhCqOT6VkxHRBIKOjdTh+AsvrxMOqcNx244t2f15k0ZRxXV0BE6QQ46R010jVqojSh6RM/oFb0ZT8aL8W58zFsrRjlziP7A+PwBzLKXkg==</latexit><latexit sha1_base64="4rJiMs5ni60gIa2wry9myPBGM2w=">AAACBHicbVDLSsNAFJ3UV42vqMtuBovgqiQi6LIggiupYB+ShDKZTtqhkwczN0IJXbjxV9y4UMStH+HOv3HSZqGtBy4czrmXe+8JUsEV2Pa3UVlZXVvfqG6aW9s7u3vW/kFHJZmkrE0TkcheQBQTPGZt4CBYL5WMRIFg3WB8WfjdByYVT+I7mKTMj8gw5iGnBLTUt2peRGAUBPnVFHuCheCa96Yn+XAEft+q2w17BrxMnJLUUYlW3/ryBgnNIhYDFUQp17FT8HMigVPBpqaXKZYSOiZD5moak4gpP589McXHWhngMJG6YsAz9fdETiKlJlGgO4uT1aJXiP95bgbhhZ/zOM2AxXS+KMwEhgQXieABl4yCmGhCqOT6VkxHRBIKOjdTh+AsvrxMOqcNx244t2f15k0ZRxXV0BE6QQ46R010jVqojSh6RM/oFb0ZT8aL8W58zFsrRjlziP7A+PwBzLKXkg==</latexit>

= E [f(~x) + z]
<latexit sha1_base64="E+q7lGsiR0fxA0pSn9Q1Pr7wmtc=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NE/ZhhJwyL0z71JUTYsKOy3wVe3Pa36S69s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3C//u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/ArT6nNI=</latexit><latexit sha1_base64="E+q7lGsiR0fxA0pSn9Q1Pr7wmtc=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NE/ZhhJwyL0z71JUTYsKOy3wVe3Pa36S69s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3C//u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/ArT6nNI=</latexit><latexit sha1_base64="E+q7lGsiR0fxA0pSn9Q1Pr7wmtc=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NE/ZhhJwyL0z71JUTYsKOy3wVe3Pa36S69s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3C//u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/ArT6nNI=</latexit><latexit sha1_base64="E+q7lGsiR0fxA0pSn9Q1Pr7wmtc=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NE/ZhhJwyL0z71JUTYsKOy3wVe3Pa36S69s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3C//u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/ArT6nNI=</latexit>

= f(~x) + E [z]
<latexit sha1_base64="hzyvOm0kn03JvsWHAJrtL9MoKn8=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NEo7LfBV7c9rfpLvVjhp0wLE771JcQYcO+s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3Cy/u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/AqqbnNI=</latexit><latexit sha1_base64="hzyvOm0kn03JvsWHAJrtL9MoKn8=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NEo7LfBV7c9rfpLvVjhp0wLE771JcQYcO+s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3Cy/u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/AqqbnNI=</latexit><latexit sha1_base64="hzyvOm0kn03JvsWHAJrtL9MoKn8=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NEo7LfBV7c9rfpLvVjhp0wLE771JcQYcO+s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3Cy/u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/AqqbnNI=</latexit><latexit sha1_base64="hzyvOm0kn03JvsWHAJrtL9MoKn8=">AAACE3icbVDJSgNBEO1xd9xGPXppDEJUCDMi6EUQRPAkEYwRMkPo6dQkjT0L3TXBOOQfvPgrXjwo4tWLN//GznJwe1DweK+KqnphJoVG1/20Jianpmdm5+bthcWl5RVnde1Kp7niUOOpTNV1yDRIkUANBUq4zhSwOJRQD29OBn69C0qLNLnEXgZBzNqJiARnaKSms3NEo7LfBV7c9rfpLvVjhp0wLE771JcQYcO+s30l2h0Mmk7JrbhD0L/EG5MSGaPadD78VsrzGBLkkmnd8NwMg4IpFFxC3/ZzDRnjN6wNDUMTFoMOiuFPfbpllBaNUmUqQTpUv08ULNa6F4emc3Cy/u0NxP+8Ro7RYVCIJMsREj5aFOWSYkoHAdGWUMBR9gxhXAlzK+UdphhHE6NtQvB+v/yXXO1VPLfiXeyXjs/HccyRDbJJysQjB+SYnJEqqRFO7skjeSYv1oP1ZL1ab6PWCWs8s05+wHr/AqqbnNI=</latexit>

= f(~x)
<latexit sha1_base64="/mu50bWz7n5ozD+ygOZ9QgGafxo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IAS+eJIJ5QHYJs5PeZMjsg5nZYFjyG148KOLVn/Hm3zhJ9qCJBQ1FVTfdXX4iuNK2/W0V1tY3NreK26Wd3b39g/LhUUvFqWTYZLGIZcenCgWPsKm5FthJJNLQF9j2R7czvz1GqXgcPepJgl5IBxEPOKPaSO4NCaruGFn2ND3vlSt2zZ6DrBInJxXI0eiVv9x+zNIQI80EVarr2In2Mio1ZwKnJTdVmFA2ogPsGhrREJWXzW+ekjOj9EkQS1ORJnP190RGQ6UmoW86Q6qHatmbif953VQH117GoyTVGLHFoiAVRMdkFgDpc4lMi4khlElubiVsSCVl2sRUMiE4yy+vktZFzbFrzsNlpX6fx1GEEziFKjhwBXW4gwY0gUECz/AKb1ZqvVjv1seitWDlM8fwB9bnDxx/kRw=</latexit><latexit sha1_base64="/mu50bWz7n5ozD+ygOZ9QgGafxo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IAS+eJIJ5QHYJs5PeZMjsg5nZYFjyG148KOLVn/Hm3zhJ9qCJBQ1FVTfdXX4iuNK2/W0V1tY3NreK26Wd3b39g/LhUUvFqWTYZLGIZcenCgWPsKm5FthJJNLQF9j2R7czvz1GqXgcPepJgl5IBxEPOKPaSO4NCaruGFn2ND3vlSt2zZ6DrBInJxXI0eiVv9x+zNIQI80EVarr2In2Mio1ZwKnJTdVmFA2ogPsGhrREJWXzW+ekjOj9EkQS1ORJnP190RGQ6UmoW86Q6qHatmbif953VQH117GoyTVGLHFoiAVRMdkFgDpc4lMi4khlElubiVsSCVl2sRUMiE4yy+vktZFzbFrzsNlpX6fx1GEEziFKjhwBXW4gwY0gUECz/AKb1ZqvVjv1seitWDlM8fwB9bnDxx/kRw=</latexit><latexit sha1_base64="/mu50bWz7n5ozD+ygOZ9QgGafxo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IAS+eJIJ5QHYJs5PeZMjsg5nZYFjyG148KOLVn/Hm3zhJ9qCJBQ1FVTfdXX4iuNK2/W0V1tY3NreK26Wd3b39g/LhUUvFqWTYZLGIZcenCgWPsKm5FthJJNLQF9j2R7czvz1GqXgcPepJgl5IBxEPOKPaSO4NCaruGFn2ND3vlSt2zZ6DrBInJxXI0eiVv9x+zNIQI80EVarr2In2Mio1ZwKnJTdVmFA2ogPsGhrREJWXzW+ekjOj9EkQS1ORJnP190RGQ6UmoW86Q6qHatmbif953VQH117GoyTVGLHFoiAVRMdkFgDpc4lMi4khlElubiVsSCVl2sRUMiE4yy+vktZFzbFrzsNlpX6fx1GEEziFKjhwBXW4gwY0gUECz/AKb1ZqvVjv1seitWDlM8fwB9bnDxx/kRw=</latexit><latexit sha1_base64="/mu50bWz7n5ozD+ygOZ9QgGafxo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL0IAS+eJIJ5QHYJs5PeZMjsg5nZYFjyG148KOLVn/Hm3zhJ9qCJBQ1FVTfdXX4iuNK2/W0V1tY3NreK26Wd3b39g/LhUUvFqWTYZLGIZcenCgWPsKm5FthJJNLQF9j2R7czvz1GqXgcPepJgl5IBxEPOKPaSO4NCaruGFn2ND3vlSt2zZ6DrBInJxXI0eiVv9x+zNIQI80EVarr2In2Mio1ZwKnJTdVmFA2ogPsGhrREJWXzW+ekjOj9EkQS1ORJnP190RGQ6UmoW86Q6qHatmbif953VQH117GoyTVGLHFoiAVRMdkFgDpc4lMi4khlElubiVsSCVl2sRUMiE4yy+vktZFzbFrzsNlpX6fx1GEEziFKjhwBXW4gwY0gUECz/AKb1ZqvVjv1seitWDlM8fwB9bnDxx/kRw=</latexit>

Var(Y )
<latexit sha1_base64="E15RaOiRfBk3VkhuTD+t500UfX0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAYhXsKuCHoMePEkEcxDkiXMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbBa2its7u3sle/+gqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oauq3HkBpEUd3OE7AC9kgEoHgDI3Us0tdhEfMmkxNaOX+lPbsslN1ZqDLxM1JmeSo9+yvbj/maQgRcsm07rhOgl7GFAouYVLsphoSxkdsAB1DIxaC9rLZ4RN6YpQ+DWJlKkI6U39PZCzUehz6pjNkONSL3lT8z+ukGFx6mYiSFCHi80VBKinGdJoC7QsFHOXYEMaVMLdSPmSKcTRZFU0I7uLLy6R5VnWdqnt7Xq7d5HEUyBE5JhXikgtSI9ekThqEk5Q8k1fyZj1ZL9a79TFvXbHymUPyB9bnD7IQknk=</latexit><latexit sha1_base64="E15RaOiRfBk3VkhuTD+t500UfX0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAYhXsKuCHoMePEkEcxDkiXMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbBa2its7u3sle/+gqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oauq3HkBpEUd3OE7AC9kgEoHgDI3Us0tdhEfMmkxNaOX+lPbsslN1ZqDLxM1JmeSo9+yvbj/maQgRcsm07rhOgl7GFAouYVLsphoSxkdsAB1DIxaC9rLZ4RN6YpQ+DWJlKkI6U39PZCzUehz6pjNkONSL3lT8z+ukGFx6mYiSFCHi80VBKinGdJoC7QsFHOXYEMaVMLdSPmSKcTRZFU0I7uLLy6R5VnWdqnt7Xq7d5HEUyBE5JhXikgtSI9ekThqEk5Q8k1fyZj1ZL9a79TFvXbHymUPyB9bnD7IQknk=</latexit><latexit sha1_base64="E15RaOiRfBk3VkhuTD+t500UfX0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAYhXsKuCHoMePEkEcxDkiXMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbBa2its7u3sle/+gqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oauq3HkBpEUd3OE7AC9kgEoHgDI3Us0tdhEfMmkxNaOX+lPbsslN1ZqDLxM1JmeSo9+yvbj/maQgRcsm07rhOgl7GFAouYVLsphoSxkdsAB1DIxaC9rLZ4RN6YpQ+DWJlKkI6U39PZCzUehz6pjNkONSL3lT8z+ukGFx6mYiSFCHi80VBKinGdJoC7QsFHOXYEMaVMLdSPmSKcTRZFU0I7uLLy6R5VnWdqnt7Xq7d5HEUyBE5JhXikgtSI9ekThqEk5Q8k1fyZj1ZL9a79TFvXbHymUPyB9bnD7IQknk=</latexit><latexit sha1_base64="E15RaOiRfBk3VkhuTD+t500UfX0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAYhXsKuCHoMePEkEcxDkiXMTnqTIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbBa2its7u3sle/+gqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oauq3HkBpEUd3OE7AC9kgEoHgDI3Us0tdhEfMmkxNaOX+lPbsslN1ZqDLxM1JmeSo9+yvbj/maQgRcsm07rhOgl7GFAouYVLsphoSxkdsAB1DIxaC9rLZ4RN6YpQ+DWJlKkI6U39PZCzUehz6pjNkONSL3lT8z+ukGFx6mYiSFCHi80VBKinGdJoC7QsFHOXYEMaVMLdSPmSKcTRZFU0I7uLLy6R5VnWdqnt7Xq7d5HEUyBE5JhXikgtSI9ekThqEk5Q8k1fyZj1ZL9a79TFvXbHymUPyB9bnD7IQknk=</latexit>

= Var(f(~x) + z) = Var(Z)
<latexit sha1_base64="gjfIIgbeVPvGUQWMMgNkX9rxtEs=">AAACF3icbVDJSgNBEO1xjXGLevTSGIQEIcyIoBch4MWTRDALJiH0dGqSxp6F7pqQOOQvvPgrXjwo4lVv/o2d5RATHxQ83quiqp4bSaHRtn+speWV1bX11EZ6c2t7Zzezt1/RYaw4lHkoQ1VzmQYpAiijQAm1SAHzXQlV9+Fq5Fd7oLQIgzscRND0WScQnuAMjdTKFC5pA6GPSYWpIc15uUYPeNIf5ukJfczTWTd3n6etTNYu2GPQReJMSZZMUWplvhvtkMc+BMgl07ru2BE2E6ZQcAnDdCPWEDH+wDpQNzRgPuhmMv5rSI+N0qZeqEwFSMfq7ETCfK0Hvms6fYZdPe+NxP+8eozeRTMRQRQjBHyyyIslxZCOQqJtoYCjHBjCuBLmVsq7TDGOJsq0CcGZf3mRVE4Ljl1wbs+yxZtpHClySI5IjjjknBTJNSmRMuHkibyQN/JuPVuv1of1OWldsqYzB+QPrK9fskOdww==</latexit><latexit sha1_base64="gjfIIgbeVPvGUQWMMgNkX9rxtEs=">AAACF3icbVDJSgNBEO1xjXGLevTSGIQEIcyIoBch4MWTRDALJiH0dGqSxp6F7pqQOOQvvPgrXjwo4lVv/o2d5RATHxQ83quiqp4bSaHRtn+speWV1bX11EZ6c2t7Zzezt1/RYaw4lHkoQ1VzmQYpAiijQAm1SAHzXQlV9+Fq5Fd7oLQIgzscRND0WScQnuAMjdTKFC5pA6GPSYWpIc15uUYPeNIf5ukJfczTWTd3n6etTNYu2GPQReJMSZZMUWplvhvtkMc+BMgl07ru2BE2E6ZQcAnDdCPWEDH+wDpQNzRgPuhmMv5rSI+N0qZeqEwFSMfq7ETCfK0Hvms6fYZdPe+NxP+8eozeRTMRQRQjBHyyyIslxZCOQqJtoYCjHBjCuBLmVsq7TDGOJsq0CcGZf3mRVE4Ljl1wbs+yxZtpHClySI5IjjjknBTJNSmRMuHkibyQN/JuPVuv1of1OWldsqYzB+QPrK9fskOdww==</latexit><latexit sha1_base64="gjfIIgbeVPvGUQWMMgNkX9rxtEs=">AAACF3icbVDJSgNBEO1xjXGLevTSGIQEIcyIoBch4MWTRDALJiH0dGqSxp6F7pqQOOQvvPgrXjwo4lVv/o2d5RATHxQ83quiqp4bSaHRtn+speWV1bX11EZ6c2t7Zzezt1/RYaw4lHkoQ1VzmQYpAiijQAm1SAHzXQlV9+Fq5Fd7oLQIgzscRND0WScQnuAMjdTKFC5pA6GPSYWpIc15uUYPeNIf5ukJfczTWTd3n6etTNYu2GPQReJMSZZMUWplvhvtkMc+BMgl07ru2BE2E6ZQcAnDdCPWEDH+wDpQNzRgPuhmMv5rSI+N0qZeqEwFSMfq7ETCfK0Hvms6fYZdPe+NxP+8eozeRTMRQRQjBHyyyIslxZCOQqJtoYCjHBjCuBLmVsq7TDGOJsq0CcGZf3mRVE4Ljl1wbs+yxZtpHClySI5IjjjknBTJNSmRMuHkibyQN/JuPVuv1of1OWldsqYzB+QPrK9fskOdww==</latexit><latexit sha1_base64="gjfIIgbeVPvGUQWMMgNkX9rxtEs=">AAACF3icbVDJSgNBEO1xjXGLevTSGIQEIcyIoBch4MWTRDALJiH0dGqSxp6F7pqQOOQvvPgrXjwo4lVv/o2d5RATHxQ83quiqp4bSaHRtn+speWV1bX11EZ6c2t7Zzezt1/RYaw4lHkoQ1VzmQYpAiijQAm1SAHzXQlV9+Fq5Fd7oLQIgzscRND0WScQnuAMjdTKFC5pA6GPSYWpIc15uUYPeNIf5ukJfczTWTd3n6etTNYu2GPQReJMSZZMUWplvhvtkMc+BMgl07ru2BE2E6ZQcAnDdCPWEDH+wDpQNzRgPuhmMv5rSI+N0qZeqEwFSMfq7ETCfK0Hvms6fYZdPe+NxP+8eozeRTMRQRQjBHyyyIslxZCOQqJtoYCjHBjCuBLmVsq7TDGOJsq0CcGZf3mRVE4Ljl1wbs+yxZtpHClySI5IjjjknBTJNSmRMuHkibyQN/JuPVuv1of1OWldsqYzB+QPrK9fskOdww==</latexit>

Start by analyzing mean & var of y

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit>



Bias-variance tradeoff
Goal: We want to find the model family with the 
lowest expected error

✏(~x; f)
<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

Add one more lemma (for any RV)

Var(X)
<latexit sha1_base64="AGMpCU44INK4XHinSTg6EdURPEw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvHiSCOYByRpmJ51kyOzsMtOrhiX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxGV1O/+QDaiEjd4TgGP2QDJfqCM7TSfQfhCdMG0xNabp12iyW34s5Al4mXkRLJUOsWvzq9iCchKOSSGdP23Bj9lGkUXMKk0EkMxIyP2ADalioWgvHT2dUTemKVHu1H2pZCOlN/T6QsNGYcBrYzZDg0i95U/M9rJ9i/9FOh4gRB8fmifiIpRnQaAe0JDRzl2BLGtbC3Uj5kmnG0QRVsCN7iy8ukcVbx3Ip3e16q3mRx5MkROSZl4pELUiXXpEbqhBNNnskreXMenRfn3fmYt+acbOaQ/IHz+QPePZId</latexit><latexit sha1_base64="AGMpCU44INK4XHinSTg6EdURPEw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvHiSCOYByRpmJ51kyOzsMtOrhiX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxGV1O/+QDaiEjd4TgGP2QDJfqCM7TSfQfhCdMG0xNabp12iyW34s5Al4mXkRLJUOsWvzq9iCchKOSSGdP23Bj9lGkUXMKk0EkMxIyP2ADalioWgvHT2dUTemKVHu1H2pZCOlN/T6QsNGYcBrYzZDg0i95U/M9rJ9i/9FOh4gRB8fmifiIpRnQaAe0JDRzl2BLGtbC3Uj5kmnG0QRVsCN7iy8ukcVbx3Ip3e16q3mRx5MkROSZl4pELUiXXpEbqhBNNnskreXMenRfn3fmYt+acbOaQ/IHz+QPePZId</latexit><latexit sha1_base64="AGMpCU44INK4XHinSTg6EdURPEw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvHiSCOYByRpmJ51kyOzsMtOrhiX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxGV1O/+QDaiEjd4TgGP2QDJfqCM7TSfQfhCdMG0xNabp12iyW34s5Al4mXkRLJUOsWvzq9iCchKOSSGdP23Bj9lGkUXMKk0EkMxIyP2ADalioWgvHT2dUTemKVHu1H2pZCOlN/T6QsNGYcBrYzZDg0i95U/M9rJ9i/9FOh4gRB8fmifiIpRnQaAe0JDRzl2BLGtbC3Uj5kmnG0QRVsCN7iy8ukcVbx3Ip3e16q3mRx5MkROSZl4pELUiXXpEbqhBNNnskreXMenRfn3fmYt+acbOaQ/IHz+QPePZId</latexit><latexit sha1_base64="AGMpCU44INK4XHinSTg6EdURPEw=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvHiSCOYByRpmJ51kyOzsMtOrhiX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxGV1O/+QDaiEjd4TgGP2QDJfqCM7TSfQfhCdMG0xNabp12iyW34s5Al4mXkRLJUOsWvzq9iCchKOSSGdP23Bj9lGkUXMKk0EkMxIyP2ADalioWgvHT2dUTemKVHu1H2pZCOlN/T6QsNGYcBrYzZDg0i95U/M9rJ9i/9FOh4gRB8fmifiIpRnQaAe0JDRzl2BLGtbC3Uj5kmnG0QRVsCN7iy8ukcVbx3Ip3e16q3mRx5MkROSZl4pELUiXXpEbqhBNNnskreXMenRfn3fmYt+acbOaQ/IHz+QPePZId</latexit>

= E
⇥
(X � E(X))2

⇤
<latexit sha1_base64="2yJfKtxvSTj48p4YtGLepj1GJ4I=">AAACGnicbVDJSgNBEO2JWxy3UY9eGoOQHAwzQdCLEBDBk0QwC2TG0NPpSZr0LHTXCGHId3jxV7x4UMSbePFv7CyHmPig4PFeFVX1/ERwBbb9Y+RWVtfWN/Kb5tb2zu6etX/QUHEqKavTWMSy5RPFBI9YHTgI1kokI6EvWNMfXI395iOTisfRPQwT5oWkF/GAUwJa6ljOJXZDAn3fz65H2BUsgLZZbOHTObnYKpUeKqYrea8PXscq2GV7ArxMnBkpoBlqHevL7cY0DVkEVBCl2o6dgJcRCZwKNjLdVLGE0AHpsbamEQmZ8rLJayN8opUuDmKpKwI8UecnMhIqNQx93Tm+Vy16Y/E/r51CcOFlPEpSYBGdLgpSgSHG45xwl0tGQQw1IVRyfSumfSIJBZ2mqUNwFl9eJo1K2bHLzt1ZoXo7iyOPjtAxKiIHnaMqukE1VEcUPaEX9IbejWfj1fgwPqetOWM2c4j+wPj+BaV+nsg=</latexit><latexit sha1_base64="2yJfKtxvSTj48p4YtGLepj1GJ4I=">AAACGnicbVDJSgNBEO2JWxy3UY9eGoOQHAwzQdCLEBDBk0QwC2TG0NPpSZr0LHTXCGHId3jxV7x4UMSbePFv7CyHmPig4PFeFVX1/ERwBbb9Y+RWVtfWN/Kb5tb2zu6etX/QUHEqKavTWMSy5RPFBI9YHTgI1kokI6EvWNMfXI395iOTisfRPQwT5oWkF/GAUwJa6ljOJXZDAn3fz65H2BUsgLZZbOHTObnYKpUeKqYrea8PXscq2GV7ArxMnBkpoBlqHevL7cY0DVkEVBCl2o6dgJcRCZwKNjLdVLGE0AHpsbamEQmZ8rLJayN8opUuDmKpKwI8UecnMhIqNQx93Tm+Vy16Y/E/r51CcOFlPEpSYBGdLgpSgSHG45xwl0tGQQw1IVRyfSumfSIJBZ2mqUNwFl9eJo1K2bHLzt1ZoXo7iyOPjtAxKiIHnaMqukE1VEcUPaEX9IbejWfj1fgwPqetOWM2c4j+wPj+BaV+nsg=</latexit><latexit sha1_base64="2yJfKtxvSTj48p4YtGLepj1GJ4I=">AAACGnicbVDJSgNBEO2JWxy3UY9eGoOQHAwzQdCLEBDBk0QwC2TG0NPpSZr0LHTXCGHId3jxV7x4UMSbePFv7CyHmPig4PFeFVX1/ERwBbb9Y+RWVtfWN/Kb5tb2zu6etX/QUHEqKavTWMSy5RPFBI9YHTgI1kokI6EvWNMfXI395iOTisfRPQwT5oWkF/GAUwJa6ljOJXZDAn3fz65H2BUsgLZZbOHTObnYKpUeKqYrea8PXscq2GV7ArxMnBkpoBlqHevL7cY0DVkEVBCl2o6dgJcRCZwKNjLdVLGE0AHpsbamEQmZ8rLJayN8opUuDmKpKwI8UecnMhIqNQx93Tm+Vy16Y/E/r51CcOFlPEpSYBGdLgpSgSHG45xwl0tGQQw1IVRyfSumfSIJBZ2mqUNwFl9eJo1K2bHLzt1ZoXo7iyOPjtAxKiIHnaMqukE1VEcUPaEX9IbejWfj1fgwPqetOWM2c4j+wPj+BaV+nsg=</latexit><latexit sha1_base64="2yJfKtxvSTj48p4YtGLepj1GJ4I=">AAACGnicbVDJSgNBEO2JWxy3UY9eGoOQHAwzQdCLEBDBk0QwC2TG0NPpSZr0LHTXCGHId3jxV7x4UMSbePFv7CyHmPig4PFeFVX1/ERwBbb9Y+RWVtfWN/Kb5tb2zu6etX/QUHEqKavTWMSy5RPFBI9YHTgI1kokI6EvWNMfXI395iOTisfRPQwT5oWkF/GAUwJa6ljOJXZDAn3fz65H2BUsgLZZbOHTObnYKpUeKqYrea8PXscq2GV7ArxMnBkpoBlqHevL7cY0DVkEVBCl2o6dgJcRCZwKNjLdVLGE0AHpsbamEQmZ8rLJayN8opUuDmKpKwI8UecnMhIqNQx93Tm+Vy16Y/E/r51CcOFlPEpSYBGdLgpSgSHG45xwl0tGQQw1IVRyfSumfSIJBZ2mqUNwFl9eJo1K2bHLzt1ZoXo7iyOPjtAxKiIHnaMqukE1VEcUPaEX9IbejWfj1fgwPqetOWM2c4j+wPj+BaV+nsg=</latexit>

= E
⇥
X2

⇤
� E [X]2

<latexit sha1_base64="ldB58oChhkYVjzkR3HIENYehbXI=">AAACKXicbVDLSsNAFJ34rPFVdelmsAhuLEkRdCMURHAlFWwbSNIymU7aoZMHMzdCCf0dN/6KGwVF3fojTtsstPXAwOGcc5l7T5AKrsCyPo2l5ZXVtfXShrm5tb2zW97bb6kkk5Q1aSIS6QREMcFj1gQOgjmpZCQKBGsHw6uJ335gUvEkvodRyvyI9GMeckpAS91y/RJ7EYFBEOTXY+wJFoJrOp0a9iTvD8A38eliADtmYXdq3XLFqlpT4EViF6SCCjS65Vevl9AsYjFQQZRybSsFPycSOBVsbHqZYimhQ9JnrqYxiZjy8+mlY3yslR4OE6lfDHiq/p7ISaTUKAp0crK0mvcm4n+em0F44ec8TjNgMZ19FGYCQ4InteEel4yCGGlCqOR6V0wHRBIKulxTl2DPn7xIWrWqbVXtu7NK/baoo4QO0RE6QTY6R3V0gxqoiSh6RM/oDb0bT8aL8WF8zaJLRjFzgP7A+P4BbD2k7w==</latexit><latexit sha1_base64="ldB58oChhkYVjzkR3HIENYehbXI=">AAACKXicbVDLSsNAFJ34rPFVdelmsAhuLEkRdCMURHAlFWwbSNIymU7aoZMHMzdCCf0dN/6KGwVF3fojTtsstPXAwOGcc5l7T5AKrsCyPo2l5ZXVtfXShrm5tb2zW97bb6kkk5Q1aSIS6QREMcFj1gQOgjmpZCQKBGsHw6uJ335gUvEkvodRyvyI9GMeckpAS91y/RJ7EYFBEOTXY+wJFoJrOp0a9iTvD8A38eliADtmYXdq3XLFqlpT4EViF6SCCjS65Vevl9AsYjFQQZRybSsFPycSOBVsbHqZYimhQ9JnrqYxiZjy8+mlY3yslR4OE6lfDHiq/p7ISaTUKAp0crK0mvcm4n+em0F44ec8TjNgMZ19FGYCQ4InteEel4yCGGlCqOR6V0wHRBIKulxTl2DPn7xIWrWqbVXtu7NK/baoo4QO0RE6QTY6R3V0gxqoiSh6RM/oDb0bT8aL8WF8zaJLRjFzgP7A+P4BbD2k7w==</latexit><latexit sha1_base64="ldB58oChhkYVjzkR3HIENYehbXI=">AAACKXicbVDLSsNAFJ34rPFVdelmsAhuLEkRdCMURHAlFWwbSNIymU7aoZMHMzdCCf0dN/6KGwVF3fojTtsstPXAwOGcc5l7T5AKrsCyPo2l5ZXVtfXShrm5tb2zW97bb6kkk5Q1aSIS6QREMcFj1gQOgjmpZCQKBGsHw6uJ335gUvEkvodRyvyI9GMeckpAS91y/RJ7EYFBEOTXY+wJFoJrOp0a9iTvD8A38eliADtmYXdq3XLFqlpT4EViF6SCCjS65Vevl9AsYjFQQZRybSsFPycSOBVsbHqZYimhQ9JnrqYxiZjy8+mlY3yslR4OE6lfDHiq/p7ISaTUKAp0crK0mvcm4n+em0F44ec8TjNgMZ19FGYCQ4InteEel4yCGGlCqOR6V0wHRBIKulxTl2DPn7xIWrWqbVXtu7NK/baoo4QO0RE6QTY6R3V0gxqoiSh6RM/oDb0bT8aL8WF8zaJLRjFzgP7A+P4BbD2k7w==</latexit><latexit sha1_base64="ldB58oChhkYVjzkR3HIENYehbXI=">AAACKXicbVDLSsNAFJ34rPFVdelmsAhuLEkRdCMURHAlFWwbSNIymU7aoZMHMzdCCf0dN/6KGwVF3fojTtsstPXAwOGcc5l7T5AKrsCyPo2l5ZXVtfXShrm5tb2zW97bb6kkk5Q1aSIS6QREMcFj1gQOgjmpZCQKBGsHw6uJ335gUvEkvodRyvyI9GMeckpAS91y/RJ7EYFBEOTXY+wJFoJrOp0a9iTvD8A38eliADtmYXdq3XLFqlpT4EViF6SCCjS65Vevl9AsYjFQQZRybSsFPycSOBVsbHqZYimhQ9JnrqYxiZjy8+mlY3yslR4OE6lfDHiq/p7ISaTUKAp0crK0mvcm4n+em0F44ec8TjNgMZ19FGYCQ4InteEel4yCGGlCqOR6V0wHRBIKulxTl2DPn7xIWrWqbVXtu7NK/baoo4QO0RE6QTY6R3V0gxqoiSh6RM/oDb0bT8aL8WF8zaJLRjFzgP7A+P4BbD2k7w==</latexit>

=) E
⇥
X2

⇤
= Var(X) + E [X]2

<latexit sha1_base64="pfTWJjvrlaynhbFPNXTqR4rZBmw="></latexit><latexit sha1_base64="pfTWJjvrlaynhbFPNXTqR4rZBmw="></latexit><latexit sha1_base64="pfTWJjvrlaynhbFPNXTqR4rZBmw="></latexit><latexit sha1_base64="pfTWJjvrlaynhbFPNXTqR4rZBmw="></latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit>



Bias-variance tradeoff
✏(~x; f)

<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

E
⇥
X2

⇤
= Var(X) + E [X]2

<latexit sha1_base64="aACmtUkvZEwmeXdQWeMqJpK1MG8="></latexit><latexit sha1_base64="aACmtUkvZEwmeXdQWeMqJpK1MG8="></latexit><latexit sha1_base64="aACmtUkvZEwmeXdQWeMqJpK1MG8="></latexit><latexit sha1_base64="aACmtUkvZEwmeXdQWeMqJpK1MG8="></latexit>

Var(Y ) = Var(z)
<latexit sha1_base64="ZG2Qfs8m9LF5d+K1c+rLQDd6UaQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQbsqMCLoRCm5cSQX7kHYomTRtQzOZIbkj1qErN/6KGxeKuPUb3Pk3pu0sauuBCyfn3EvuPX4kuAbH+bEyS8srq2vZ9dzG5tb2jr27V9NhrCir0lCEquETzQSXrAocBGtEipHAF6zuDy7Hfv2eKc1DeQvDiHkB6Une5ZSAkdr2YQvYAyQ1okaFuyK+wDPvx2LbzjslZwK8SNyU5FGKStv+bnVCGgdMAhVE66brROAlRAGngo1yrViziNAB6bGmoZIETHvJ5IwRPjZKB3dDZUoCnqizEwkJtB4GvukMCPT1vDcW//OaMXTPvYTLKAYm6fSjbiwwhHicCe5wxSiIoSGEKm52xbRPFKFgksuZENz5kxdJ7aTkOiX35jRfvk7jyKIDdIQKyEVnqIyuUAVVEUVP6AW9oXfr2Xq1PqzPaWvGSmf20R9YX78rkphP</latexit><latexit sha1_base64="ZG2Qfs8m9LF5d+K1c+rLQDd6UaQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQbsqMCLoRCm5cSQX7kHYomTRtQzOZIbkj1qErN/6KGxeKuPUb3Pk3pu0sauuBCyfn3EvuPX4kuAbH+bEyS8srq2vZ9dzG5tb2jr27V9NhrCir0lCEquETzQSXrAocBGtEipHAF6zuDy7Hfv2eKc1DeQvDiHkB6Une5ZSAkdr2YQvYAyQ1okaFuyK+wDPvx2LbzjslZwK8SNyU5FGKStv+bnVCGgdMAhVE66brROAlRAGngo1yrViziNAB6bGmoZIETHvJ5IwRPjZKB3dDZUoCnqizEwkJtB4GvukMCPT1vDcW//OaMXTPvYTLKAYm6fSjbiwwhHicCe5wxSiIoSGEKm52xbRPFKFgksuZENz5kxdJ7aTkOiX35jRfvk7jyKIDdIQKyEVnqIyuUAVVEUVP6AW9oXfr2Xq1PqzPaWvGSmf20R9YX78rkphP</latexit><latexit sha1_base64="ZG2Qfs8m9LF5d+K1c+rLQDd6UaQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQbsqMCLoRCm5cSQX7kHYomTRtQzOZIbkj1qErN/6KGxeKuPUb3Pk3pu0sauuBCyfn3EvuPX4kuAbH+bEyS8srq2vZ9dzG5tb2jr27V9NhrCir0lCEquETzQSXrAocBGtEipHAF6zuDy7Hfv2eKc1DeQvDiHkB6Une5ZSAkdr2YQvYAyQ1okaFuyK+wDPvx2LbzjslZwK8SNyU5FGKStv+bnVCGgdMAhVE66brROAlRAGngo1yrViziNAB6bGmoZIETHvJ5IwRPjZKB3dDZUoCnqizEwkJtB4GvukMCPT1vDcW//OaMXTPvYTLKAYm6fSjbiwwhHicCe5wxSiIoSGEKm52xbRPFKFgksuZENz5kxdJ7aTkOiX35jRfvk7jyKIDdIQKyEVnqIyuUAVVEUVP6AW9oXfr2Xq1PqzPaWvGSmf20R9YX78rkphP</latexit><latexit sha1_base64="ZG2Qfs8m9LF5d+K1c+rLQDd6UaQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQbsqMCLoRCm5cSQX7kHYomTRtQzOZIbkj1qErN/6KGxeKuPUb3Pk3pu0sauuBCyfn3EvuPX4kuAbH+bEyS8srq2vZ9dzG5tb2jr27V9NhrCir0lCEquETzQSXrAocBGtEipHAF6zuDy7Hfv2eKc1DeQvDiHkB6Une5ZSAkdr2YQvYAyQ1okaFuyK+wDPvx2LbzjslZwK8SNyU5FGKStv+bnVCGgdMAhVE66brROAlRAGngo1yrViziNAB6bGmoZIETHvJ5IwRPjZKB3dDZUoCnqizEwkJtB4GvukMCPT1vDcW//OaMXTPvYTLKAYm6fSjbiwwhHicCe5wxSiIoSGEKm52xbRPFKFgksuZENz5kxdJ7aTkOiX35jRfvk7jyKIDdIQKyEVnqIyuUAVVEUVP6AW9oXfr2Xq1PqzPaWvGSmf20R9YX78rkphP</latexit>

E(Y ) = f(~x)
<latexit sha1_base64="SC190rXdoUfbaTznoGyhmuZ13CE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZREBN0IBRFcSQX7kCaUyXTSDp1MwsykWELAjb/ixoUibv0Jd/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFpeWV1bXiemljc2t7x9zda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11mfntMhKQhv1OTiLgBGnDqU4yUlnrmgRMgNfS85Cqt3FfhBfQrzpjg5CGt9syyVbOmgIvEzkkZ5Gj0zC+nH+I4IFxhhqTs2lak3AQJRTEjacmJJYkQHqEB6WrKUUCkm0x/SOGxVvrQD4UuruBU/T2RoEDKSeDpzuxiOe9l4n9eN1b+uZtQHsWKcDxb5McMqhBmgcA+FQQrNtEEYUH1rRAPkUBY6dhKOgR7/uVF0jqp2VbNvj0t12/yOIrgEByBCrDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxucPRnSWqg==</latexit><latexit sha1_base64="SC190rXdoUfbaTznoGyhmuZ13CE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZREBN0IBRFcSQX7kCaUyXTSDp1MwsykWELAjb/ixoUibv0Jd/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFpeWV1bXiemljc2t7x9zda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11mfntMhKQhv1OTiLgBGnDqU4yUlnrmgRMgNfS85Cqt3FfhBfQrzpjg5CGt9syyVbOmgIvEzkkZ5Gj0zC+nH+I4IFxhhqTs2lak3AQJRTEjacmJJYkQHqEB6WrKUUCkm0x/SOGxVvrQD4UuruBU/T2RoEDKSeDpzuxiOe9l4n9eN1b+uZtQHsWKcDxb5McMqhBmgcA+FQQrNtEEYUH1rRAPkUBY6dhKOgR7/uVF0jqp2VbNvj0t12/yOIrgEByBCrDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxucPRnSWqg==</latexit><latexit sha1_base64="SC190rXdoUfbaTznoGyhmuZ13CE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZREBN0IBRFcSQX7kCaUyXTSDp1MwsykWELAjb/ixoUibv0Jd/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFpeWV1bXiemljc2t7x9zda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11mfntMhKQhv1OTiLgBGnDqU4yUlnrmgRMgNfS85Cqt3FfhBfQrzpjg5CGt9syyVbOmgIvEzkkZ5Gj0zC+nH+I4IFxhhqTs2lak3AQJRTEjacmJJYkQHqEB6WrKUUCkm0x/SOGxVvrQD4UuruBU/T2RoEDKSeDpzuxiOe9l4n9eN1b+uZtQHsWKcDxb5McMqhBmgcA+FQQrNtEEYUH1rRAPkUBY6dhKOgR7/uVF0jqp2VbNvj0t12/yOIrgEByBCrDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxucPRnSWqg==</latexit><latexit sha1_base64="SC190rXdoUfbaTznoGyhmuZ13CE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZREBN0IBRFcSQX7kCaUyXTSDp1MwsykWELAjb/ixoUibv0Jd/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFpeWV1bXiemljc2t7x9zda8kwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11mfntMhKQhv1OTiLgBGnDqU4yUlnrmgRMgNfS85Cqt3FfhBfQrzpjg5CGt9syyVbOmgIvEzkkZ5Gj0zC+nH+I4IFxhhqTs2lak3AQJRTEjacmJJYkQHqEB6WrKUUCkm0x/SOGxVvrQD4UuruBU/T2RoEDKSeDpzuxiOe9l4n9eN1b+uZtQHsWKcDxb5McMqhBmgcA+FQQrNtEEYUH1rRAPkUBY6dhKOgR7/uVF0jqp2VbNvj0t12/yOIrgEByBCrDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9ZaMPKZffAHxucPRnSWqg==</latexit>

Facts
= E(f⇤

✓ (~x;D)2)
<latexit sha1_base64="ZIOmxsZiMRYWIujdKUiRputkwS4=">AAACHHicbVDJSgNBFOxxjXGLevTSGIToIcyooCBCQAVPEsEkQiaGns4b09iz0P0mGIb5EC/+ihcPinjxIPg3dpaDW0FDUVWPfq+8WAqNtv1pTUxOTc/M5uby8wuLS8uFldW6jhLFocYjGakrj2mQIoQaCpRwFStggSeh4d0eD/xGD5QWUXiJ/RhaAbsJhS84QyO1C7tH1A0Ydj0vPc1Kfjt1sQvIsuvtktsDnt5lh6MAZzI9ybaud7Zou1C0y/YQ9C9xxqRIxqi2C+9uJ+JJACFyybRuOnaMrZQpFFxClncTDTHjt+wGmoaGLADdSofHZXTTKB3qR8q8EOlQ/T6RskDrfuCZ5GBP/dsbiP95zQT9g1YqwjhBCPnoIz+RFCM6aIp2hAKOsm8I40qYXSnvMsU4mj7zpgTn98l/SX2n7Nhl52KvWDkf15Ej62SDlIhD9kmFnJEqqRFO7skjeSYv1oP1ZL1ab6PohDWeWSM/YH18AXPKoPk=</latexit><latexit sha1_base64="ZIOmxsZiMRYWIujdKUiRputkwS4=">AAACHHicbVDJSgNBFOxxjXGLevTSGIToIcyooCBCQAVPEsEkQiaGns4b09iz0P0mGIb5EC/+ihcPinjxIPg3dpaDW0FDUVWPfq+8WAqNtv1pTUxOTc/M5uby8wuLS8uFldW6jhLFocYjGakrj2mQIoQaCpRwFStggSeh4d0eD/xGD5QWUXiJ/RhaAbsJhS84QyO1C7tH1A0Ydj0vPc1Kfjt1sQvIsuvtktsDnt5lh6MAZzI9ybaud7Zou1C0y/YQ9C9xxqRIxqi2C+9uJ+JJACFyybRuOnaMrZQpFFxClncTDTHjt+wGmoaGLADdSofHZXTTKB3qR8q8EOlQ/T6RskDrfuCZ5GBP/dsbiP95zQT9g1YqwjhBCPnoIz+RFCM6aIp2hAKOsm8I40qYXSnvMsU4mj7zpgTn98l/SX2n7Nhl52KvWDkf15Ej62SDlIhD9kmFnJEqqRFO7skjeSYv1oP1ZL1ab6PohDWeWSM/YH18AXPKoPk=</latexit><latexit sha1_base64="ZIOmxsZiMRYWIujdKUiRputkwS4=">AAACHHicbVDJSgNBFOxxjXGLevTSGIToIcyooCBCQAVPEsEkQiaGns4b09iz0P0mGIb5EC/+ihcPinjxIPg3dpaDW0FDUVWPfq+8WAqNtv1pTUxOTc/M5uby8wuLS8uFldW6jhLFocYjGakrj2mQIoQaCpRwFStggSeh4d0eD/xGD5QWUXiJ/RhaAbsJhS84QyO1C7tH1A0Ydj0vPc1Kfjt1sQvIsuvtktsDnt5lh6MAZzI9ybaud7Zou1C0y/YQ9C9xxqRIxqi2C+9uJ+JJACFyybRuOnaMrZQpFFxClncTDTHjt+wGmoaGLADdSofHZXTTKB3qR8q8EOlQ/T6RskDrfuCZ5GBP/dsbiP95zQT9g1YqwjhBCPnoIz+RFCM6aIp2hAKOsm8I40qYXSnvMsU4mj7zpgTn98l/SX2n7Nhl52KvWDkf15Ej62SDlIhD9kmFnJEqqRFO7skjeSYv1oP1ZL1ab6PohDWeWSM/YH18AXPKoPk=</latexit><latexit sha1_base64="ZIOmxsZiMRYWIujdKUiRputkwS4=">AAACHHicbVDJSgNBFOxxjXGLevTSGIToIcyooCBCQAVPEsEkQiaGns4b09iz0P0mGIb5EC/+ihcPinjxIPg3dpaDW0FDUVWPfq+8WAqNtv1pTUxOTc/M5uby8wuLS8uFldW6jhLFocYjGakrj2mQIoQaCpRwFStggSeh4d0eD/xGD5QWUXiJ/RhaAbsJhS84QyO1C7tH1A0Ydj0vPc1Kfjt1sQvIsuvtktsDnt5lh6MAZzI9ybaud7Zou1C0y/YQ9C9xxqRIxqi2C+9uJ+JJACFyybRuOnaMrZQpFFxClncTDTHjt+wGmoaGLADdSofHZXTTKB3qR8q8EOlQ/T6RskDrfuCZ5GBP/dsbiP95zQT9g1YqwjhBCPnoIz+RFCM6aIp2hAKOsm8I40qYXSnvMsU4mj7zpgTn98l/SX2n7Nhl52KvWDkf15Ej62SDlIhD9kmFnJEqqRFO7skjeSYv1oP1ZL1ab6PohDWeWSM/YH18AXPKoPk=</latexit>

+E(y2)
<latexit sha1_base64="/xsjhpS8M3Y056PvYWEKsEAxjxY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahIpSkCLosiOBKKtgHtLFMppN26OTBzEQJsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z40acSWVZ30ZhZXVtfaO4Wdra3tndM8v7bRnGgtAWCXkoui6WlLOAthRTnHYjQbHvctpxJ5eZ33mgQrIwuFNJRB0fjwLmMYKVlgZm+RT1fazGrpteTavJff1kYFasmjUDWiZ2TiqQozkwv/rDkMQ+DRThWMqebUXKSbFQjHA6LfVjSSNMJnhEe5oG2KfSSWfRp+hYK0PkhUK/QKGZ+nsjxb6Uie/qySymXPQy8T+vFyvvwklZEMWKBmR+yIs5UiHKekBDJihRPNEEE8F0VkTGWGCidFslXYK9+OVl0q7XbKtm355VGjd5HUU4hCOogg3n0IBraEILCDzCM7zCm/FkvBjvxsd8tGDkOwfwB8bnD8INkw0=</latexit><latexit sha1_base64="/xsjhpS8M3Y056PvYWEKsEAxjxY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahIpSkCLosiOBKKtgHtLFMppN26OTBzEQJsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z40acSWVZ30ZhZXVtfaO4Wdra3tndM8v7bRnGgtAWCXkoui6WlLOAthRTnHYjQbHvctpxJ5eZ33mgQrIwuFNJRB0fjwLmMYKVlgZm+RT1fazGrpteTavJff1kYFasmjUDWiZ2TiqQozkwv/rDkMQ+DRThWMqebUXKSbFQjHA6LfVjSSNMJnhEe5oG2KfSSWfRp+hYK0PkhUK/QKGZ+nsjxb6Uie/qySymXPQy8T+vFyvvwklZEMWKBmR+yIs5UiHKekBDJihRPNEEE8F0VkTGWGCidFslXYK9+OVl0q7XbKtm355VGjd5HUU4hCOogg3n0IBraEILCDzCM7zCm/FkvBjvxsd8tGDkOwfwB8bnD8INkw0=</latexit><latexit sha1_base64="/xsjhpS8M3Y056PvYWEKsEAxjxY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahIpSkCLosiOBKKtgHtLFMppN26OTBzEQJsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z40acSWVZ30ZhZXVtfaO4Wdra3tndM8v7bRnGgtAWCXkoui6WlLOAthRTnHYjQbHvctpxJ5eZ33mgQrIwuFNJRB0fjwLmMYKVlgZm+RT1fazGrpteTavJff1kYFasmjUDWiZ2TiqQozkwv/rDkMQ+DRThWMqebUXKSbFQjHA6LfVjSSNMJnhEe5oG2KfSSWfRp+hYK0PkhUK/QKGZ+nsjxb6Uie/qySymXPQy8T+vFyvvwklZEMWKBmR+yIs5UiHKekBDJihRPNEEE8F0VkTGWGCidFslXYK9+OVl0q7XbKtm355VGjd5HUU4hCOogg3n0IBraEILCDzCM7zCm/FkvBjvxsd8tGDkOwfwB8bnD8INkw0=</latexit><latexit sha1_base64="/xsjhpS8M3Y056PvYWEKsEAxjxY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahIpSkCLosiOBKKtgHtLFMppN26OTBzEQJsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z40acSWVZ30ZhZXVtfaO4Wdra3tndM8v7bRnGgtAWCXkoui6WlLOAthRTnHYjQbHvctpxJ5eZ33mgQrIwuFNJRB0fjwLmMYKVlgZm+RT1fazGrpteTavJff1kYFasmjUDWiZ2TiqQozkwv/rDkMQ+DRThWMqebUXKSbFQjHA6LfVjSSNMJnhEe5oG2KfSSWfRp+hYK0PkhUK/QKGZ+nsjxb6Uie/qySymXPQy8T+vFyvvwklZEMWKBmR+yIs5UiHKekBDJihRPNEEE8F0VkTGWGCidFslXYK9+OVl0q7XbKtm355VGjd5HUU4hCOogg3n0IBraEILCDzCM7zCm/FkvBjvxsd8tGDkOwfwB8bnD8INkw0=</latexit>

�2E [f⇤
✓ (~x;D) · y]

<latexit sha1_base64="jhELfiLmceGgCNdKSxpyFbmiFjM="></latexit><latexit sha1_base64="jhELfiLmceGgCNdKSxpyFbmiFjM="></latexit><latexit sha1_base64="jhELfiLmceGgCNdKSxpyFbmiFjM="></latexit><latexit sha1_base64="jhELfiLmceGgCNdKSxpyFbmiFjM="></latexit>

=
⇣
Var(f⇤

✓ (~x;D)) + E [f⇤
✓ (~x;D)]2

⌘

<latexit sha1_base64="uW+HQ8phiQ+v0xh5E0gPf4TjXkw="></latexit><latexit sha1_base64="uW+HQ8phiQ+v0xh5E0gPf4TjXkw="></latexit><latexit sha1_base64="uW+HQ8phiQ+v0xh5E0gPf4TjXkw="></latexit><latexit sha1_base64="uW+HQ8phiQ+v0xh5E0gPf4TjXkw="></latexit>

+
⇣
Var(Y ) + E [y]2

⌘

<latexit sha1_base64="Cvvqq9gie9Q/IA3WnjhhenSvw8o=">AAACKHicbVDLSsNAFJ34rPFVdelmsAgVoSQi6E5BBFdSwValiWUyvWmHTh7M3Igl9HPc+CtuRBRx65c4bbPwdWDgcM65zL0nSKXQ6Dgf1tT0zOzcfGnBXlxaXlktr603dZIpDg2eyERdB0yDFDE0UKCE61QBiwIJV0H/ZORf3YHSIokvcZCCH7FuLELBGRqpXT7apZ6EEKvU9hDuMW8yNaze7FCjRwx7QZCfDieRFh3YnhLdHvq3ewXbaZcrTs0Zg/4lbkEqpEC9XX7xOgnPIoiRS6Z1y3VS9HOmUHAJQ9vLNKSM91kXWobGLALt5+NDh3TbKB0aJsq8GOlY/T6Rs0jrQRSY5Gh5/dsbif95rQzDQz8XcZohxHzyUZhJigkdtUY7QgFHOTCEcSXMrpT3mGIcTbe2KcH9ffJf0tyruU7NvdivHJ8XdZTIJtkiVeKSA3JMzkidNAgnD+SJvJI369F6tt6tj0l0yipmNsgPWJ9fYvakaA==</latexit><latexit sha1_base64="Cvvqq9gie9Q/IA3WnjhhenSvw8o=">AAACKHicbVDLSsNAFJ34rPFVdelmsAgVoSQi6E5BBFdSwValiWUyvWmHTh7M3Igl9HPc+CtuRBRx65c4bbPwdWDgcM65zL0nSKXQ6Dgf1tT0zOzcfGnBXlxaXlktr603dZIpDg2eyERdB0yDFDE0UKCE61QBiwIJV0H/ZORf3YHSIokvcZCCH7FuLELBGRqpXT7apZ6EEKvU9hDuMW8yNaze7FCjRwx7QZCfDieRFh3YnhLdHvq3ewXbaZcrTs0Zg/4lbkEqpEC9XX7xOgnPIoiRS6Z1y3VS9HOmUHAJQ9vLNKSM91kXWobGLALt5+NDh3TbKB0aJsq8GOlY/T6Rs0jrQRSY5Gh5/dsbif95rQzDQz8XcZohxHzyUZhJigkdtUY7QgFHOTCEcSXMrpT3mGIcTbe2KcH9ffJf0tyruU7NvdivHJ8XdZTIJtkiVeKSA3JMzkidNAgnD+SJvJI369F6tt6tj0l0yipmNsgPWJ9fYvakaA==</latexit><latexit sha1_base64="Cvvqq9gie9Q/IA3WnjhhenSvw8o=">AAACKHicbVDLSsNAFJ34rPFVdelmsAgVoSQi6E5BBFdSwValiWUyvWmHTh7M3Igl9HPc+CtuRBRx65c4bbPwdWDgcM65zL0nSKXQ6Dgf1tT0zOzcfGnBXlxaXlktr603dZIpDg2eyERdB0yDFDE0UKCE61QBiwIJV0H/ZORf3YHSIokvcZCCH7FuLELBGRqpXT7apZ6EEKvU9hDuMW8yNaze7FCjRwx7QZCfDieRFh3YnhLdHvq3ewXbaZcrTs0Zg/4lbkEqpEC9XX7xOgnPIoiRS6Z1y3VS9HOmUHAJQ9vLNKSM91kXWobGLALt5+NDh3TbKB0aJsq8GOlY/T6Rs0jrQRSY5Gh5/dsbif95rQzDQz8XcZohxHzyUZhJigkdtUY7QgFHOTCEcSXMrpT3mGIcTbe2KcH9ffJf0tyruU7NvdivHJ8XdZTIJtkiVeKSA3JMzkidNAgnD+SJvJI369F6tt6tj0l0yipmNsgPWJ9fYvakaA==</latexit><latexit sha1_base64="Cvvqq9gie9Q/IA3WnjhhenSvw8o=">AAACKHicbVDLSsNAFJ34rPFVdelmsAgVoSQi6E5BBFdSwValiWUyvWmHTh7M3Igl9HPc+CtuRBRx65c4bbPwdWDgcM65zL0nSKXQ6Dgf1tT0zOzcfGnBXlxaXlktr603dZIpDg2eyERdB0yDFDE0UKCE61QBiwIJV0H/ZORf3YHSIokvcZCCH7FuLELBGRqpXT7apZ6EEKvU9hDuMW8yNaze7FCjRwx7QZCfDieRFh3YnhLdHvq3ewXbaZcrTs0Zg/4lbkEqpEC9XX7xOgnPIoiRS6Z1y3VS9HOmUHAJQ9vLNKSM91kXWobGLALt5+NDh3TbKB0aJsq8GOlY/T6Rs0jrQRSY5Gh5/dsbif95rQzDQz8XcZohxHzyUZhJigkdtUY7QgFHOTCEcSXMrpT3mGIcTbe2KcH9ffJf0tyruU7NvdivHJ8XdZTIJtkiVeKSA3JMzkidNAgnD+SJvJI369F6tt6tj0l0yipmNsgPWJ9fYvakaA==</latexit>

�2E [f⇤
✓ (~x;D)] · E [y]

<latexit sha1_base64="MskFNg60HAAc0Qo15of8tD23kw8="></latexit><latexit sha1_base64="MskFNg60HAAc0Qo15of8tD23kw8="></latexit><latexit sha1_base64="MskFNg60HAAc0Qo15of8tD23kw8="></latexit><latexit sha1_base64="MskFNg60HAAc0Qo15of8tD23kw8="></latexit>

=
⇣
E [f⇤

✓ (~x;D)]2 � 2E [f⇤
✓ (~x;D)] · E [y] + E [y]2

⌘

<latexit sha1_base64="xPGIY02yYAiONakmnPt+GZLx+Bo="></latexit><latexit sha1_base64="xPGIY02yYAiONakmnPt+GZLx+Bo="></latexit><latexit sha1_base64="xPGIY02yYAiONakmnPt+GZLx+Bo="></latexit><latexit sha1_base64="xPGIY02yYAiONakmnPt+GZLx+Bo="></latexit>

= (E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

= E
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit><latexit sha1_base64="XfS159fuyozESi/xX1zkDnjJD7E="></latexit>



Bias-variance tradeoff
✏(~x; f)

<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= E~x,y,D
⇥
(f⇤

✓ (~x;D)� y)2
⇤

<latexit sha1_base64="D3uz/LJBJbEG/b4z5x7i7kuL7oM="></latexit><latexit sha1_base64="D3uz/LJBJbEG/b4z5x7i7kuL7oM="></latexit><latexit sha1_base64="D3uz/LJBJbEG/b4z5x7i7kuL7oM="></latexit><latexit sha1_base64="D3uz/LJBJbEG/b4z5x7i7kuL7oM="></latexit>

= (E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

bias^2 Variance Irreducible 
error



Bias-variance cheat sheet
✏(~x; f)

<latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit><latexit sha1_base64="8tPEuE4fZpcy3LAP1y/PTPuwghM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIoOCm4MaVVLAPaEKZTG/aoZNJmJkUayj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxamkUKcxj2UrIAo4E1DXTHNoJRJIFHBoBoPrid8cglQsFvd6lIAfkZ5gIaNEG6ljH3qQKMZjUfaGQLOH8RUOTzt2yak4U+BF4uakhHLUOvaX141pGoHQlBOl2q6TaD8jUjPKYVz0UgUJoQPSg7ahgkSg/Gx6/RifGKWLw1iaEhpP1d8TGYmUGkWB6YyI7qt5byL+57VTHV76GRNJqkHQ2aIw5VjHeBIF7jIJVPORIYRKZm7FtE8kodoEVjQhuPMvL5LGWcV1Ku7deal6m8dRQEfoGJWRiy5QFd2gGqojih7RM3pFb9aT9WK9Wx+z1iUrnzlAf2B9/gD/YZTx</latexit>

= (E [f⇤
✓ (~x;D)]� E [y])2

<latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit><latexit sha1_base64="HOM9ko+b1z1nb+FFNKk31sNOypQ="></latexit>

+Var(f⇤
✓ (~x;D)) + Var(z)

<latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit><latexit sha1_base64="iPV8r3q9J/RbbnB2jez1UTiGf34="></latexit>

Bi
as

Variance

Low

High

Low High

Overfitting 

Val err >> train errNice job!

Underfitting 

High train err

Uh oh… 

Address underfitting 
first



How to trade off between bias and variance?

Data

Category Bias VarianceIntervention

• Add data

Features

• Add good features


• Add bad features


• Remove features

Regularization
• Increase regularization


• Decrease regularization



Outline for today

• Bias-variance decomposition


• Review of multivariate gaussians



Breaking down the iid assumptions

yi = f(~xi) + zi
<latexit sha1_base64="Hi5+fLvqPPSPkNbJVl+FxBnMHAo=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSiKAboeDGlVSwD2hDmEwn7dDJg5lJMYa68VfcuFDErX/hzr9x2mah1QMXDufcy733eDFnUlnWl1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8uJ3xpRIVkU3qo0pk6A+yHzGcFKS665l7oMXSC/0h1Rkt2NXXaEjtG9y1yzbFWtKdBfYuekDDnqrvnZ7UUkCWioCMdSdmwrVk6GhWKE03Gpm0gaYzLEfdrRNMQBlU42/WCMDrXSQ34kdIUKTdWfExkOpEwDT3cGWA3kvDcR//M6ifLPnYyFcaJoSGaL/IQjFaFJHKjHBCWKp5pgIpi+FZEBFpgoHVpJh2DPv/yXNE+qtlW1b07Ltes8jiLswwFUwIYzqMEV1KEBBB7gCV7g1Xg0no03433WWjDymV34BePjG2nxlZs=</latexit><latexit sha1_base64="Hi5+fLvqPPSPkNbJVl+FxBnMHAo=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSiKAboeDGlVSwD2hDmEwn7dDJg5lJMYa68VfcuFDErX/hzr9x2mah1QMXDufcy733eDFnUlnWl1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8uJ3xpRIVkU3qo0pk6A+yHzGcFKS665l7oMXSC/0h1Rkt2NXXaEjtG9y1yzbFWtKdBfYuekDDnqrvnZ7UUkCWioCMdSdmwrVk6GhWKE03Gpm0gaYzLEfdrRNMQBlU42/WCMDrXSQ34kdIUKTdWfExkOpEwDT3cGWA3kvDcR//M6ifLPnYyFcaJoSGaL/IQjFaFJHKjHBCWKp5pgIpi+FZEBFpgoHVpJh2DPv/yXNE+qtlW1b07Ltes8jiLswwFUwIYzqMEV1KEBBB7gCV7g1Xg0no03433WWjDymV34BePjG2nxlZs=</latexit><latexit sha1_base64="Hi5+fLvqPPSPkNbJVl+FxBnMHAo=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSiKAboeDGlVSwD2hDmEwn7dDJg5lJMYa68VfcuFDErX/hzr9x2mah1QMXDufcy733eDFnUlnWl1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8uJ3xpRIVkU3qo0pk6A+yHzGcFKS665l7oMXSC/0h1Rkt2NXXaEjtG9y1yzbFWtKdBfYuekDDnqrvnZ7UUkCWioCMdSdmwrVk6GhWKE03Gpm0gaYzLEfdrRNMQBlU42/WCMDrXSQ34kdIUKTdWfExkOpEwDT3cGWA3kvDcR//M6ifLPnYyFcaJoSGaL/IQjFaFJHKjHBCWKp5pgIpi+FZEBFpgoHVpJh2DPv/yXNE+qtlW1b07Ltes8jiLswwFUwIYzqMEV1KEBBB7gCV7g1Xg0no03433WWjDymV34BePjG2nxlZs=</latexit><latexit sha1_base64="Hi5+fLvqPPSPkNbJVl+FxBnMHAo=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiVISSiKAboeDGlVSwD2hDmEwn7dDJg5lJMYa68VfcuFDErX/hzr9x2mah1QMXDufcy733eDFnUlnWl1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w8uJ3xpRIVkU3qo0pk6A+yHzGcFKS665l7oMXSC/0h1Rkt2NXXaEjtG9y1yzbFWtKdBfYuekDDnqrvnZ7UUkCWioCMdSdmwrVk6GhWKE03Gpm0gaYzLEfdrRNMQBlU42/WCMDrXSQ34kdIUKTdWfExkOpEwDT3cGWA3kvDcR//M6ifLPnYyFcaJoSGaL/IQjFaFJHKjHBCWKp5pgIpi+FZEBFpgoHVpJh2DPv/yXNE+qtlW1b07Ltes8jiLswwFUwIYzqMEV1KEBBB7gCV7g1Xg0no03433WWjDymV34BePjG2nxlZs=</latexit>

zi
iid⇠ N (0,�2)

<latexit sha1_base64="asJ0eGhXlzbsViBl2RMXHAseqHA=">AAACIXicbVDLSgMxFM3UV62vqks3wSIoSJkpgl0W3LgqCrYKnVoy6W0NTWaG5I5Yh/kVN/6KGxeKuBN/xvSx0NYDgcM555J7TxBLYdB1v5zcwuLS8kp+tbC2vrG5VdzeaZoo0RwaPJKRvgmYASlCaKBACTexBqYCCdfB4GzkX9+DNiIKr3AYQ1uxfih6gjO0UqdYfewI6htkfKBBpj7CA6ZCdLMs9Y1QGfUVwzvOZFrPDt1jGxV9xW4rR51iyS27Y9B54k1JiUxx0Sl++t2IJwpC5JIZ0/LcGNsp0yi4hKzgJwZiuwbrQ8vSkCkw7XR8YUYPrNKlvUjbFyIdq78nUqaMGarAJkf7mllvJP7ntRLsVdupCOMEIeSTj3qJpBjRUV20KzRwlENLGNfC7kr5HdOMoy21YEvwZk+eJ81K2XPL3uVJqVaf1pEne2SfHBKPnJIaOScXpEE4eSIv5I28O8/Oq/PhfE6iOWc6s0v+wPn+AXvEpEg=</latexit><latexit sha1_base64="asJ0eGhXlzbsViBl2RMXHAseqHA=">AAACIXicbVDLSgMxFM3UV62vqks3wSIoSJkpgl0W3LgqCrYKnVoy6W0NTWaG5I5Yh/kVN/6KGxeKuBN/xvSx0NYDgcM555J7TxBLYdB1v5zcwuLS8kp+tbC2vrG5VdzeaZoo0RwaPJKRvgmYASlCaKBACTexBqYCCdfB4GzkX9+DNiIKr3AYQ1uxfih6gjO0UqdYfewI6htkfKBBpj7CA6ZCdLMs9Y1QGfUVwzvOZFrPDt1jGxV9xW4rR51iyS27Y9B54k1JiUxx0Sl++t2IJwpC5JIZ0/LcGNsp0yi4hKzgJwZiuwbrQ8vSkCkw7XR8YUYPrNKlvUjbFyIdq78nUqaMGarAJkf7mllvJP7ntRLsVdupCOMEIeSTj3qJpBjRUV20KzRwlENLGNfC7kr5HdOMoy21YEvwZk+eJ81K2XPL3uVJqVaf1pEne2SfHBKPnJIaOScXpEE4eSIv5I28O8/Oq/PhfE6iOWc6s0v+wPn+AXvEpEg=</latexit><latexit sha1_base64="asJ0eGhXlzbsViBl2RMXHAseqHA=">AAACIXicbVDLSgMxFM3UV62vqks3wSIoSJkpgl0W3LgqCrYKnVoy6W0NTWaG5I5Yh/kVN/6KGxeKuBN/xvSx0NYDgcM555J7TxBLYdB1v5zcwuLS8kp+tbC2vrG5VdzeaZoo0RwaPJKRvgmYASlCaKBACTexBqYCCdfB4GzkX9+DNiIKr3AYQ1uxfih6gjO0UqdYfewI6htkfKBBpj7CA6ZCdLMs9Y1QGfUVwzvOZFrPDt1jGxV9xW4rR51iyS27Y9B54k1JiUxx0Sl++t2IJwpC5JIZ0/LcGNsp0yi4hKzgJwZiuwbrQ8vSkCkw7XR8YUYPrNKlvUjbFyIdq78nUqaMGarAJkf7mllvJP7ntRLsVdupCOMEIeSTj3qJpBjRUV20KzRwlENLGNfC7kr5HdOMoy21YEvwZk+eJ81K2XPL3uVJqVaf1pEne2SfHBKPnJIaOScXpEE4eSIv5I28O8/Oq/PhfE6iOWc6s0v+wPn+AXvEpEg=</latexit><latexit sha1_base64="asJ0eGhXlzbsViBl2RMXHAseqHA=">AAACIXicbVDLSgMxFM3UV62vqks3wSIoSJkpgl0W3LgqCrYKnVoy6W0NTWaG5I5Yh/kVN/6KGxeKuBN/xvSx0NYDgcM555J7TxBLYdB1v5zcwuLS8kp+tbC2vrG5VdzeaZoo0RwaPJKRvgmYASlCaKBACTexBqYCCdfB4GzkX9+DNiIKr3AYQ1uxfih6gjO0UqdYfewI6htkfKBBpj7CA6ZCdLMs9Y1QGfUVwzvOZFrPDt1jGxV9xW4rR51iyS27Y9B54k1JiUxx0Sl++t2IJwpC5JIZ0/LcGNsp0yi4hKzgJwZiuwbrQ8vSkCkw7XR8YUYPrNKlvUjbFyIdq78nUqaMGarAJkf7mllvJP7ntRLsVdupCOMEIeSTj3qJpBjRUV20KzRwlENLGNfC7kr5HdOMoy21YEvwZk+eJ81K2XPL3uVJqVaf1pEne2SfHBKPnJIaOScXpEE4eSIv5I28O8/Oq/PhfE6iOWc6s0v+wPn+AXvEpEg=</latexit>

Recall: 

Where does iid fail? 
• Time series


• “Sliding windows”


• Etc



Multivariate gaussian distribution
Definition 

A joint distribution over 
with the following pdf:  

{x1, · · · , xk}
<latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit>

p(x1, · · · , xk) =
<latexit sha1_base64="xWeXGtGrqtPc5GSj2tiEJtQ7K/w=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKpSSiKAboeDGlVSwD2hDmEwn7dDJJMzciCV046+4caGIWz/DnX/jtM1CWw9cOHPOvcy9J0gE1+A439bS8srq2npho7i5tb2za+/tN3WcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw+uJ33pgSvNY3sMoYV5E+pKHnBIwkm8fJmX86LsV3KW9GHTFPIan+Ar7dsmpOlPgReLmpIRy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudlPNEkKHpM86hkoSMe1l0wPG+MQoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeehmXSQpM0tlHYSowxHiSBu5xxSiIkSGEKm52xXRAFKFgMiuaENz5kxdJ86zqOlX37rxUu83jKKAjdIzKyEUXqIZuUB01EEVj9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Xw5RW</latexit><latexit sha1_base64="xWeXGtGrqtPc5GSj2tiEJtQ7K/w=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKpSSiKAboeDGlVSwD2hDmEwn7dDJJMzciCV046+4caGIWz/DnX/jtM1CWw9cOHPOvcy9J0gE1+A439bS8srq2npho7i5tb2za+/tN3WcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw+uJ33pgSvNY3sMoYV5E+pKHnBIwkm8fJmX86LsV3KW9GHTFPIan+Ar7dsmpOlPgReLmpIRy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudlPNEkKHpM86hkoSMe1l0wPG+MQoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeehmXSQpM0tlHYSowxHiSBu5xxSiIkSGEKm52xXRAFKFgMiuaENz5kxdJ86zqOlX37rxUu83jKKAjdIzKyEUXqIZuUB01EEVj9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Xw5RW</latexit><latexit sha1_base64="xWeXGtGrqtPc5GSj2tiEJtQ7K/w=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKpSSiKAboeDGlVSwD2hDmEwn7dDJJMzciCV046+4caGIWz/DnX/jtM1CWw9cOHPOvcy9J0gE1+A439bS8srq2npho7i5tb2za+/tN3WcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw+uJ33pgSvNY3sMoYV5E+pKHnBIwkm8fJmX86LsV3KW9GHTFPIan+Ar7dsmpOlPgReLmpIRy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudlPNEkKHpM86hkoSMe1l0wPG+MQoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeehmXSQpM0tlHYSowxHiSBu5xxSiIkSGEKm52xXRAFKFgMiuaENz5kxdJ86zqOlX37rxUu83jKKAjdIzKyEUXqIZuUB01EEVj9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Xw5RW</latexit><latexit sha1_base64="xWeXGtGrqtPc5GSj2tiEJtQ7K/w=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARKpSSiKAboeDGlVSwD2hDmEwn7dDJJMzciCV046+4caGIWz/DnX/jtM1CWw9cOHPOvcy9J0gE1+A439bS8srq2npho7i5tb2za+/tN3WcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw+uJ33pgSvNY3sMoYV5E+pKHnBIwkm8fJmX86LsV3KW9GHTFPIan+Ar7dsmpOlPgReLmpIRy1H37q9uLaRoxCVQQrTuuk4CXEQWcCjYudlPNEkKHpM86hkoSMe1l0wPG+MQoPRzGypQEPFV/T2Qk0noUBaYzIjDQ895E/M/rpBBeehmXSQpM0tlHYSowxHiSBu5xxSiIkSGEKm52xXRAFKFgMiuaENz5kxdJ86zqOlX37rxUu83jKKAjdIzKyEUXqIZuUB01EEVj9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9Xw5RW</latexit>



Multivariate gaussian distribution
Definition 

A joint distribution over 
with the following pdf:  

{x1, · · · , xk}
<latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit>

p(x1, · · · , xk) =
exp (·)
(·)

<latexit sha1_base64="jc+Sjvg7XYaWKfUIHO8zO8Cgv7o="></latexit><latexit sha1_base64="jc+Sjvg7XYaWKfUIHO8zO8Cgv7o="></latexit><latexit sha1_base64="jc+Sjvg7XYaWKfUIHO8zO8Cgv7o="></latexit><latexit sha1_base64="jc+Sjvg7XYaWKfUIHO8zO8Cgv7o="></latexit>



Multivariate gaussian distribution
Definition 

A joint distribution over 
with the following pdf:  

{x1, · · · , xk}
<latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit>

p(x1, · · · , xk) =
exp

�
� 1

2 (~x� ~µ)T⌃�1(~x.� ~µ)
�

(·)
<latexit sha1_base64="AAvHbwo85yMHShcaJJeJpDEJozo="></latexit><latexit sha1_base64="AAvHbwo85yMHShcaJJeJpDEJozo="></latexit><latexit sha1_base64="AAvHbwo85yMHShcaJJeJpDEJozo="></latexit><latexit sha1_base64="AAvHbwo85yMHShcaJJeJpDEJozo="></latexit>



Multivariate gaussian distribution
Definition 

A joint distribution over 
with the following pdf:  

{x1, · · · , xk}
<latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit><latexit sha1_base64="mFOvK+NIgEpHp9yhmJ9C9UHMkEs=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcONKKtgHNCFMJtN26CQTZm7EErvwV9y4UMStv+HOv3HaZqGtBy6cOede5t4TpoJrcJxva2l5ZXVtvbRR3tza3tm19/ZbWmaKsiaVQqpOSDQTPGFN4CBYJ1WMxKFg7XB4NfHb90xpLpM7GKXMj0k/4T1OCRgpsA+9HD8EbhV7NJKgq+YxxN44sCtOzZkCLxK3IBVUoBHYX14kaRazBKggWnddJwU/Jwo4FWxc9jLNUkKHpM+6hiYkZtrPp/uP8YlRItyTylQCeKr+nshJrPUoDk1nTGCg572J+J/XzaB36ec8STNgCZ191MsEBoknYeCIK0ZBjAwhVHGzK6YDoggFE1nZhODOn7xIWmc116m5t+eV+k0RRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mLUuWcXMAfoD6/MHDlaU3g==</latexit>

p(x1, · · · , xk) =
exp

�
� 1

2 (~x� ~µ)T⌃�1(~x.� ~µ)
�

p
(2⇡)k|⌃|

<latexit sha1_base64="iXjvo0nQCWa0nAcVvdESnImCHe4="></latexit><latexit sha1_base64="iXjvo0nQCWa0nAcVvdESnImCHe4="></latexit><latexit sha1_base64="iXjvo0nQCWa0nAcVvdESnImCHe4="></latexit><latexit sha1_base64="iXjvo0nQCWa0nAcVvdESnImCHe4="></latexit>



Equivalent definition
Definition 

Given ~u = (u1, · · · , uk), ui
iid⇠ N (0, 1)

<latexit sha1_base64="l2uaHWwPyjWH51TPU6VU1vXigBc="></latexit><latexit sha1_base64="l2uaHWwPyjWH51TPU6VU1vXigBc="></latexit><latexit sha1_base64="l2uaHWwPyjWH51TPU6VU1vXigBc="></latexit><latexit sha1_base64="l2uaHWwPyjWH51TPU6VU1vXigBc="></latexit>

is  M.V.G. iff

there’s a matrix R and vector mu 
such that

~z = (z1, · · · , zk)
<latexit sha1_base64="4j9O/N3a0ophXIdm1jwdDPQCBnY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahQimJCLoRCm5cSQX7gCaEyWTSDp1Mwsyk0IZu3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu99/gJo1JZ1rdRWFldW98obpa2tnd298z9g5aMU4FJE8csFh0fScIoJ01FFSOdRBAU+Yy0/cHN1G8PiZA05g9qlBA3Qj1OQ4qR0pJnHjtDgrPxBF7Dytizq9DBQaxkFY69wZlnlq2aNQNcJnZOyiBHwzO/nCDGaUS4wgxJ2bWtRLkZEopiRiYlJ5UkQXiAeqSrKUcRkW42+2ICT7USwDAWuriCM/X3RIYiKUeRrzsjpPpy0ZuK/3ndVIVXbkZ5kirC8XxRmDKoYjiNBAZUEKzYSBOEBdW3QtxHAmGlgyvpEOzFl5dJ67xmWzX7/qJcv8vjKIIjcAIqwAaXoA5uQQM0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz8QUJcI</latexit><latexit sha1_base64="4j9O/N3a0ophXIdm1jwdDPQCBnY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahQimJCLoRCm5cSQX7gCaEyWTSDp1Mwsyk0IZu3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu99/gJo1JZ1rdRWFldW98obpa2tnd298z9g5aMU4FJE8csFh0fScIoJ01FFSOdRBAU+Yy0/cHN1G8PiZA05g9qlBA3Qj1OQ4qR0pJnHjtDgrPxBF7Dytizq9DBQaxkFY69wZlnlq2aNQNcJnZOyiBHwzO/nCDGaUS4wgxJ2bWtRLkZEopiRiYlJ5UkQXiAeqSrKUcRkW42+2ICT7USwDAWuriCM/X3RIYiKUeRrzsjpPpy0ZuK/3ndVIVXbkZ5kirC8XxRmDKoYjiNBAZUEKzYSBOEBdW3QtxHAmGlgyvpEOzFl5dJ67xmWzX7/qJcv8vjKIIjcAIqwAaXoA5uQQM0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz8QUJcI</latexit><latexit sha1_base64="4j9O/N3a0ophXIdm1jwdDPQCBnY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahQimJCLoRCm5cSQX7gCaEyWTSDp1Mwsyk0IZu3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu99/gJo1JZ1rdRWFldW98obpa2tnd298z9g5aMU4FJE8csFh0fScIoJ01FFSOdRBAU+Yy0/cHN1G8PiZA05g9qlBA3Qj1OQ4qR0pJnHjtDgrPxBF7Dytizq9DBQaxkFY69wZlnlq2aNQNcJnZOyiBHwzO/nCDGaUS4wgxJ2bWtRLkZEopiRiYlJ5UkQXiAeqSrKUcRkW42+2ICT7USwDAWuriCM/X3RIYiKUeRrzsjpPpy0ZuK/3ndVIVXbkZ5kirC8XxRmDKoYjiNBAZUEKzYSBOEBdW3QtxHAmGlgyvpEOzFl5dJ67xmWzX7/qJcv8vjKIIjcAIqwAaXoA5uQQM0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz8QUJcI</latexit><latexit sha1_base64="4j9O/N3a0ophXIdm1jwdDPQCBnY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahQimJCLoRCm5cSQX7gCaEyWTSDp1Mwsyk0IZu3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu99/gJo1JZ1rdRWFldW98obpa2tnd298z9g5aMU4FJE8csFh0fScIoJ01FFSOdRBAU+Yy0/cHN1G8PiZA05g9qlBA3Qj1OQ4qR0pJnHjtDgrPxBF7Dytizq9DBQaxkFY69wZlnlq2aNQNcJnZOyiBHwzO/nCDGaUS4wgxJ2bWtRLkZEopiRiYlJ5UkQXiAeqSrKUcRkW42+2ICT7USwDAWuriCM/X3RIYiKUeRrzsjpPpy0ZuK/3ndVIVXbkZ5kirC8XxRmDKoYjiNBAZUEKzYSBOEBdW3QtxHAmGlgyvpEOzFl5dJ67xmWzX7/qJcv8vjKIIjcAIqwAaXoA5uQQM0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz8QUJcI</latexit>

~z = R~u+ µ
<latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit>



Equivalent definition intuition

~z = R~u+ µ
<latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0Fwtrg5OY2BEC9KVIo+IKsZpczk=">AAAB93icbZDNSgMxFIXv+Ftr1dGduAkWQRDKjBvdCIIbl1XsD7RDyaSZNjTJDEmmUIfBja/ixoUivok738Z02oW2Hgh8nJNwc0+YcKaN5307K6tr6xubpa3ydmVnd8/drzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkc307w1pkqzWD6YSUIDgQeSRYxgY62ee9gdU5I95ugK3aOC0xydoa5Ie27Vq3mF0DL4c6jCXPWe+9XtxyQVVBrCsdYd30tMkGFlGOE0L3dTTRNMRnhAOxYlFlQHWbFCjk6s00dRrOyRBhXu7xcZFlpPRGhvCmyGejGbmv9lndREl0HGZJIaKslsUJRyZGI07QP1maLE8IkFTBSzf0VkiBUmxrZWtiX4iysvQ/O85ns1/86DEhzBMZyCDxdwDbdQhwYQeIIXeIN359l5dT5mda04894O4I+czx85YZTj</latexit><latexit sha1_base64="0Fwtrg5OY2BEC9KVIo+IKsZpczk=">AAAB93icbZDNSgMxFIXv+Ftr1dGduAkWQRDKjBvdCIIbl1XsD7RDyaSZNjTJDEmmUIfBja/ixoUivok738Z02oW2Hgh8nJNwc0+YcKaN5307K6tr6xubpa3ydmVnd8/drzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkc307w1pkqzWD6YSUIDgQeSRYxgY62ee9gdU5I95ugK3aOC0xydoa5Ie27Vq3mF0DL4c6jCXPWe+9XtxyQVVBrCsdYd30tMkGFlGOE0L3dTTRNMRnhAOxYlFlQHWbFCjk6s00dRrOyRBhXu7xcZFlpPRGhvCmyGejGbmv9lndREl0HGZJIaKslsUJRyZGI07QP1maLE8IkFTBSzf0VkiBUmxrZWtiX4iysvQ/O85ns1/86DEhzBMZyCDxdwDbdQhwYQeIIXeIN359l5dT5mda04894O4I+czx85YZTj</latexit><latexit sha1_base64="9bR8WVblrnSXnwwxQwp8pqx+Rok=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwWQRBK4kY3QsGNK6liL9CEMplO2qEzkzAzKdQQ3Pgqblwo4tancOfbOE2z0NYfBj7+cw5nzh/EjCrtON9WaWl5ZXWtvF7Z2Nza3rF391oqSiQmTRyxSHYCpAijgjQ11Yx0YkkQDxhpB6Orab09JlLRSNzrSUx8jgaChhQjbayefeCNCU4fMngJ72DOSQZPoceTnl11ak4uuAhuAVVQqNGzv7x+hBNOhMYMKdV1nVj7KZKaYkayipcoEiM8QgPSNSgQJ8pP8xMyeGycPgwjaZ7QMHd/T6SIKzXhgenkSA/VfG1q/lfrJjq88FMq4kQTgWeLwoRBHcFpHrBPJcGaTQwgLKn5K8RDJBHWJrWKCcGdP3kRWmc116m5t061flPEUQaH4AicABecgzq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0lq5jZB39kff4AslOWWA==</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit><latexit sha1_base64="PkppnRHUZw60XlR1GMNAtRodWg0=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiCEJJRNCNUHDjSqrYCzShTKaTduhMEuZSqCG48VXcuFDErU/hzrdxmmahrT8MfPznHM6cP0gYlcpxvq2FxaXlldXSWnl9Y3Nr297ZbcpYC0waOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8m9daICEnj6F6NE+Jz1I9oSDFSxura+96I4PQhg5fwDuasM3gCPa67dsWpOrngPLgFVEChetf+8nox1pxECjMkZcd1EuWnSCiKGcnKnpYkQXiI+qRjMEKcSD/NT8jgkXF6MIyFeZGCuft7IkVcyjEPTCdHaiBnaxPzv1pHq/DCT2mUaEUiPF0UagZVDCd5wB4VBCs2NoCwoOavEA+QQFiZ1MomBHf25HlonlZdp+renlVqN0UcJXAADsExcME5qIFrUAcNgMEjeAav4M16sl6sd+tj2rpgFTN74I+szx+zk5Zc</latexit>

R~u
<latexit sha1_base64="27Nub8+3bRS08TrPB7NMxkYLVVk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYj+kDWWznbRLd5OwuymU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMbmZ+a4xK8zh6NJMEfUkHEQ85o8ZKTw+kO0aWpdNeueJW3TnIKvFyUoEc9V75q9uPWSoxMkxQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyMqUfvZ/OApObNKn4SxshUZMld/T2RUaj2Rge2U1Az1sjcT//M6qQmv/YxHSWowYotFYSqIicnse9LnCpkRE0soU9zeStiQKsqMzahkQ/CWX14lzYuq51a9+8tK7S6PowgncArn4MEV1OAW6tAABhKe4RXeHOW8OO/Ox6K14OQzx/AHzucPqxmQWQ==</latexit><latexit sha1_base64="27Nub8+3bRS08TrPB7NMxkYLVVk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYj+kDWWznbRLd5OwuymU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMbmZ+a4xK8zh6NJMEfUkHEQ85o8ZKTw+kO0aWpdNeueJW3TnIKvFyUoEc9V75q9uPWSoxMkxQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyMqUfvZ/OApObNKn4SxshUZMld/T2RUaj2Rge2U1Az1sjcT//M6qQmv/YxHSWowYotFYSqIicnse9LnCpkRE0soU9zeStiQKsqMzahkQ/CWX14lzYuq51a9+8tK7S6PowgncArn4MEV1OAW6tAABhKe4RXeHOW8OO/Ox6K14OQzx/AHzucPqxmQWQ==</latexit><latexit sha1_base64="27Nub8+3bRS08TrPB7NMxkYLVVk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYj+kDWWznbRLd5OwuymU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMbmZ+a4xK8zh6NJMEfUkHEQ85o8ZKTw+kO0aWpdNeueJW3TnIKvFyUoEc9V75q9uPWSoxMkxQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyMqUfvZ/OApObNKn4SxshUZMld/T2RUaj2Rge2U1Az1sjcT//M6qQmv/YxHSWowYotFYSqIicnse9LnCpkRE0soU9zeStiQKsqMzahkQ/CWX14lzYuq51a9+8tK7S6PowgncArn4MEV1OAW6tAABhKe4RXeHOW8OO/Ox6K14OQzx/AHzucPqxmQWQ==</latexit><latexit sha1_base64="27Nub8+3bRS08TrPB7NMxkYLVVk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYj+kDWWznbRLd5OwuymU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFDzChuFGYDtRSGUgsBWMbmZ+a4xK8zh6NJMEfUkHEQ85o8ZKTw+kO0aWpdNeueJW3TnIKvFyUoEc9V75q9uPWSoxMkxQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyMqUfvZ/OApObNKn4SxshUZMld/T2RUaj2Rge2U1Az1sjcT//M6qQmv/YxHSWowYotFYSqIicnse9LnCpkRE0soU9zeStiQKsqMzahkQ/CWX14lzYuq51a9+8tK7S6PowgncArn4MEV1OAW6tAABhKe4RXeHOW8OO/Ox6K14OQzx/AHzucPqxmQWQ==</latexit>

~u
<latexit sha1_base64="td0VmVWFBn33XghNVIOEUp0Kfa8=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBiyepYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhang2njet1Pa2Nza3invVvb2Dw6P3OOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O/PUGleSKfzDTFIKZDySPOqLFSuzdBlmezvlv1at4CZJ34BalCgUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVXqZxpSyMR1i11JJY9RBvjh3Ri6sMiBRomxJQxbq74mcxlpP49B2xtSM9Ko3F//zupmJboOcyzQzKNlyUZQJYhIy/50MuEJmxNQSyhS3txI2oooyYxOq2BD81ZfXSeuq5ns1//G6Wn8o4ijDGZzDJfhwA3W4hwY0gcEYnuEV3pzUeXHenY9la8kpZk7hD5zPH7Dwj9M=</latexit><latexit sha1_base64="td0VmVWFBn33XghNVIOEUp0Kfa8=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBiyepYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhang2njet1Pa2Nza3invVvb2Dw6P3OOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O/PUGleSKfzDTFIKZDySPOqLFSuzdBlmezvlv1at4CZJ34BalCgUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVXqZxpSyMR1i11JJY9RBvjh3Ri6sMiBRomxJQxbq74mcxlpP49B2xtSM9Ko3F//zupmJboOcyzQzKNlyUZQJYhIy/50MuEJmxNQSyhS3txI2oooyYxOq2BD81ZfXSeuq5ns1//G6Wn8o4ijDGZzDJfhwA3W4hwY0gcEYnuEV3pzUeXHenY9la8kpZk7hD5zPH7Dwj9M=</latexit><latexit sha1_base64="td0VmVWFBn33XghNVIOEUp0Kfa8=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBiyepYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhang2njet1Pa2Nza3invVvb2Dw6P3OOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O/PUGleSKfzDTFIKZDySPOqLFSuzdBlmezvlv1at4CZJ34BalCgUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVXqZxpSyMR1i11JJY9RBvjh3Ri6sMiBRomxJQxbq74mcxlpP49B2xtSM9Ko3F//zupmJboOcyzQzKNlyUZQJYhIy/50MuEJmxNQSyhS3txI2oooyYxOq2BD81ZfXSeuq5ns1//G6Wn8o4ijDGZzDJfhwA3W4hwY0gcEYnuEV3pzUeXHenY9la8kpZk7hD5zPH7Dwj9M=</latexit><latexit sha1_base64="td0VmVWFBn33XghNVIOEUp0Kfa8=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPBiyepYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhang2njet1Pa2Nza3invVvb2Dw6P3OOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O/PUGleSKfzDTFIKZDySPOqLFSuzdBlmezvlv1at4CZJ34BalCgUbf/eoNEpbFKA0TVOuu76UmyKkynAmcVXqZxpSyMR1i11JJY9RBvjh3Ri6sMiBRomxJQxbq74mcxlpP49B2xtSM9Ko3F//zupmJboOcyzQzKNlyUZQJYhIy/50MuEJmxNQSyhS3txI2oooyYxOq2BD81ZfXSeuq5ns1//G6Wn8o4ijDGZzDJfhwA3W4hwY0gcEYnuEV3pzUeXHenY9la8kpZk7hD5zPH7Dwj9M=</latexit>



Estimating MVG from data
Maximum likelihood estimate

µ̂MLE, ⌃̂MLE =
<latexit sha1_base64="a75A2+kjKEPCadSMmX1RSbU0WbY=">AAACHXicbVDLSgNBEJyNrxhfqx69DAbBg4RdCehFCIjgQSWieUA2hNnJJBkys7vM9Iph2R/x4q948aCIBy/i3zh5HExiQUNR1U13lx8JrsFxfqzMwuLS8kp2Nbe2vrG5ZW/vVHUYK8oqNBShqvtEM8EDVgEOgtUjxYj0Bav5/fOhX3tgSvMwuIdBxJqSdAPe4ZSAkVp20esRSDwZp63EA/YIyfXVRZoe4bF+x7uSTFv4DLfsvFNwRsDzxJ2QPJqg3LK/vHZIY8kCoIJo3XCdCJoJUcCpYGnOizWLCO2TLmsYGhDJdDMZfZfiA6O0cSdUpgLAI/XvREKk1gPpm05JoKdnvaH4n9eIoXPaTHgQxcACOl7UiQWGEA+jwm2uGAUxMIRQxc2tmPaIIhRMoDkTgjv78jypHhdcp+DeFvOlm0kcWbSH9tEhctEJKqFLVEYVRNETekFv6N16tl6tD+tz3JqxJjO7aArW9y+T16LR</latexit><latexit sha1_base64="a75A2+kjKEPCadSMmX1RSbU0WbY=">AAACHXicbVDLSgNBEJyNrxhfqx69DAbBg4RdCehFCIjgQSWieUA2hNnJJBkys7vM9Iph2R/x4q948aCIBy/i3zh5HExiQUNR1U13lx8JrsFxfqzMwuLS8kp2Nbe2vrG5ZW/vVHUYK8oqNBShqvtEM8EDVgEOgtUjxYj0Bav5/fOhX3tgSvMwuIdBxJqSdAPe4ZSAkVp20esRSDwZp63EA/YIyfXVRZoe4bF+x7uSTFv4DLfsvFNwRsDzxJ2QPJqg3LK/vHZIY8kCoIJo3XCdCJoJUcCpYGnOizWLCO2TLmsYGhDJdDMZfZfiA6O0cSdUpgLAI/XvREKk1gPpm05JoKdnvaH4n9eIoXPaTHgQxcACOl7UiQWGEA+jwm2uGAUxMIRQxc2tmPaIIhRMoDkTgjv78jypHhdcp+DeFvOlm0kcWbSH9tEhctEJKqFLVEYVRNETekFv6N16tl6tD+tz3JqxJjO7aArW9y+T16LR</latexit><latexit sha1_base64="a75A2+kjKEPCadSMmX1RSbU0WbY=">AAACHXicbVDLSgNBEJyNrxhfqx69DAbBg4RdCehFCIjgQSWieUA2hNnJJBkys7vM9Iph2R/x4q948aCIBy/i3zh5HExiQUNR1U13lx8JrsFxfqzMwuLS8kp2Nbe2vrG5ZW/vVHUYK8oqNBShqvtEM8EDVgEOgtUjxYj0Bav5/fOhX3tgSvMwuIdBxJqSdAPe4ZSAkVp20esRSDwZp63EA/YIyfXVRZoe4bF+x7uSTFv4DLfsvFNwRsDzxJ2QPJqg3LK/vHZIY8kCoIJo3XCdCJoJUcCpYGnOizWLCO2TLmsYGhDJdDMZfZfiA6O0cSdUpgLAI/XvREKk1gPpm05JoKdnvaH4n9eIoXPaTHgQxcACOl7UiQWGEA+jwm2uGAUxMIRQxc2tmPaIIhRMoDkTgjv78jypHhdcp+DeFvOlm0kcWbSH9tEhctEJKqFLVEYVRNETekFv6N16tl6tD+tz3JqxJjO7aArW9y+T16LR</latexit><latexit sha1_base64="a75A2+kjKEPCadSMmX1RSbU0WbY=">AAACHXicbVDLSgNBEJyNrxhfqx69DAbBg4RdCehFCIjgQSWieUA2hNnJJBkys7vM9Iph2R/x4q948aCIBy/i3zh5HExiQUNR1U13lx8JrsFxfqzMwuLS8kp2Nbe2vrG5ZW/vVHUYK8oqNBShqvtEM8EDVgEOgtUjxYj0Bav5/fOhX3tgSvMwuIdBxJqSdAPe4ZSAkVp20esRSDwZp63EA/YIyfXVRZoe4bF+x7uSTFv4DLfsvFNwRsDzxJ2QPJqg3LK/vHZIY8kCoIJo3XCdCJoJUcCpYGnOizWLCO2TLmsYGhDJdDMZfZfiA6O0cSdUpgLAI/XvREKk1gPpm05JoKdnvaH4n9eIoXPaTHgQxcACOl7UiQWGEA+jwm2uGAUxMIRQxc2tmPaIIhRMoDkTgjv78jypHhdcp+DeFvOlm0kcWbSH9tEhctEJKqFLVEYVRNETekFv6N16tl6tD+tz3JqxJjO7aArW9y+T16LR</latexit>

argmax
µ,⌃

<latexit sha1_base64="lnZ1aDmFS/4HS3/m17+89G3SV/4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksggcpiQh6LHjxJBXtBzQhTLbbduluEnY3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8MOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE4KinEW0qZnmtJNICiLktB2OriZ++4FKxeLoXo8T6gsYRKzPCGgjBfaBB3KAPQGPQeaJ9BR7d2wgIA/sqlNzpsCLxC1IFRVoBPaX14tJKmikCQeluq6TaD8DqRnhNK94qaIJkBEMaNfQCARVfjZ9IMfHRunhfixNRRpP1d8TGQilxiI0nQL0UM17E/E/r5vq/qWfsShJNY3IbFE/5VjHeJIG7jFJieZjQ4BIZm7FZAgSiDaZVUwI7vzLi6R1VnOdmnt7Xq3fFHGU0SE6QifIRReojq5RAzURQTl6Rq/ozXqyXqx362PWWrKKmX30B9bnDyL5liM=</latexit><latexit sha1_base64="lnZ1aDmFS/4HS3/m17+89G3SV/4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksggcpiQh6LHjxJBXtBzQhTLbbduluEnY3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8MOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE4KinEW0qZnmtJNICiLktB2OriZ++4FKxeLoXo8T6gsYRKzPCGgjBfaBB3KAPQGPQeaJ9BR7d2wgIA/sqlNzpsCLxC1IFRVoBPaX14tJKmikCQeluq6TaD8DqRnhNK94qaIJkBEMaNfQCARVfjZ9IMfHRunhfixNRRpP1d8TGQilxiI0nQL0UM17E/E/r5vq/qWfsShJNY3IbFE/5VjHeJIG7jFJieZjQ4BIZm7FZAgSiDaZVUwI7vzLi6R1VnOdmnt7Xq3fFHGU0SE6QifIRReojq5RAzURQTl6Rq/ozXqyXqx362PWWrKKmX30B9bnDyL5liM=</latexit><latexit sha1_base64="lnZ1aDmFS/4HS3/m17+89G3SV/4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksggcpiQh6LHjxJBXtBzQhTLbbduluEnY3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8MOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE4KinEW0qZnmtJNICiLktB2OriZ++4FKxeLoXo8T6gsYRKzPCGgjBfaBB3KAPQGPQeaJ9BR7d2wgIA/sqlNzpsCLxC1IFRVoBPaX14tJKmikCQeluq6TaD8DqRnhNK94qaIJkBEMaNfQCARVfjZ9IMfHRunhfixNRRpP1d8TGQilxiI0nQL0UM17E/E/r5vq/qWfsShJNY3IbFE/5VjHeJIG7jFJieZjQ4BIZm7FZAgSiDaZVUwI7vzLi6R1VnOdmnt7Xq3fFHGU0SE6QifIRReojq5RAzURQTl6Rq/ozXqyXqx362PWWrKKmX30B9bnDyL5liM=</latexit><latexit sha1_base64="lnZ1aDmFS/4HS3/m17+89G3SV/4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksggcpiQh6LHjxJBXtBzQhTLbbduluEnY3Ygm5+Fe8eFDEqz/Dm//GbZuDtj4YeLw3w8y8MOFMacf5tkpLyyura+X1ysbm1vaOvbvXUnEqCW2SmMeyE4KinEW0qZnmtJNICiLktB2OriZ++4FKxeLoXo8T6gsYRKzPCGgjBfaBB3KAPQGPQeaJ9BR7d2wgIA/sqlNzpsCLxC1IFRVoBPaX14tJKmikCQeluq6TaD8DqRnhNK94qaIJkBEMaNfQCARVfjZ9IMfHRunhfixNRRpP1d8TGQilxiI0nQL0UM17E/E/r5vq/qWfsShJNY3IbFE/5VjHeJIG7jFJieZjQ4BIZm7FZAgSiDaZVUwI7vzLi6R1VnOdmnt7Xq3fFHGU0SE6QifIRReojq5RAzURQTl6Rq/ozXqyXqx362PWWrKKmX30B9bnDyL5liM=</latexit>

p(D;µ,⌃)
<latexit sha1_base64="VClZXRXVQF0ZrDknGVF/sawcahU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigoKbgi5cSUX7gCaUyXTSDp2ZhJmJUEIXbvwVNy4UcetHuPNvnLRZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO/buXktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSZ+e0HIhWNxL0ex8TnaCBoSDHSRurZ5bjqcaSHGLH0anIBPZ4cQ++ODjg66tkVp+ZMAReJm5MKyNHo2V9eP8IJJ0JjhpTquk6s/RRJTTEjk5KXKBIjPEID0jVUIE6Un06fmMBDo/RhGElTQsOp+nsiRVypMQ9MZ3awmvcy8T+vm+jw3E+piBNNBJ4tChMGdQSzRGCfSoI1GxuCsKTmVoiHSCKsTW4lE4I7//IiaZ3UXKfm3p5W6jd5HEVQBgegClxwBurgGjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkDK3SXKg==</latexit><latexit sha1_base64="VClZXRXVQF0ZrDknGVF/sawcahU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigoKbgi5cSUX7gCaUyXTSDp2ZhJmJUEIXbvwVNy4UcetHuPNvnLRZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO/buXktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSZ+e0HIhWNxL0ex8TnaCBoSDHSRurZ5bjqcaSHGLH0anIBPZ4cQ++ODjg66tkVp+ZMAReJm5MKyNHo2V9eP8IJJ0JjhpTquk6s/RRJTTEjk5KXKBIjPEID0jVUIE6Un06fmMBDo/RhGElTQsOp+nsiRVypMQ9MZ3awmvcy8T+vm+jw3E+piBNNBJ4tChMGdQSzRGCfSoI1GxuCsKTmVoiHSCKsTW4lE4I7//IiaZ3UXKfm3p5W6jd5HEVQBgegClxwBurgGjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkDK3SXKg==</latexit><latexit sha1_base64="VClZXRXVQF0ZrDknGVF/sawcahU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigoKbgi5cSUX7gCaUyXTSDp2ZhJmJUEIXbvwVNy4UcetHuPNvnLRZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO/buXktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSZ+e0HIhWNxL0ex8TnaCBoSDHSRurZ5bjqcaSHGLH0anIBPZ4cQ++ODjg66tkVp+ZMAReJm5MKyNHo2V9eP8IJJ0JjhpTquk6s/RRJTTEjk5KXKBIjPEID0jVUIE6Un06fmMBDo/RhGElTQsOp+nsiRVypMQ9MZ3awmvcy8T+vm+jw3E+piBNNBJ4tChMGdQSzRGCfSoI1GxuCsKTmVoiHSCKsTW4lE4I7//IiaZ3UXKfm3p5W6jd5HEVQBgegClxwBurgGjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkDK3SXKg==</latexit><latexit sha1_base64="VClZXRXVQF0ZrDknGVF/sawcahU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigoKbgi5cSUX7gCaUyXTSDp2ZhJmJUEIXbvwVNy4UcetHuPNvnLRZaOuBC4dz7uXee4KYUaUd59sqLC2vrK4V10sbm1vbO/buXktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSZ+e0HIhWNxL0ex8TnaCBoSDHSRurZ5bjqcaSHGLH0anIBPZ4cQ++ODjg66tkVp+ZMAReJm5MKyNHo2V9eP8IJJ0JjhpTquk6s/RRJTTEjk5KXKBIjPEID0jVUIE6Un06fmMBDo/RhGElTQsOp+nsiRVypMQ9MZ3awmvcy8T+vm+jw3E+piBNNBJ4tChMGdQSzRGCfSoI1GxuCsKTmVoiHSCKsTW4lE4I7//IiaZ3UXKfm3p5W6jd5HEVQBgegClxwBurgGjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkDK3SXKg==</latexit>

= argmax
µ,⌃

nX

i=1
<latexit sha1_base64="seBzyXkmW96aZj6GUDsgLIkkQ3k=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQZtAwMZKIpoHZONydzJJhszMLjOzYljyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvCWPOtHHdbyezsLi0vJJdza2tb2xu5bd3ajpKFKFVEvFINULQlDNJq4YZThuxoiBCTuth/2Lk1++p0iySt2YQ05aArmQdRsBYKcgflrAPqot9AQ9B6ovkGPs3rCtgiH2diCBlJW94J3GQL7hFdww8T7wpKaApKkH+y29HJBFUGsJB66bnxqaVgjKMcDrM+YmmMZA+dGnTUgmC6lY6fmiID6zSxp1I2ZIGj9XfEykIrQcitJ0CTE/PeiPxP6+ZmM55K2UyTgyVZLKok3BsIjxKB7eZosTwgSVAFLO3YtIDBcTYDHM2BG/25XlSOyl6btG7Pi2Ur6ZxZNEe2kdHyENnqIwuUQVVEUGP6Bm9ojfnyXlx3p2PSWvGmc7soj9wPn8AHkmcCw==</latexit><latexit sha1_base64="seBzyXkmW96aZj6GUDsgLIkkQ3k=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQZtAwMZKIpoHZONydzJJhszMLjOzYljyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvCWPOtHHdbyezsLi0vJJdza2tb2xu5bd3ajpKFKFVEvFINULQlDNJq4YZThuxoiBCTuth/2Lk1++p0iySt2YQ05aArmQdRsBYKcgflrAPqot9AQ9B6ovkGPs3rCtgiH2diCBlJW94J3GQL7hFdww8T7wpKaApKkH+y29HJBFUGsJB66bnxqaVgjKMcDrM+YmmMZA+dGnTUgmC6lY6fmiID6zSxp1I2ZIGj9XfEykIrQcitJ0CTE/PeiPxP6+ZmM55K2UyTgyVZLKok3BsIjxKB7eZosTwgSVAFLO3YtIDBcTYDHM2BG/25XlSOyl6btG7Pi2Ur6ZxZNEe2kdHyENnqIwuUQVVEUGP6Bm9ojfnyXlx3p2PSWvGmc7soj9wPn8AHkmcCw==</latexit><latexit sha1_base64="seBzyXkmW96aZj6GUDsgLIkkQ3k=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQZtAwMZKIpoHZONydzJJhszMLjOzYljyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvCWPOtHHdbyezsLi0vJJdza2tb2xu5bd3ajpKFKFVEvFINULQlDNJq4YZThuxoiBCTuth/2Lk1++p0iySt2YQ05aArmQdRsBYKcgflrAPqot9AQ9B6ovkGPs3rCtgiH2diCBlJW94J3GQL7hFdww8T7wpKaApKkH+y29HJBFUGsJB66bnxqaVgjKMcDrM+YmmMZA+dGnTUgmC6lY6fmiID6zSxp1I2ZIGj9XfEykIrQcitJ0CTE/PeiPxP6+ZmM55K2UyTgyVZLKok3BsIjxKB7eZosTwgSVAFLO3YtIDBcTYDHM2BG/25XlSOyl6btG7Pi2Ur6ZxZNEe2kdHyENnqIwuUQVVEUGP6Bm9ojfnyXlx3p2PSWvGmc7soj9wPn8AHkmcCw==</latexit><latexit sha1_base64="seBzyXkmW96aZj6GUDsgLIkkQ3k=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBaSNgVQZtAwMZKIpoHZONydzJJhszMLjOzYljyCTb+io2FIraWdv6Nk0ehiQcuHM65l3vvCWPOtHHdbyezsLi0vJJdza2tb2xu5bd3ajpKFKFVEvFINULQlDNJq4YZThuxoiBCTuth/2Lk1++p0iySt2YQ05aArmQdRsBYKcgflrAPqot9AQ9B6ovkGPs3rCtgiH2diCBlJW94J3GQL7hFdww8T7wpKaApKkH+y29HJBFUGsJB66bnxqaVgjKMcDrM+YmmMZA+dGnTUgmC6lY6fmiID6zSxp1I2ZIGj9XfEykIrQcitJ0CTE/PeiPxP6+ZmM55K2UyTgyVZLKok3BsIjxKB7eZosTwgSVAFLO3YtIDBcTYDHM2BG/25XlSOyl6btG7Pi2Ur6ZxZNEe2kdHyENnqIwuUQVVEUGP6Bm9ojfnyXlx3p2PSWvGmc7soj9wPn8AHkmcCw==</latexit>

log p(xi;µ,⌃)
<latexit sha1_base64="/4/w7GySn55CR8FuiWrFQJc5oQE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRFBwU3DjSiraBzQhTKaTdOhMJsxMxBLqxl9x40IRt/6FO//G6WOhrQcuHM65l3vvCVNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TSUyiUkDCyZkO0SKMJqQhqaakXYqCeIhI62wfznyW/dEKiqSOz1Iic9RnNCIYqSNFNh7HhMxTCsPAb2AHs+OoXdLY46OArvsVJ0x4Dxxp6QMpqgH9pfXFTjjJNGYIaU6rpNqP0dSU8zIsORliqQI91FMOoYmiBPl5+MPhvDQKF0YCWkq0XCs/p7IEVdqwEPTyZHuqVlvJP7ndTIdnfs5TdJMkwRPFkUZg1rAURywSyXBmg0MQVhScyvEPSQR1ia0kgnBnX15njRPqq5TdW9Oy7XraRxFsA8OQAW44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFpLVjTmV3wB9bnD2bClZg=</latexit><latexit sha1_base64="/4/w7GySn55CR8FuiWrFQJc5oQE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRFBwU3DjSiraBzQhTKaTdOhMJsxMxBLqxl9x40IRt/6FO//G6WOhrQcuHM65l3vvCVNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TSUyiUkDCyZkO0SKMJqQhqaakXYqCeIhI62wfznyW/dEKiqSOz1Iic9RnNCIYqSNFNh7HhMxTCsPAb2AHs+OoXdLY46OArvsVJ0x4Dxxp6QMpqgH9pfXFTjjJNGYIaU6rpNqP0dSU8zIsORliqQI91FMOoYmiBPl5+MPhvDQKF0YCWkq0XCs/p7IEVdqwEPTyZHuqVlvJP7ndTIdnfs5TdJMkwRPFkUZg1rAURywSyXBmg0MQVhScyvEPSQR1ia0kgnBnX15njRPqq5TdW9Oy7XraRxFsA8OQAW44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFpLVjTmV3wB9bnD2bClZg=</latexit><latexit sha1_base64="/4/w7GySn55CR8FuiWrFQJc5oQE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRFBwU3DjSiraBzQhTKaTdOhMJsxMxBLqxl9x40IRt/6FO//G6WOhrQcuHM65l3vvCVNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TSUyiUkDCyZkO0SKMJqQhqaakXYqCeIhI62wfznyW/dEKiqSOz1Iic9RnNCIYqSNFNh7HhMxTCsPAb2AHs+OoXdLY46OArvsVJ0x4Dxxp6QMpqgH9pfXFTjjJNGYIaU6rpNqP0dSU8zIsORliqQI91FMOoYmiBPl5+MPhvDQKF0YCWkq0XCs/p7IEVdqwEPTyZHuqVlvJP7ndTIdnfs5TdJMkwRPFkUZg1rAURywSyXBmg0MQVhScyvEPSQR1ia0kgnBnX15njRPqq5TdW9Oy7XraRxFsA8OQAW44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFpLVjTmV3wB9bnD2bClZg=</latexit><latexit sha1_base64="/4/w7GySn55CR8FuiWrFQJc5oQE=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRFBwU3DjSiraBzQhTKaTdOhMJsxMxBLqxl9x40IRt/6FO//G6WOhrQcuHM65l3vvCVNGlXacb6uwsLi0vFJcLa2tb2xu2ds7TSUyiUkDCyZkO0SKMJqQhqaakXYqCeIhI62wfznyW/dEKiqSOz1Iic9RnNCIYqSNFNh7HhMxTCsPAb2AHs+OoXdLY46OArvsVJ0x4Dxxp6QMpqgH9pfXFTjjJNGYIaU6rpNqP0dSU8zIsORliqQI91FMOoYmiBPl5+MPhvDQKF0YCWkq0XCs/p7IEVdqwEPTyZHuqVlvJP7ndTIdnfs5TdJMkwRPFkUZg1rAURywSyXBmg0MQVhScyvEPSQR1ia0kgnBnX15njRPqq5TdW9Oy7XraRxFsA8OQAW44AzUwBWogwbA4BE8g1fwZj1ZL9a79TFpLVjTmV3wB9bnD2bClZg=</latexit>

= argmin
µ,⌃

<latexit sha1_base64="davfsapLNlbBWsyyn8IloIF4WQU=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBg4RdEfQiBLx4kojmAdll6Z1MNkNmZpeZWSEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7opQzbVz321lYXFpeWS2sFdc3Nre2Szu7DZ1kitA6SXiiWhFoypmkdcMMp61UURARp82ofzXymw9UaZbIezNIaSAglqzLCBgrhaX9S+yDirEvmAxzX2Qn2L9jsYBhWCq7FXcMPE+8KSmjKWph6cvvJCQTVBrCQeu256YmyEEZRjgdFv1M0xRIH2LatlSCoDrIxy8M8ZFVOribKFvS4LH6eyIHofVARLZTgOnpWW8k/ue1M9O9CHIm08xQSSaLuhnHJsGjPHCHKUoMH1gCRDF7KyY9UECMTa1oQ/BmX54njdOK51a827Ny9WYaRwEdoEN0jDx0jqroGtVQHRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucP/8mWkg==</latexit><latexit sha1_base64="davfsapLNlbBWsyyn8IloIF4WQU=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBg4RdEfQiBLx4kojmAdll6Z1MNkNmZpeZWSEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7opQzbVz321lYXFpeWS2sFdc3Nre2Szu7DZ1kitA6SXiiWhFoypmkdcMMp61UURARp82ofzXymw9UaZbIezNIaSAglqzLCBgrhaX9S+yDirEvmAxzX2Qn2L9jsYBhWCq7FXcMPE+8KSmjKWph6cvvJCQTVBrCQeu256YmyEEZRjgdFv1M0xRIH2LatlSCoDrIxy8M8ZFVOribKFvS4LH6eyIHofVARLZTgOnpWW8k/ue1M9O9CHIm08xQSSaLuhnHJsGjPHCHKUoMH1gCRDF7KyY9UECMTa1oQ/BmX54njdOK51a827Ny9WYaRwEdoEN0jDx0jqroGtVQHRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucP/8mWkg==</latexit><latexit sha1_base64="davfsapLNlbBWsyyn8IloIF4WQU=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBg4RdEfQiBLx4kojmAdll6Z1MNkNmZpeZWSEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7opQzbVz321lYXFpeWS2sFdc3Nre2Szu7DZ1kitA6SXiiWhFoypmkdcMMp61UURARp82ofzXymw9UaZbIezNIaSAglqzLCBgrhaX9S+yDirEvmAxzX2Qn2L9jsYBhWCq7FXcMPE+8KSmjKWph6cvvJCQTVBrCQeu256YmyEEZRjgdFv1M0xRIH2LatlSCoDrIxy8M8ZFVOribKFvS4LH6eyIHofVARLZTgOnpWW8k/ue1M9O9CHIm08xQSSaLuhnHJsGjPHCHKUoMH1gCRDF7KyY9UECMTa1oQ/BmX54njdOK51a827Ny9WYaRwEdoEN0jDx0jqroGtVQHRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucP/8mWkg==</latexit><latexit sha1_base64="davfsapLNlbBWsyyn8IloIF4WQU=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBg4RdEfQiBLx4kojmAdll6Z1MNkNmZpeZWSEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7opQzbVz321lYXFpeWS2sFdc3Nre2Szu7DZ1kitA6SXiiWhFoypmkdcMMp61UURARp82ofzXymw9UaZbIezNIaSAglqzLCBgrhaX9S+yDirEvmAxzX2Qn2L9jsYBhWCq7FXcMPE+8KSmjKWph6cvvJCQTVBrCQeu256YmyEEZRjgdFv1M0xRIH2LatlSCoDrIxy8M8ZFVOribKFvS4LH6eyIHofVARLZTgOnpWW8k/ue1M9O9CHIm08xQSSaLuhnHJsGjPHCHKUoMH1gCRDF7KyY9UECMTa1oQ/BmX54njdOK51a827Ny9WYaRwEdoEN0jDx0jqroGtVQHRH0iJ7RK3pznpwX5935mLQuONOZPfQHzucP/8mWkg==</latexit>

nX

i=1
<latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit>

1

2
(x� µ)T⌃�1(x� µ)

<latexit sha1_base64="YiezQ/RxGPnRgVTbMEaW/88w/oQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5akCLosuHElFfuCJi2T6aQdOpOEmYlYQr7Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HixiVyrJ+jNza+sbmVn67sLO7t39gHh61ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2Nr6d++4EIScOgoSYRcTkaBtSnGCkt9c2y4wuEEztNqiksPcIydHh83mtA554OOeolZXtB75tFq2LNAFeJnZEiyFDvm9/OIMQxJ4HCDEnZta1IuQkSimJG0oITSxIhPEZD0tU0QJxIN5m9lcIzrQygHwpdgYIzdXEiQVzKCfd0J0dqJJe9qfif142Vf+UmNIhiRQI8X+THDKoQTjOCAyoIVmyiCcKC6lshHiGdk9JJFnQI9vLLq6RVrdhWxb67KNZuszjy4AScghKwwSWogRtQB02AwRN4AW/g3Xg2Xo0P43PemjOymWPwB8bXL/oxnL8=</latexit><latexit sha1_base64="YiezQ/RxGPnRgVTbMEaW/88w/oQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5akCLosuHElFfuCJi2T6aQdOpOEmYlYQr7Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HixiVyrJ+jNza+sbmVn67sLO7t39gHh61ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2Nr6d++4EIScOgoSYRcTkaBtSnGCkt9c2y4wuEEztNqiksPcIydHh83mtA554OOeolZXtB75tFq2LNAFeJnZEiyFDvm9/OIMQxJ4HCDEnZta1IuQkSimJG0oITSxIhPEZD0tU0QJxIN5m9lcIzrQygHwpdgYIzdXEiQVzKCfd0J0dqJJe9qfif142Vf+UmNIhiRQI8X+THDKoQTjOCAyoIVmyiCcKC6lshHiGdk9JJFnQI9vLLq6RVrdhWxb67KNZuszjy4AScghKwwSWogRtQB02AwRN4AW/g3Xg2Xo0P43PemjOymWPwB8bXL/oxnL8=</latexit><latexit sha1_base64="YiezQ/RxGPnRgVTbMEaW/88w/oQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5akCLosuHElFfuCJi2T6aQdOpOEmYlYQr7Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HixiVyrJ+jNza+sbmVn67sLO7t39gHh61ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2Nr6d++4EIScOgoSYRcTkaBtSnGCkt9c2y4wuEEztNqiksPcIydHh83mtA554OOeolZXtB75tFq2LNAFeJnZEiyFDvm9/OIMQxJ4HCDEnZta1IuQkSimJG0oITSxIhPEZD0tU0QJxIN5m9lcIzrQygHwpdgYIzdXEiQVzKCfd0J0dqJJe9qfif142Vf+UmNIhiRQI8X+THDKoQTjOCAyoIVmyiCcKC6lshHiGdk9JJFnQI9vLLq6RVrdhWxb67KNZuszjy4AScghKwwSWogRtQB02AwRN4AW/g3Xg2Xo0P43PemjOymWPwB8bXL/oxnL8=</latexit><latexit sha1_base64="YiezQ/RxGPnRgVTbMEaW/88w/oQ=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5akCLosuHElFfuCJi2T6aQdOpOEmYlYQr7Cjb/ixoUibsWdf+O0zaK2HrhwOOde7r3HixiVyrJ+jNza+sbmVn67sLO7t39gHh61ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2Nr6d++4EIScOgoSYRcTkaBtSnGCkt9c2y4wuEEztNqiksPcIydHh83mtA554OOeolZXtB75tFq2LNAFeJnZEiyFDvm9/OIMQxJ4HCDEnZta1IuQkSimJG0oITSxIhPEZD0tU0QJxIN5m9lcIzrQygHwpdgYIzdXEiQVzKCfd0J0dqJJe9qfif142Vf+UmNIhiRQI8X+THDKoQTjOCAyoIVmyiCcKC6lshHiGdk9JJFnQI9vLLq6RVrdhWxb67KNZuszjy4AScghKwwSWogRtQB02AwRN4AW/g3Xg2Xo0P43PemjOymWPwB8bXL/oxnL8=</latexit>

�n

2
log |⌃|

<latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit>

+C
<latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit>



Estimating MVG from data
Maximum likelihood estimate 

nX

i=1
<latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit><latexit sha1_base64="HJzX+0CnvX0gZikvh0weAf7Lfs8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiSCOYByRpmJ7PJkHmsM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7ooQzY33/21tZXVvf2CxsFbd3dvf2SweHDaNSTWidKK50K8KGciZp3TLLaSvRFIuI02Y0vJn6zRHVhin5YMcJDQXuSxYzgq2Two5JRTdj18HkUaJuqexX/BnQMglyUoYctW7pq9NTJBVUWsKxMe3AT2yYYW0Z4XRS7KSGJpgMcZ+2HZVYUBNms6Mn6NQpPRQr7UpaNFN/T2RYGDMWkesU2A7MojcV//PaqY2vwozJJLVUkvmiOOXIKjRNAPWYpsTysSOYaOZuRWSANSbW5VR0IQSLLy+Txnkl8CvB/UW5epfHUYBjOIEzCOASqnALNagDgSd4hld480bei/fufcxbV7x85gj+wPv8AVJlkdM=</latexit>

�n

2
log |⌃|

<latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit><latexit sha1_base64="PmgRyDzovqFneZiMn45+XBj97vg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHcWJIi6LLgxpVUtA9oQplMJ+nQmUmYmQglzcKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPkDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyBFGBWkpalmpJtIgnjASCcYXU39zgORisbiXo8T4nMUCRpSjLSR+nblDHqhRDgTeVbPocfiCE68OxpxNOnbVafmzACXiVuQKijQ7Ntf3iDGKSdCY4aU6rlOov0MSU0xI3nZSxVJEB6hiPQMFYgT5WezJ3J4YpQBDGNpSmg4U39PZIgrNeaB6eRID9WiNxX/83qpDi/9jIok1UTg+aIwZVDHcJoIHFBJsGZjQxCW1NwK8RCZTLTJrWxCcBdfXibtes11au7tebVxU8RRAhVwDE6BCy5AA1yDJmgBDB7BM3gFb9aT9WK9Wx/z1hWrmDkCf2B9/gAIO5e9</latexit>

+C
<latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit><latexit sha1_base64="RKQ72mHQcViTvyrGAqORrxs981k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh4LvXiSivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwSha6eGC1Pvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5LWZdVzq979VaV2l8dRhBM4hXPw4BpqcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx9VfI0y</latexit>rµ

<latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit> (
<latexit sha1_base64="eC62Va6FxF8Csmk4dO8601qVTjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmtVBueLW3AXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7cua59a85lWlfp/HUYQzOIcqeHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPcJWMuA==</latexit><latexit sha1_base64="eC62Va6FxF8Csmk4dO8601qVTjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmtVBueLW3AXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7cua59a85lWlfp/HUYQzOIcqeHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPcJWMuA==</latexit><latexit sha1_base64="eC62Va6FxF8Csmk4dO8601qVTjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmtVBueLW3AXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7cua59a85lWlfp/HUYQzOIcqeHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPcJWMuA==</latexit><latexit sha1_base64="eC62Va6FxF8Csmk4dO8601qVTjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2VmtVBueLW3AXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7cua59a85lWlfp/HUYQzOIcqeHANdbiDBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPcJWMuA==</latexit>

)
<latexit sha1_base64="DfvPUysDatbIsXh7zNKGM7XWnu8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY8FL56kBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNS765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2n0eRxFO4BTOwYNrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AHIZjLk=</latexit><latexit sha1_base64="DfvPUysDatbIsXh7zNKGM7XWnu8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY8FL56kBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNS765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2n0eRxFO4BTOwYNrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AHIZjLk=</latexit><latexit sha1_base64="DfvPUysDatbIsXh7zNKGM7XWnu8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY8FL56kBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNS765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2n0eRxFO4BTOwYNrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AHIZjLk=</latexit><latexit sha1_base64="DfvPUysDatbIsXh7zNKGM7XWnu8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY8FL56kBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNS765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6rnlv1GleV2n0eRxFO4BTOwYNrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AHIZjLk=</latexit>

=
nX

i=1
<latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit>

rµ
<latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit><latexit sha1_base64="TqXQNFHcYjASffJN6BTIkYz9YmQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwcRAdgm9k0kyZHZ2mYcQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXnAmuje9/e6W19Y3NrfJ2ZWd3b/+genjU1qlVlLVoKlLViVEzwSVrGW4E62SKYRIL9hiPb2b+4xNTmqfywUwyFiU4lHzAKRonhaHEWGAvDxM77VVrft2fg6ySoCA1KNDsVb/CfkptwqShArXuBn5mohyV4VSwaSW0mmVIxzhkXUclJkxH+fzmKTlzSp8MUuVKGjJXf0/kmGg9SWLXmaAZ6WVvJv7nda0ZXEc5l5k1TNLFooEVxKRkFgDpc8WoERNHkCrubiV0hAqpcTFVXAjB8surpH1RD/x6cH9Za9wVcZThBE7hHAK4ggbcQhNaQCGDZ3iFN896L96797FoLXnFzDH8gff5A18Pke0=</latexit>

1

2
(xi � µ)T⌃�1(xi � µ)

<latexit sha1_base64="3rxa3u5jqnK2eknGL2s79XyCJhg=">AAACHHicbVDLSsNAFJ34rPUVdelmsAh10ZJUQZcFN66kYl/QpGEynbRDZ5IwMxFL6Ie48VfcuFDEjQvBv3HaZmFbD1w4nHMv997jx4xKZVk/xsrq2vrGZm4rv72zu7dvHhw2ZZQITBo4YpFo+0gSRkPSUFQx0o4FQdxnpOUPryd+64EISaOwrkYxcTnqhzSgGCkteeY5dAKBcGqP08oYFh89CkvQ4clZtw6de9rnqJuW7DkHembBKltTwGViZ6QAMtQ888vpRTjhJFSYISk7thUrN0VCUczIOO8kksQID1GfdDQNESfSTafPjeGpVnowiISuUMGp+nciRVzKEfd1J0dqIBe9ifif10lUcOWmNIwTRUI8WxQkDKoITpKCPSoIVmykCcKC6lshHiAdltJ55nUI9uLLy6RZKdtW2b67KFRvszhy4BicgCKwwSWoghtQAw2AwRN4AW/g3Xg2Xo0P43PWumJkM0dgDsb3L/L7nss=</latexit><latexit sha1_base64="3rxa3u5jqnK2eknGL2s79XyCJhg=">AAACHHicbVDLSsNAFJ34rPUVdelmsAh10ZJUQZcFN66kYl/QpGEynbRDZ5IwMxFL6Ie48VfcuFDEjQvBv3HaZmFbD1w4nHMv997jx4xKZVk/xsrq2vrGZm4rv72zu7dvHhw2ZZQITBo4YpFo+0gSRkPSUFQx0o4FQdxnpOUPryd+64EISaOwrkYxcTnqhzSgGCkteeY5dAKBcGqP08oYFh89CkvQ4clZtw6de9rnqJuW7DkHembBKltTwGViZ6QAMtQ888vpRTjhJFSYISk7thUrN0VCUczIOO8kksQID1GfdDQNESfSTafPjeGpVnowiISuUMGp+nciRVzKEfd1J0dqIBe9ifif10lUcOWmNIwTRUI8WxQkDKoITpKCPSoIVmykCcKC6lshHiAdltJ55nUI9uLLy6RZKdtW2b67KFRvszhy4BicgCKwwSWoghtQAw2AwRN4AW/g3Xg2Xo0P43PWumJkM0dgDsb3L/L7nss=</latexit><latexit sha1_base64="3rxa3u5jqnK2eknGL2s79XyCJhg=">AAACHHicbVDLSsNAFJ34rPUVdelmsAh10ZJUQZcFN66kYl/QpGEynbRDZ5IwMxFL6Ie48VfcuFDEjQvBv3HaZmFbD1w4nHMv997jx4xKZVk/xsrq2vrGZm4rv72zu7dvHhw2ZZQITBo4YpFo+0gSRkPSUFQx0o4FQdxnpOUPryd+64EISaOwrkYxcTnqhzSgGCkteeY5dAKBcGqP08oYFh89CkvQ4clZtw6de9rnqJuW7DkHembBKltTwGViZ6QAMtQ888vpRTjhJFSYISk7thUrN0VCUczIOO8kksQID1GfdDQNESfSTafPjeGpVnowiISuUMGp+nciRVzKEfd1J0dqIBe9ifif10lUcOWmNIwTRUI8WxQkDKoITpKCPSoIVmykCcKC6lshHiAdltJ55nUI9uLLy6RZKdtW2b67KFRvszhy4BicgCKwwSWoghtQAw2AwRN4AW/g3Xg2Xo0P43PWumJkM0dgDsb3L/L7nss=</latexit><latexit sha1_base64="3rxa3u5jqnK2eknGL2s79XyCJhg=">AAACHHicbVDLSsNAFJ34rPUVdelmsAh10ZJUQZcFN66kYl/QpGEynbRDZ5IwMxFL6Ie48VfcuFDEjQvBv3HaZmFbD1w4nHMv997jx4xKZVk/xsrq2vrGZm4rv72zu7dvHhw2ZZQITBo4YpFo+0gSRkPSUFQx0o4FQdxnpOUPryd+64EISaOwrkYxcTnqhzSgGCkteeY5dAKBcGqP08oYFh89CkvQ4clZtw6de9rnqJuW7DkHembBKltTwGViZ6QAMtQ888vpRTjhJFSYISk7thUrN0VCUczIOO8kksQID1GfdDQNESfSTafPjeGpVnowiISuUMGp+nciRVzKEfd1J0dqIBe9ifif10lUcOWmNIwTRUI8WxQkDKoITpKCPSoIVmykCcKC6lshHiAdltJ55nUI9uLLy6RZKdtW2b67KFRvszhy4BicgCKwwSWoghtQAw2AwRN4AW/g3Xg2Xo0P43PWumJkM0dgDsb3L/L7nss=</latexit>

✓
1

2
(xi � µ)T⌃�1(xi � µ)

◆

<latexit sha1_base64="M+pHx/9grK2kLd6dHMk0+Fn0EyA="></latexit><latexit sha1_base64="M+pHx/9grK2kLd6dHMk0+Fn0EyA="></latexit><latexit sha1_base64="M+pHx/9grK2kLd6dHMk0+Fn0EyA="></latexit><latexit sha1_base64="M+pHx/9grK2kLd6dHMk0+Fn0EyA="></latexit>

⌃�1(xi � µ)
<latexit sha1_base64="Nqg4PfPIpIqlXGZsirre39RjDQg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBctiQi6LLhxJRXtA5pYJtNJO3RmEmYmYgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLitx+IVDQSd3ocE5+jgaAhxUgbqWcfeLd0wNF9WnUzWHnsUViFHk9OenbZqTlTwEXi5qQMcjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvISRWKER2hAuoYKxIny0+kDGTw2Sh+GkTQlNJyqvydSxJUa88B0cqSHat6biP953USHF35KRZxoIvBsUZgwqCM4SQP2qSRYs7EhCEtqboV4iCTC2mRWMiG48y8vktZpzXVq7s1ZuX6dx1EEh+AIVIALzkEdXIEGaAIMMvAMXsGb9WS9WO/Wx6y1YOUz++APrM8fWe+U+g==</latexit><latexit sha1_base64="Nqg4PfPIpIqlXGZsirre39RjDQg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBctiQi6LLhxJRXtA5pYJtNJO3RmEmYmYgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLitx+IVDQSd3ocE5+jgaAhxUgbqWcfeLd0wNF9WnUzWHnsUViFHk9OenbZqTlTwEXi5qQMcjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvISRWKER2hAuoYKxIny0+kDGTw2Sh+GkTQlNJyqvydSxJUa88B0cqSHat6biP953USHF35KRZxoIvBsUZgwqCM4SQP2qSRYs7EhCEtqboV4iCTC2mRWMiG48y8vktZpzXVq7s1ZuX6dx1EEh+AIVIALzkEdXIEGaAIMMvAMXsGb9WS9WO/Wx6y1YOUz++APrM8fWe+U+g==</latexit><latexit sha1_base64="Nqg4PfPIpIqlXGZsirre39RjDQg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBctiQi6LLhxJRXtA5pYJtNJO3RmEmYmYgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLitx+IVDQSd3ocE5+jgaAhxUgbqWcfeLd0wNF9WnUzWHnsUViFHk9OenbZqTlTwEXi5qQMcjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvISRWKER2hAuoYKxIny0+kDGTw2Sh+GkTQlNJyqvydSxJUa88B0cqSHat6biP953USHF35KRZxoIvBsUZgwqCM4SQP2qSRYs7EhCEtqboV4iCTC2mRWMiG48y8vktZpzXVq7s1ZuX6dx1EEh+AIVIALzkEdXIEGaAIMMvAMXsGb9WS9WO/Wx6y1YOUz++APrM8fWe+U+g==</latexit><latexit sha1_base64="Nqg4PfPIpIqlXGZsirre39RjDQg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBctiQi6LLhxJRXtA5pYJtNJO3RmEmYmYgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29looSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLitx+IVDQSd3ocE5+jgaAhxUgbqWcfeLd0wNF9WnUzWHnsUViFHk9OenbZqTlTwEXi5qQMcjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvISRWKER2hAuoYKxIny0+kDGTw2Sh+GkTQlNJyqvydSxJUa88B0cqSHat6biP953USHF35KRZxoIvBsUZgwqCM4SQP2qSRYs7EhCEtqboV4iCTC2mRWMiG48y8vktZpzXVq7s1ZuX6dx1EEh+AIVIALzkEdXIEGaAIMMvAMXsGb9WS9WO/Wx6y1YOUz++APrM8fWe+U+g==</latexit>

=
nX

i=1
<latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit><latexit sha1_base64="0bdsyKC+B2PoQNVwf+wk4nuiyVE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS+FghdPUsF+QLst2TTbhibZJckqZen/8OJBEa/+F2/+G9PtHrT1wcDjvRlm5gUxZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g8nN3G8/UqVZJB/MNKa+wCPJQkawsVK/hno6EYOU1bxZXw7KFbfqZkCrxMtJBXI0BuWv3jAiiaDSEI617npubPwUK8MIp7NSL9E0xmSCR7RrqcSCaj/Nrp6hM6sMURgpW9KgTP09kWKh9VQEtlNgM9bL3lz8z+smJrz2UybjxFBJFovChCMToXkEaMgUJYZPLcFEMXsrImOsMDE2qJINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDB1dQh1toQBMIKHiGV3hznpwX5935WLQWnHzmGP7A+fwB08OSGg==</latexit>

= 0
<latexit sha1_base64="xSrGNPusFcdyLfeSAg3b9t8aWQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MWTVLQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH80kQT+iQ8lDzqix0sM1cfvlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AVByNMQ==</latexit><latexit sha1_base64="xSrGNPusFcdyLfeSAg3b9t8aWQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MWTVLQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH80kQT+iQ8lDzqix0sM1cfvlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AVByNMQ==</latexit><latexit sha1_base64="xSrGNPusFcdyLfeSAg3b9t8aWQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MWTVLQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH80kQT+iQ8lDzqix0sM1cfvlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AVByNMQ==</latexit><latexit sha1_base64="xSrGNPusFcdyLfeSAg3b9t8aWQY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh4MWTVLQf0Iay2U7apZtN2N0IJfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH80kQT+iQ8lDzqix0sM1cfvlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDKz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqqeW/XuLyv1uzyOIpzAKZyDBzWowy00oAkMhvAMr/DmCOfFeXc+Fq0FJ585hj9wPn8AVByNMQ==</latexit>

=)
nX

i=1

xi

<latexit sha1_base64="+exK8g0ZJqZRQcFCl9E+G0On34g=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCp7Argl6EgBdPEsE8IFmX2clsMmRmdpmZFcMSvPgrXjwo4tWv8ObfOHkcNLGgoajqprsrSjnTxvO+nYXFpeWV1cJacX1jc2vb3dmt6yRThNZIwhPVjLCmnElaM8xw2kwVxSLitBH1L0d+454qzRJ5awYpDQTuShYzgo2VQne/zYTdQzVq60yEObvwh3cSPYQsdEte2RsDzRN/SkowRTV0v9qdhGSCSkM41rrle6kJcqwMI5wOi+1M0xSTPu7SlqUSC6qDfPzCEB1ZpYPiRNmSBo3V3xM5FloPRGQ7BTY9PeuNxP+8Vmbi8yBnMs0MlWSyKM44Mgka5YE6TFFi+MASTBSztyLSwwoTY1Mr2hD82ZfnSf2k7Htl/+a0VLmexlGAAziEY/DhDCpwBVWoAYFHeIZXeHOenBfn3fmYtC4405k9+APn8wf2rJcr</latexit><latexit sha1_base64="+exK8g0ZJqZRQcFCl9E+G0On34g=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCp7Argl6EgBdPEsE8IFmX2clsMmRmdpmZFcMSvPgrXjwo4tWv8ObfOHkcNLGgoajqprsrSjnTxvO+nYXFpeWV1cJacX1jc2vb3dmt6yRThNZIwhPVjLCmnElaM8xw2kwVxSLitBH1L0d+454qzRJ5awYpDQTuShYzgo2VQne/zYTdQzVq60yEObvwh3cSPYQsdEte2RsDzRN/SkowRTV0v9qdhGSCSkM41rrle6kJcqwMI5wOi+1M0xSTPu7SlqUSC6qDfPzCEB1ZpYPiRNmSBo3V3xM5FloPRGQ7BTY9PeuNxP+8Vmbi8yBnMs0MlWSyKM44Mgka5YE6TFFi+MASTBSztyLSwwoTY1Mr2hD82ZfnSf2k7Htl/+a0VLmexlGAAziEY/DhDCpwBVWoAYFHeIZXeHOenBfn3fmYtC4405k9+APn8wf2rJcr</latexit><latexit sha1_base64="+exK8g0ZJqZRQcFCl9E+G0On34g=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCp7Argl6EgBdPEsE8IFmX2clsMmRmdpmZFcMSvPgrXjwo4tWv8ObfOHkcNLGgoajqprsrSjnTxvO+nYXFpeWV1cJacX1jc2vb3dmt6yRThNZIwhPVjLCmnElaM8xw2kwVxSLitBH1L0d+454qzRJ5awYpDQTuShYzgo2VQne/zYTdQzVq60yEObvwh3cSPYQsdEte2RsDzRN/SkowRTV0v9qdhGSCSkM41rrle6kJcqwMI5wOi+1M0xSTPu7SlqUSC6qDfPzCEB1ZpYPiRNmSBo3V3xM5FloPRGQ7BTY9PeuNxP+8Vmbi8yBnMs0MlWSyKM44Mgka5YE6TFFi+MASTBSztyLSwwoTY1Mr2hD82ZfnSf2k7Htl/+a0VLmexlGAAziEY/DhDCpwBVWoAYFHeIZXeHOenBfn3fmYtC4405k9+APn8wf2rJcr</latexit><latexit sha1_base64="+exK8g0ZJqZRQcFCl9E+G0On34g=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCp7Argl6EgBdPEsE8IFmX2clsMmRmdpmZFcMSvPgrXjwo4tWv8ObfOHkcNLGgoajqprsrSjnTxvO+nYXFpeWV1cJacX1jc2vb3dmt6yRThNZIwhPVjLCmnElaM8xw2kwVxSLitBH1L0d+454qzRJ5awYpDQTuShYzgo2VQne/zYTdQzVq60yEObvwh3cSPYQsdEte2RsDzRN/SkowRTV0v9qdhGSCSkM41rrle6kJcqwMI5wOi+1M0xSTPu7SlqUSC6qDfPzCEB1ZpYPiRNmSBo3V3xM5FloPRGQ7BTY9PeuNxP+8Vmbi8yBnMs0MlWSyKM44Mgka5YE6TFFi+MASTBSztyLSwwoTY1Mr2hD82ZfnSf2k7Htl/+a0VLmexlGAAziEY/DhDCpwBVWoAYFHeIZXeHOenBfn3fmYtC4405k9+APn8wf2rJcr</latexit>

=
nX

i=1

µ
<latexit sha1_base64="RyACWDo+8WcarmkuDxb4REQpvl8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6KZQcONKKtgHtDFMppN26MwkzEMsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5QyqrTnfTultfWNza3ydmVnd2//wD2sdlRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk+uZ330kUtFE3OtpSgKORoLGFCNtpdCtNuBAGR5mtOHnDwIOuAndmlf35oCrxC9IDRRohe7XYJhgw4nQmCGl+r6X6iBDUlPMSF4ZGEVShCdoRPqWCsSJCrL57Tk8tcoQxom0JTScq78nMsSVmvLIdnKkx2rZm4n/eX2j46sgoyI1mgi8WBQbBnUCZ0HAIZUEaza1BGFJ7a0Qj5FEWNu4KjYEf/nlVdI5r/te3b+7qDVvizjK4BicgDPgg0vQBDegBdoAgyfwDF7Bm5M7L86787FoLTnFzBH4A+fzBwgyk9E=</latexit><latexit sha1_base64="RyACWDo+8WcarmkuDxb4REQpvl8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6KZQcONKKtgHtDFMppN26MwkzEMsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5QyqrTnfTultfWNza3ydmVnd2//wD2sdlRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk+uZ330kUtFE3OtpSgKORoLGFCNtpdCtNuBAGR5mtOHnDwIOuAndmlf35oCrxC9IDRRohe7XYJhgw4nQmCGl+r6X6iBDUlPMSF4ZGEVShCdoRPqWCsSJCrL57Tk8tcoQxom0JTScq78nMsSVmvLIdnKkx2rZm4n/eX2j46sgoyI1mgi8WBQbBnUCZ0HAIZUEaza1BGFJ7a0Qj5FEWNu4KjYEf/nlVdI5r/te3b+7qDVvizjK4BicgDPgg0vQBDegBdoAgyfwDF7Bm5M7L86787FoLTnFzBH4A+fzBwgyk9E=</latexit><latexit sha1_base64="RyACWDo+8WcarmkuDxb4REQpvl8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6KZQcONKKtgHtDFMppN26MwkzEMsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5QyqrTnfTultfWNza3ydmVnd2//wD2sdlRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk+uZ330kUtFE3OtpSgKORoLGFCNtpdCtNuBAGR5mtOHnDwIOuAndmlf35oCrxC9IDRRohe7XYJhgw4nQmCGl+r6X6iBDUlPMSF4ZGEVShCdoRPqWCsSJCrL57Tk8tcoQxom0JTScq78nMsSVmvLIdnKkx2rZm4n/eX2j46sgoyI1mgi8WBQbBnUCZ0HAIZUEaza1BGFJ7a0Qj5FEWNu4KjYEf/nlVdI5r/te3b+7qDVvizjK4BicgDPgg0vQBDegBdoAgyfwDF7Bm5M7L86787FoLTnFzBH4A+fzBwgyk9E=</latexit><latexit sha1_base64="RyACWDo+8WcarmkuDxb4REQpvl8=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiQi6KZQcONKKtgHtDFMppN26MwkzEMsIb/ixoUibv0Rd/6N0zYLbT1w4XDOvdx7T5QyqrTnfTultfWNza3ydmVnd2//wD2sdlRiJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlGk+uZ330kUtFE3OtpSgKORoLGFCNtpdCtNuBAGR5mtOHnDwIOuAndmlf35oCrxC9IDRRohe7XYJhgw4nQmCGl+r6X6iBDUlPMSF4ZGEVShCdoRPqWCsSJCrL57Tk8tcoQxom0JTScq78nMsSVmvLIdnKkx2rZm4n/eX2j46sgoyI1mgi8WBQbBnUCZ0HAIZUEaza1BGFJ7a0Qj5FEWNu4KjYEf/nlVdI5r/te3b+7qDVvizjK4BicgDPgg0vQBDegBdoAgyfwDF7Bm5M7L86787FoLTnFzBH4A+fzBwgyk9E=</latexit>

=) µ =

Pn
i=1 xi

n
<latexit sha1_base64="LXi/U9p18vAeCbbg8Ig589sYVOI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0E2h4MaVVLAPaGKYTCft0JlJmJmIJeQb3Pgrblwo4taVO//GaZuFth64cDjnXu69J0wYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR5cTv3NPpKKxuNXjhPgcDQSNKEbaSIF94lFu9hAFPZ7COvQiiXDmqZQHGa27+Z2ADwHNM5EHdtWpOVPAReIWpAoKNAP7y+vHOOVEaMyQUj3XSbSfIakpZiSveKkiCcIjNCA9QwXiRPnZ9KUcHhmlD6NYmhIaTtXfExniSo15aDo50kM1703E/7xeqqMLP6MiSTUReLYoShnUMZzkA/tUEqzZ2BCEJTW3QjxEJhRtUqyYENz5lxdJ+7TmOjX35qzauC7iKIMDcAiOgQvOQQNcgSZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AOH+d3A==</latexit><latexit sha1_base64="LXi/U9p18vAeCbbg8Ig589sYVOI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0E2h4MaVVLAPaGKYTCft0JlJmJmIJeQb3Pgrblwo4taVO//GaZuFth64cDjnXu69J0wYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR5cTv3NPpKKxuNXjhPgcDQSNKEbaSIF94lFu9hAFPZ7COvQiiXDmqZQHGa27+Z2ADwHNM5EHdtWpOVPAReIWpAoKNAP7y+vHOOVEaMyQUj3XSbSfIakpZiSveKkiCcIjNCA9QwXiRPnZ9KUcHhmlD6NYmhIaTtXfExniSo15aDo50kM1703E/7xeqqMLP6MiSTUReLYoShnUMZzkA/tUEqzZ2BCEJTW3QjxEJhRtUqyYENz5lxdJ+7TmOjX35qzauC7iKIMDcAiOgQvOQQNcgSZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AOH+d3A==</latexit><latexit sha1_base64="LXi/U9p18vAeCbbg8Ig589sYVOI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0E2h4MaVVLAPaGKYTCft0JlJmJmIJeQb3Pgrblwo4taVO//GaZuFth64cDjnXu69J0wYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR5cTv3NPpKKxuNXjhPgcDQSNKEbaSIF94lFu9hAFPZ7COvQiiXDmqZQHGa27+Z2ADwHNM5EHdtWpOVPAReIWpAoKNAP7y+vHOOVEaMyQUj3XSbSfIakpZiSveKkiCcIjNCA9QwXiRPnZ9KUcHhmlD6NYmhIaTtXfExniSo15aDo50kM1703E/7xeqqMLP6MiSTUReLYoShnUMZzkA/tUEqzZ2BCEJTW3QjxEJhRtUqyYENz5lxdJ+7TmOjX35qzauC7iKIMDcAiOgQvOQQNcgSZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AOH+d3A==</latexit><latexit sha1_base64="LXi/U9p18vAeCbbg8Ig589sYVOI=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0E2h4MaVVLAPaGKYTCft0JlJmJmIJeQb3Pgrblwo4taVO//GaZuFth64cDjnXu69J0wYVdpxvq3S0vLK6lp5vbKxubW9Y+/utVWcSkxaOGax7IZIEUYFaWmqGekmkiAeMtIJR5cTv3NPpKKxuNXjhPgcDQSNKEbaSIF94lFu9hAFPZ7COvQiiXDmqZQHGa27+Z2ADwHNM5EHdtWpOVPAReIWpAoKNAP7y+vHOOVEaMyQUj3XSbSfIakpZiSveKkiCcIjNCA9QwXiRPnZ9KUcHhmlD6NYmhIaTtXfExniSo15aDo50kM1703E/7xeqqMLP6MiSTUReLYoShnUMZzkA/tUEqzZ2BCEJTW3QjxEJhRtUqyYENz5lxdJ+7TmOjX35qzauC7iKIMDcAiOgQvOQQNcgSZoAQwewTN4BW/Wk/VivVsfs9aSVczsgz+wPn8AOH+d3A==</latexit>



Estimating MVG from data
Maximum likelihood estimate 

µ̂MLE =

Pn
i=1 xi

n
<latexit sha1_base64="4llcYNK49T7Um5VF6vvEKjgaysI=">AAACHHicbVBNSwMxEM3W7/pV9eglWARPZVcFvQiCCB5UFKwK3bpk02wbTLJLMiuWsD/Ei3/FiwdFvHgQ/DemtQdtfTDweG+GmXlxJrgB3//ySmPjE5NT0zPl2bn5hcXK0vKlSXNNWZ2mItXXMTFMcMXqwEGw60wzImPBruLbg55/dce04am6gG7GmpK0FU84JeCkqLIVdgjYUOZFZENg92BPjg+LAu/hMNGE2tDkMrJ8LyhuFL6PeGFVEVWqfs3vA4+SYECqaICzqPIRtlKaS6aACmJMI/AzaFqigVPBinKYG5YRekvarOGoIpKZpu0/V+B1p7RwkmpXCnBf/T1hiTSmK2PXKQl0zLDXE//zGjkku03LVZYDU/RnUZILDCnuJYVbXDMKousIoZq7WzHtEBcKuDzLLoRg+OVRcrlZC/xacL5d3T8dxDGNVtEa2kAB2kH76AidoTqi6AE9oRf06j16z96b9/7TWvIGMyvoD7zPby8iorA=</latexit><latexit sha1_base64="4llcYNK49T7Um5VF6vvEKjgaysI=">AAACHHicbVBNSwMxEM3W7/pV9eglWARPZVcFvQiCCB5UFKwK3bpk02wbTLJLMiuWsD/Ei3/FiwdFvHgQ/DemtQdtfTDweG+GmXlxJrgB3//ySmPjE5NT0zPl2bn5hcXK0vKlSXNNWZ2mItXXMTFMcMXqwEGw60wzImPBruLbg55/dce04am6gG7GmpK0FU84JeCkqLIVdgjYUOZFZENg92BPjg+LAu/hMNGE2tDkMrJ8LyhuFL6PeGFVEVWqfs3vA4+SYECqaICzqPIRtlKaS6aACmJMI/AzaFqigVPBinKYG5YRekvarOGoIpKZpu0/V+B1p7RwkmpXCnBf/T1hiTSmK2PXKQl0zLDXE//zGjkku03LVZYDU/RnUZILDCnuJYVbXDMKousIoZq7WzHtEBcKuDzLLoRg+OVRcrlZC/xacL5d3T8dxDGNVtEa2kAB2kH76AidoTqi6AE9oRf06j16z96b9/7TWvIGMyvoD7zPby8iorA=</latexit><latexit sha1_base64="4llcYNK49T7Um5VF6vvEKjgaysI=">AAACHHicbVBNSwMxEM3W7/pV9eglWARPZVcFvQiCCB5UFKwK3bpk02wbTLJLMiuWsD/Ei3/FiwdFvHgQ/DemtQdtfTDweG+GmXlxJrgB3//ySmPjE5NT0zPl2bn5hcXK0vKlSXNNWZ2mItXXMTFMcMXqwEGw60wzImPBruLbg55/dce04am6gG7GmpK0FU84JeCkqLIVdgjYUOZFZENg92BPjg+LAu/hMNGE2tDkMrJ8LyhuFL6PeGFVEVWqfs3vA4+SYECqaICzqPIRtlKaS6aACmJMI/AzaFqigVPBinKYG5YRekvarOGoIpKZpu0/V+B1p7RwkmpXCnBf/T1hiTSmK2PXKQl0zLDXE//zGjkku03LVZYDU/RnUZILDCnuJYVbXDMKousIoZq7WzHtEBcKuDzLLoRg+OVRcrlZC/xacL5d3T8dxDGNVtEa2kAB2kH76AidoTqi6AE9oRf06j16z96b9/7TWvIGMyvoD7zPby8iorA=</latexit><latexit sha1_base64="4llcYNK49T7Um5VF6vvEKjgaysI=">AAACHHicbVBNSwMxEM3W7/pV9eglWARPZVcFvQiCCB5UFKwK3bpk02wbTLJLMiuWsD/Ei3/FiwdFvHgQ/DemtQdtfTDweG+GmXlxJrgB3//ySmPjE5NT0zPl2bn5hcXK0vKlSXNNWZ2mItXXMTFMcMXqwEGw60wzImPBruLbg55/dce04am6gG7GmpK0FU84JeCkqLIVdgjYUOZFZENg92BPjg+LAu/hMNGE2tDkMrJ8LyhuFL6PeGFVEVWqfs3vA4+SYECqaICzqPIRtlKaS6aACmJMI/AzaFqigVPBinKYG5YRekvarOGoIpKZpu0/V+B1p7RwkmpXCnBf/T1hiTSmK2PXKQl0zLDXE//zGjkku03LVZYDU/RnUZILDCnuJYVbXDMKousIoZq7WzHtEBcKuDzLLoRg+OVRcrlZC/xacL5d3T8dxDGNVtEa2kAB2kH76AidoTqi6AE9oRf06j16z96b9/7TWvIGMyvoD7zPby8iorA=</latexit>

⌃̂MLE
<latexit sha1_base64="EIEA42d/egdcZ+1HdCM+n7HJWIM=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBU0lE0GNBBA8qFe0HNCFstpt26W4SdidiCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEs4U2Pa3MTe/sLi0XFopr66tb2yaW9tNFaeS0AaJeSzbAVaUs4g2gAGn7URSLAJOW8HgbOS37qlULI7uYJhQT+BexEJGMGjJN3fdPobMvWU9gXM/c4E+QHZ1eZ7nvlmxq/YY1ixxClJBBeq++eV2Y5IKGgHhWKmOYyfgZVgCI5zmZTdVNMFkgHu0o2mEBVVeNn4htw600rXCWOqKwBqrvycyLJQaikB3Cgx9Ne2NxP+8TgrhqZexKEmBRmSyKEy5BbE1ysPqMkkJ8KEmmEimb7VIH0tMQKdW1iE40y/PkuZR1bGrzs1xpXZdxFFCe2gfHSIHnaAaukB11EAEPaJn9IrejCfjxXg3Piatc0Yxs4P+wPj8AQnml90=</latexit><latexit sha1_base64="EIEA42d/egdcZ+1HdCM+n7HJWIM=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBU0lE0GNBBA8qFe0HNCFstpt26W4SdidiCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEs4U2Pa3MTe/sLi0XFopr66tb2yaW9tNFaeS0AaJeSzbAVaUs4g2gAGn7URSLAJOW8HgbOS37qlULI7uYJhQT+BexEJGMGjJN3fdPobMvWU9gXM/c4E+QHZ1eZ7nvlmxq/YY1ixxClJBBeq++eV2Y5IKGgHhWKmOYyfgZVgCI5zmZTdVNMFkgHu0o2mEBVVeNn4htw600rXCWOqKwBqrvycyLJQaikB3Cgx9Ne2NxP+8TgrhqZexKEmBRmSyKEy5BbE1ysPqMkkJ8KEmmEimb7VIH0tMQKdW1iE40y/PkuZR1bGrzs1xpXZdxFFCe2gfHSIHnaAaukB11EAEPaJn9IrejCfjxXg3Piatc0Yxs4P+wPj8AQnml90=</latexit><latexit sha1_base64="EIEA42d/egdcZ+1HdCM+n7HJWIM=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBU0lE0GNBBA8qFe0HNCFstpt26W4SdidiCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEs4U2Pa3MTe/sLi0XFopr66tb2yaW9tNFaeS0AaJeSzbAVaUs4g2gAGn7URSLAJOW8HgbOS37qlULI7uYJhQT+BexEJGMGjJN3fdPobMvWU9gXM/c4E+QHZ1eZ7nvlmxq/YY1ixxClJBBeq++eV2Y5IKGgHhWKmOYyfgZVgCI5zmZTdVNMFkgHu0o2mEBVVeNn4htw600rXCWOqKwBqrvycyLJQaikB3Cgx9Ne2NxP+8TgrhqZexKEmBRmSyKEy5BbE1ysPqMkkJ8KEmmEimb7VIH0tMQKdW1iE40y/PkuZR1bGrzs1xpXZdxFFCe2gfHSIHnaAaukB11EAEPaJn9IrejCfjxXg3Piatc0Yxs4P+wPj8AQnml90=</latexit><latexit sha1_base64="EIEA42d/egdcZ+1HdCM+n7HJWIM=">AAACAnicbVBNS8NAEN34WetX1JN4CRbBU0lE0GNBBA8qFe0HNCFstpt26W4SdidiCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEs4U2Pa3MTe/sLi0XFopr66tb2yaW9tNFaeS0AaJeSzbAVaUs4g2gAGn7URSLAJOW8HgbOS37qlULI7uYJhQT+BexEJGMGjJN3fdPobMvWU9gXM/c4E+QHZ1eZ7nvlmxq/YY1ixxClJBBeq++eV2Y5IKGgHhWKmOYyfgZVgCI5zmZTdVNMFkgHu0o2mEBVVeNn4htw600rXCWOqKwBqrvycyLJQaikB3Cgx9Ne2NxP+8TgrhqZexKEmBRmSyKEy5BbE1ysPqMkkJ8KEmmEimb7VIH0tMQKdW1iE40y/PkuZR1bGrzs1xpXZdxFFCe2gfHSIHnaAaukB11EAEPaJn9IrejCfjxXg3Piatc0Yxs4P+wPj8AQnml90=</latexit>

=
1

n

nX

i=1

(xi � µ̂MLE)(xi � µ̂MLE)
T

<latexit sha1_base64="k+DgIb/5xMhDD272b+oAVo+WOrM="></latexit><latexit sha1_base64="k+DgIb/5xMhDD272b+oAVo+WOrM="></latexit><latexit sha1_base64="k+DgIb/5xMhDD272b+oAVo+WOrM="></latexit><latexit sha1_base64="k+DgIb/5xMhDD272b+oAVo+WOrM="></latexit>



Properties of MVG
Matrix transformations 

z ⇠ N (Aµz, Z⌃zA
T )

<latexit sha1_base64="o4AHd3nZbdVyedMsKc22irdFJoY=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoKGVGBF22uHFVKvaFnTpk0rQNTWaGJCO0Qz/Cjb/ixoUibl2482/MtLPQ1gOBk3Pu5d57vJBRqSzr28gsLa+srmXXcxubW9s75u5eQwaRwKSOAxaIlockYdQndUUVI61QEMQ9Rpre8Crxmw9ESBr4NTUKSYejvk97FCOlJdc8GUNHUg4djtQAIxZXJoWy/kXu+BTeQeeW9jlyx7B8Xzt2zbxVtKaAi8ROSR6kqLrml9MNcMSJrzBDUrZtK1SdGAlFMSOTnBNJEiI8RH3S1tRHnMhOPD1qAo+00oW9QOjnKzhVf3fEiEs54p6uTHaX814i/ue1I9W77MTUDyNFfDwb1IsYVAFMEoJdKghWbKQJwoLqXSEeIIGw0jnmdAj2/MmLpHFWtK2ifXOeL1XSOLLgAByCArDBBSiBa1AFdYDBI3gGr+DNeDJejHfjY1aaMdKeffAHxucPMqidCA==</latexit><latexit sha1_base64="o4AHd3nZbdVyedMsKc22irdFJoY=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoKGVGBF22uHFVKvaFnTpk0rQNTWaGJCO0Qz/Cjb/ixoUibl2482/MtLPQ1gOBk3Pu5d57vJBRqSzr28gsLa+srmXXcxubW9s75u5eQwaRwKSOAxaIlockYdQndUUVI61QEMQ9Rpre8Crxmw9ESBr4NTUKSYejvk97FCOlJdc8GUNHUg4djtQAIxZXJoWy/kXu+BTeQeeW9jlyx7B8Xzt2zbxVtKaAi8ROSR6kqLrml9MNcMSJrzBDUrZtK1SdGAlFMSOTnBNJEiI8RH3S1tRHnMhOPD1qAo+00oW9QOjnKzhVf3fEiEs54p6uTHaX814i/ue1I9W77MTUDyNFfDwb1IsYVAFMEoJdKghWbKQJwoLqXSEeIIGw0jnmdAj2/MmLpHFWtK2ifXOeL1XSOLLgAByCArDBBSiBa1AFdYDBI3gGr+DNeDJejHfjY1aaMdKeffAHxucPMqidCA==</latexit><latexit sha1_base64="o4AHd3nZbdVyedMsKc22irdFJoY=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoKGVGBF22uHFVKvaFnTpk0rQNTWaGJCO0Qz/Cjb/ixoUibl2482/MtLPQ1gOBk3Pu5d57vJBRqSzr28gsLa+srmXXcxubW9s75u5eQwaRwKSOAxaIlockYdQndUUVI61QEMQ9Rpre8Crxmw9ESBr4NTUKSYejvk97FCOlJdc8GUNHUg4djtQAIxZXJoWy/kXu+BTeQeeW9jlyx7B8Xzt2zbxVtKaAi8ROSR6kqLrml9MNcMSJrzBDUrZtK1SdGAlFMSOTnBNJEiI8RH3S1tRHnMhOPD1qAo+00oW9QOjnKzhVf3fEiEs54p6uTHaX814i/ue1I9W77MTUDyNFfDwb1IsYVAFMEoJdKghWbKQJwoLqXSEeIIGw0jnmdAj2/MmLpHFWtK2ifXOeL1XSOLLgAByCArDBBSiBa1AFdYDBI3gGr+DNeDJejHfjY1aaMdKeffAHxucPMqidCA==</latexit><latexit sha1_base64="o4AHd3nZbdVyedMsKc22irdFJoY=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoKGVGBF22uHFVKvaFnTpk0rQNTWaGJCO0Qz/Cjb/ixoUibl2482/MtLPQ1gOBk3Pu5d57vJBRqSzr28gsLa+srmXXcxubW9s75u5eQwaRwKSOAxaIlockYdQndUUVI61QEMQ9Rpre8Crxmw9ESBr4NTUKSYejvk97FCOlJdc8GUNHUg4djtQAIxZXJoWy/kXu+BTeQeeW9jlyx7B8Xzt2zbxVtKaAi8ROSR6kqLrml9MNcMSJrzBDUrZtK1SdGAlFMSOTnBNJEiI8RH3S1tRHnMhOPD1qAo+00oW9QOjnKzhVf3fEiEs54p6uTHaX814i/ue1I9W77MTUDyNFfDwb1IsYVAFMEoJdKghWbKQJwoLqXSEeIIGw0jnmdAj2/MmLpHFWtK2ifXOeL1XSOLLgAByCArDBBSiBa1AFdYDBI3gGr+DNeDJejHfjY1aaMdKeffAHxucPMqidCA==</latexit>

proof:
µAz = E [AZ]

<latexit sha1_base64="4pTCLTYjad7EfvR4JWb+Klo7u2Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0I3QIoIrqWAfmIQwmU7aoZMHMzdCDf0GN/6KGxeKuHXlzr9x+lho64ELh3Pu5d57glRwBZb1bRQWFpeWV4qrpbX1jc0tc3unqZJMUtagiUhkOyCKCR6zBnAQrJ1KRqJAsFbQvxj5rXsmFU/iWxikzItIN+YhpwS05JtHbpT5eQ0/DPE5diMCvSDIL4fYFSwEB9fwHXYl7/bA882yVbHGwPPEnpIymqLum19uJ6FZxGKggijl2FYKXk4kcCrYsORmiqWE9kmXOZrGJGLKy8cvDfGBVjo4TKSuGPBY/T2Rk0ipQRToztHRatYbif95TgbhmZfzOM2AxXSyKMwEhgSP8sEdLhkFMdCEUMn1rZj2iCQUdIolHYI9+/I8aR5XbKti35yUq9fTOIpoD+2jQ2SjU1RFV6iOGoiiR/SMXtGb8WS8GO/Gx6S1YExndtEfGJ8/PlOcmQ==</latexit><latexit sha1_base64="4pTCLTYjad7EfvR4JWb+Klo7u2Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0I3QIoIrqWAfmIQwmU7aoZMHMzdCDf0GN/6KGxeKuHXlzr9x+lho64ELh3Pu5d57glRwBZb1bRQWFpeWV4qrpbX1jc0tc3unqZJMUtagiUhkOyCKCR6zBnAQrJ1KRqJAsFbQvxj5rXsmFU/iWxikzItIN+YhpwS05JtHbpT5eQ0/DPE5diMCvSDIL4fYFSwEB9fwHXYl7/bA882yVbHGwPPEnpIymqLum19uJ6FZxGKggijl2FYKXk4kcCrYsORmiqWE9kmXOZrGJGLKy8cvDfGBVjo4TKSuGPBY/T2Rk0ipQRToztHRatYbif95TgbhmZfzOM2AxXSyKMwEhgSP8sEdLhkFMdCEUMn1rZj2iCQUdIolHYI9+/I8aR5XbKti35yUq9fTOIpoD+2jQ2SjU1RFV6iOGoiiR/SMXtGb8WS8GO/Gx6S1YExndtEfGJ8/PlOcmQ==</latexit><latexit sha1_base64="4pTCLTYjad7EfvR4JWb+Klo7u2Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0I3QIoIrqWAfmIQwmU7aoZMHMzdCDf0GN/6KGxeKuHXlzr9x+lho64ELh3Pu5d57glRwBZb1bRQWFpeWV4qrpbX1jc0tc3unqZJMUtagiUhkOyCKCR6zBnAQrJ1KRqJAsFbQvxj5rXsmFU/iWxikzItIN+YhpwS05JtHbpT5eQ0/DPE5diMCvSDIL4fYFSwEB9fwHXYl7/bA882yVbHGwPPEnpIymqLum19uJ6FZxGKggijl2FYKXk4kcCrYsORmiqWE9kmXOZrGJGLKy8cvDfGBVjo4TKSuGPBY/T2Rk0ipQRToztHRatYbif95TgbhmZfzOM2AxXSyKMwEhgSP8sEdLhkFMdCEUMn1rZj2iCQUdIolHYI9+/I8aR5XbKti35yUq9fTOIpoD+2jQ2SjU1RFV6iOGoiiR/SMXtGb8WS8GO/Gx6S1YExndtEfGJ8/PlOcmQ==</latexit><latexit sha1_base64="4pTCLTYjad7EfvR4JWb+Klo7u2Y=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlE0I3QIoIrqWAfmIQwmU7aoZMHMzdCDf0GN/6KGxeKuHXlzr9x+lho64ELh3Pu5d57glRwBZb1bRQWFpeWV4qrpbX1jc0tc3unqZJMUtagiUhkOyCKCR6zBnAQrJ1KRqJAsFbQvxj5rXsmFU/iWxikzItIN+YhpwS05JtHbpT5eQ0/DPE5diMCvSDIL4fYFSwEB9fwHXYl7/bA882yVbHGwPPEnpIymqLum19uJ6FZxGKggijl2FYKXk4kcCrYsORmiqWE9kmXOZrGJGLKy8cvDfGBVjo4TKSuGPBY/T2Rk0ipQRToztHRatYbif95TgbhmZfzOM2AxXSyKMwEhgSP8sEdLhkFMdCEUMn1rZj2iCQUdIolHYI9+/I8aR5XbKti35yUq9fTOIpoD+2jQ2SjU1RFV6iOGoiiR/SMXtGb8WS8GO/Gx6S1YExndtEfGJ8/PlOcmQ==</latexit>

= AE [Z]
<latexit sha1_base64="parufTlw0NHMiN1C3KfYCy4gTFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EaoiOBKKtgHJqFMppN26OTBzI1QQndu/BU3LhRx6y+482+ctFlo64ELh3Pu5d57/ERwBZb1bZQWFpeWV8qrlbX1jc0tc3unpeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vMz99gOTisfRHYwS5oWkH/GAUwJa6pr75/gCuyGBge9nV2PsChaAc49dyfsD8Lpm1apZE+B5Yhekigo0uuaX24tpGrIIqCBKObaVgJcRCZwKNq64qWIJoUPSZ46mEQmZ8rLJH2N8qJUeDmKpKwI8UX9PZCRUahT6ujO/WM16ufif56QQnHkZj5IUWESni4JUYIhxHgrucckoiJEmhEqub8V0QCShoKOr6BDs2ZfnSeu4Zls1+/akWr8p4iijPXSAjpCNTlEdXaMGaiKKHtEzekVvxpPxYrwbH9PWklHM7KI/MD5/AH5qmHs=</latexit><latexit sha1_base64="parufTlw0NHMiN1C3KfYCy4gTFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EaoiOBKKtgHJqFMppN26OTBzI1QQndu/BU3LhRx6y+482+ctFlo64ELh3Pu5d57/ERwBZb1bZQWFpeWV8qrlbX1jc0tc3unpeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vMz99gOTisfRHYwS5oWkH/GAUwJa6pr75/gCuyGBge9nV2PsChaAc49dyfsD8Lpm1apZE+B5Yhekigo0uuaX24tpGrIIqCBKObaVgJcRCZwKNq64qWIJoUPSZ46mEQmZ8rLJH2N8qJUeDmKpKwI8UX9PZCRUahT6ujO/WM16ufif56QQnHkZj5IUWESni4JUYIhxHgrucckoiJEmhEqub8V0QCShoKOr6BDs2ZfnSeu4Zls1+/akWr8p4iijPXSAjpCNTlEdXaMGaiKKHtEzekVvxpPxYrwbH9PWklHM7KI/MD5/AH5qmHs=</latexit><latexit sha1_base64="parufTlw0NHMiN1C3KfYCy4gTFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EaoiOBKKtgHJqFMppN26OTBzI1QQndu/BU3LhRx6y+482+ctFlo64ELh3Pu5d57/ERwBZb1bZQWFpeWV8qrlbX1jc0tc3unpeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vMz99gOTisfRHYwS5oWkH/GAUwJa6pr75/gCuyGBge9nV2PsChaAc49dyfsD8Lpm1apZE+B5Yhekigo0uuaX24tpGrIIqCBKObaVgJcRCZwKNq64qWIJoUPSZ46mEQmZ8rLJH2N8qJUeDmKpKwI8UX9PZCRUahT6ujO/WM16ufif56QQnHkZj5IUWESni4JUYIhxHgrucckoiJEmhEqub8V0QCShoKOr6BDs2ZfnSeu4Zls1+/akWr8p4iijPXSAjpCNTlEdXaMGaiKKHtEzekVvxpPxYrwbH9PWklHM7KI/MD5/AH5qmHs=</latexit><latexit sha1_base64="parufTlw0NHMiN1C3KfYCy4gTFw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EaoiOBKKtgHJqFMppN26OTBzI1QQndu/BU3LhRx6y+482+ctFlo64ELh3Pu5d57/ERwBZb1bZQWFpeWV8qrlbX1jc0tc3unpeJUUtaksYhlxyeKCR6xJnAQrJNIRkJfsLY/vMz99gOTisfRHYwS5oWkH/GAUwJa6pr75/gCuyGBge9nV2PsChaAc49dyfsD8Lpm1apZE+B5Yhekigo0uuaX24tpGrIIqCBKObaVgJcRCZwKNq64qWIJoUPSZ46mEQmZ8rLJH2N8qJUeDmKpKwI8UX9PZCRUahT6ujO/WM16ufif56QQnHkZj5IUWESni4JUYIhxHgrucckoiJEmhEqub8V0QCShoKOr6BDs2ZfnSeu4Zls1+/akWr8p4iijPXSAjpCNTlEdXaMGaiKKHtEzekVvxpPxYrwbH9PWklHM7KI/MD5/AH5qmHs=</latexit>

= Aµz
<latexit sha1_base64="ZyAmnwj+rvziYWNIL/y/kE4FjZc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvHiSCOYhyRJmJ7PJkJnZZR5CXPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcqZNr7/7S0tr6yurRc2iptb2zu7pb39hk6sIrROEp6oVoQ15UzSumGG01aqKBYRp81oeD3xm49UaZbIezNKaShwX7KYEWyc9HCJrlBH2O5Tt1T2K/4UaJEEOSlDjlq39NXpJcQKKg3hWOt24KcmzLAyjHA6LnaspikmQ9ynbUclFlSH2fTgMTp2Sg/FiXIlDZqqvycyLLQeich1CmwGet6biP95bWviizBjMrWGSjJbFFuOTIIm36MeU5QYPnIEE8XcrYgMsMLEuIyKLoRg/uVF0jitBH4luDsrV2/zOApwCEdwAgGcQxVuoAZ1ICDgGV7hzVPei/fufcxal7x85gD+wPv8Aa9aj7U=</latexit><latexit sha1_base64="ZyAmnwj+rvziYWNIL/y/kE4FjZc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvHiSCOYhyRJmJ7PJkJnZZR5CXPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcqZNr7/7S0tr6yurRc2iptb2zu7pb39hk6sIrROEp6oVoQ15UzSumGG01aqKBYRp81oeD3xm49UaZbIezNKaShwX7KYEWyc9HCJrlBH2O5Tt1T2K/4UaJEEOSlDjlq39NXpJcQKKg3hWOt24KcmzLAyjHA6LnaspikmQ9ynbUclFlSH2fTgMTp2Sg/FiXIlDZqqvycyLLQeich1CmwGet6biP95bWviizBjMrWGSjJbFFuOTIIm36MeU5QYPnIEE8XcrYgMsMLEuIyKLoRg/uVF0jitBH4luDsrV2/zOApwCEdwAgGcQxVuoAZ1ICDgGV7hzVPei/fufcxal7x85gD+wPv8Aa9aj7U=</latexit><latexit sha1_base64="ZyAmnwj+rvziYWNIL/y/kE4FjZc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvHiSCOYhyRJmJ7PJkJnZZR5CXPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcqZNr7/7S0tr6yurRc2iptb2zu7pb39hk6sIrROEp6oVoQ15UzSumGG01aqKBYRp81oeD3xm49UaZbIezNKaShwX7KYEWyc9HCJrlBH2O5Tt1T2K/4UaJEEOSlDjlq39NXpJcQKKg3hWOt24KcmzLAyjHA6LnaspikmQ9ynbUclFlSH2fTgMTp2Sg/FiXIlDZqqvycyLLQeich1CmwGet6biP95bWviizBjMrWGSjJbFFuOTIIm36MeU5QYPnIEE8XcrYgMsMLEuIyKLoRg/uVF0jitBH4luDsrV2/zOApwCEdwAgGcQxVuoAZ1ICDgGV7hzVPei/fufcxal7x85gD+wPv8Aa9aj7U=</latexit><latexit sha1_base64="ZyAmnwj+rvziYWNIL/y/kE4FjZc=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CJEvHiSCOYhyRJmJ7PJkJnZZR5CXPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcqZNr7/7S0tr6yurRc2iptb2zu7pb39hk6sIrROEp6oVoQ15UzSumGG01aqKBYRp81oeD3xm49UaZbIezNKaShwX7KYEWyc9HCJrlBH2O5Tt1T2K/4UaJEEOSlDjlq39NXpJcQKKg3hWOt24KcmzLAyjHA6LnaspikmQ9ynbUclFlSH2fTgMTp2Sg/FiXIlDZqqvycyLLQeich1CmwGet6biP95bWviizBjMrWGSjJbFFuOTIIm36MeU5QYPnIEE8XcrYgMsMLEuIyKLoRg/uVF0jitBH4luDsrV2/zOApwCEdwAgGcQxVuoAZ1ICDgGV7hzVPei/fufcxal7x85gD+wPv8Aa9aj7U=</latexit>

⌃Az =
<latexit sha1_base64="IirvzGDtpF6ht+1NwIZ+V2IsNFM=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfQiVLx4kor2A9plyaZpG5pklyQrtEt/iRcPinj1p3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLK6tr5R3Cxtbe/slt29/aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0eh65rceqdIslg9mnNBA4IFkfUawsVLolrv3bCBwmF2hyRRdotCteFVvDvSX+DmpQI566H52ezFJBZWGcKx1x/cSE2RYGUY4nZa6qaYJJiM8oB1LJRZUB9n88Ck6tkoP9WNlSxo0V39OZFhoPRaR7RTYDPWyNxP/8zqp6V8EGZNJaqgki0X9lCMTo1kKqMcUJYaPLcFEMXsrIkOsMDE2q5INwV9++S9pnlZ9r+rfnVVqt3kcRTiEIzgBH86hBjdQhwYQSOEJXuDVmTjPzpvzvmgtOPnMAfyC8/ENZfiSSQ==</latexit><latexit sha1_base64="IirvzGDtpF6ht+1NwIZ+V2IsNFM=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfQiVLx4kor2A9plyaZpG5pklyQrtEt/iRcPinj1p3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLK6tr5R3Cxtbe/slt29/aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0eh65rceqdIslg9mnNBA4IFkfUawsVLolrv3bCBwmF2hyRRdotCteFVvDvSX+DmpQI566H52ezFJBZWGcKx1x/cSE2RYGUY4nZa6qaYJJiM8oB1LJRZUB9n88Ck6tkoP9WNlSxo0V39OZFhoPRaR7RTYDPWyNxP/8zqp6V8EGZNJaqgki0X9lCMTo1kKqMcUJYaPLcFEMXsrIkOsMDE2q5INwV9++S9pnlZ9r+rfnVVqt3kcRTiEIzgBH86hBjdQhwYQSOEJXuDVmTjPzpvzvmgtOPnMAfyC8/ENZfiSSQ==</latexit><latexit sha1_base64="IirvzGDtpF6ht+1NwIZ+V2IsNFM=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfQiVLx4kor2A9plyaZpG5pklyQrtEt/iRcPinj1p3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLK6tr5R3Cxtbe/slt29/aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0eh65rceqdIslg9mnNBA4IFkfUawsVLolrv3bCBwmF2hyRRdotCteFVvDvSX+DmpQI566H52ezFJBZWGcKx1x/cSE2RYGUY4nZa6qaYJJiM8oB1LJRZUB9n88Ck6tkoP9WNlSxo0V39OZFhoPRaR7RTYDPWyNxP/8zqp6V8EGZNJaqgki0X9lCMTo1kKqMcUJYaPLcFEMXsrIkOsMDE2q5INwV9++S9pnlZ9r+rfnVVqt3kcRTiEIzgBH86hBjdQhwYQSOEJXuDVmTjPzpvzvmgtOPnMAfyC8/ENZfiSSQ==</latexit><latexit sha1_base64="IirvzGDtpF6ht+1NwIZ+V2IsNFM=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2ARPJVdEfQiVLx4kor2A9plyaZpG5pklyQrtEt/iRcPinj1p3jz35i2e9Dqg4HHezPMzIsSzrTxvC+nsLK6tr5R3Cxtbe/slt29/aaOU0Vog8Q8Vu0Ia8qZpA3DDKftRFEsIk5b0eh65rceqdIslg9mnNBA4IFkfUawsVLolrv3bCBwmF2hyRRdotCteFVvDvSX+DmpQI566H52ezFJBZWGcKx1x/cSE2RYGUY4nZa6qaYJJiM8oB1LJRZUB9n88Ck6tkoP9WNlSxo0V39OZFhoPRaR7RTYDPWyNxP/8zqp6V8EGZNJaqgki0X9lCMTo1kKqMcUJYaPLcFEMXsrIkOsMDE2q5INwV9++S9pnlZ9r+rfnVVqt3kcRTiEIzgBH86hBjdQhwYQSOEJXuDVmTjPzpvzvmgtOPnMAfyC8/ENZfiSSQ==</latexit>

E
⇥
(Az � E[Az])(Az � E[Az])T

⇤
<latexit sha1_base64="seKzqUF83YF7SUv06I4HY7y+xX0=">AAACNXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUGXFRFciFToDWbGkkkzbWjmQnJGqENfyo3v4UoXLhRx6yuYXkBteyDw8/3nkHN+LxZcgWm+GpmFxaXllexqbm19Y3Mrv71TV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPrXQz9xj2TikdhFfoxcwPSCbnPKQGNWvlrJyDQ9bz0coAdwXywcfEcP+Aj/GvYGriHczgeGXdV7Eje6YLbyhfMkjkqPCusiSigSVVa+WenHdEkYCFQQZSyLTMGNyUSOBVskHMSxWJCe6TDbC1DEjDlpqOrB/hAkzb2I6lfCHhE/06kJFCqH3i6c7iymvaGcJ5nJ+CfuSkP4wRYSMcf+YnAEOFhhLjNJaMg+loQKrneFdMukYSCDjqnQ7CmT54V9eOSZZas25NC+WYSRxbtoX1URBY6RWV0hSqohih6RC/oHX0YT8ab8Wl8jVszxmRmF/0r4/sHI6+opw==</latexit><latexit sha1_base64="seKzqUF83YF7SUv06I4HY7y+xX0=">AAACNXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUGXFRFciFToDWbGkkkzbWjmQnJGqENfyo3v4UoXLhRx6yuYXkBteyDw8/3nkHN+LxZcgWm+GpmFxaXllexqbm19Y3Mrv71TV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPrXQz9xj2TikdhFfoxcwPSCbnPKQGNWvlrJyDQ9bz0coAdwXywcfEcP+Aj/GvYGriHczgeGXdV7Eje6YLbyhfMkjkqPCusiSigSVVa+WenHdEkYCFQQZSyLTMGNyUSOBVskHMSxWJCe6TDbC1DEjDlpqOrB/hAkzb2I6lfCHhE/06kJFCqH3i6c7iymvaGcJ5nJ+CfuSkP4wRYSMcf+YnAEOFhhLjNJaMg+loQKrneFdMukYSCDjqnQ7CmT54V9eOSZZas25NC+WYSRxbtoX1URBY6RWV0hSqohih6RC/oHX0YT8ab8Wl8jVszxmRmF/0r4/sHI6+opw==</latexit><latexit sha1_base64="seKzqUF83YF7SUv06I4HY7y+xX0=">AAACNXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUGXFRFciFToDWbGkkkzbWjmQnJGqENfyo3v4UoXLhRx6yuYXkBteyDw8/3nkHN+LxZcgWm+GpmFxaXllexqbm19Y3Mrv71TV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPrXQz9xj2TikdhFfoxcwPSCbnPKQGNWvlrJyDQ9bz0coAdwXywcfEcP+Aj/GvYGriHczgeGXdV7Eje6YLbyhfMkjkqPCusiSigSVVa+WenHdEkYCFQQZSyLTMGNyUSOBVskHMSxWJCe6TDbC1DEjDlpqOrB/hAkzb2I6lfCHhE/06kJFCqH3i6c7iymvaGcJ5nJ+CfuSkP4wRYSMcf+YnAEOFhhLjNJaMg+loQKrneFdMukYSCDjqnQ7CmT54V9eOSZZas25NC+WYSRxbtoX1URBY6RWV0hSqohih6RC/oHX0YT8ab8Wl8jVszxmRmF/0r4/sHI6+opw==</latexit><latexit sha1_base64="seKzqUF83YF7SUv06I4HY7y+xX0=">AAACNXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUGXFRFciFToDWbGkkkzbWjmQnJGqENfyo3v4UoXLhRx6yuYXkBteyDw8/3nkHN+LxZcgWm+GpmFxaXllexqbm19Y3Mrv71TV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPrXQz9xj2TikdhFfoxcwPSCbnPKQGNWvlrJyDQ9bz0coAdwXywcfEcP+Aj/GvYGriHczgeGXdV7Eje6YLbyhfMkjkqPCusiSigSVVa+WenHdEkYCFQQZSyLTMGNyUSOBVskHMSxWJCe6TDbC1DEjDlpqOrB/hAkzb2I6lfCHhE/06kJFCqH3i6c7iymvaGcJ5nJ+CfuSkP4wRYSMcf+YnAEOFhhLjNJaMg+loQKrneFdMukYSCDjqnQ7CmT54V9eOSZZas25NC+WYSRxbtoX1URBY6RWV0hSqohih6RC/oHX0YT8ab8Wl8jVszxmRmF/0r4/sHI6+opw==</latexit>

= E
⇥
A(z � E[z])(z � E[z])TAT

⇤
<latexit sha1_base64="F0LPWNfHoi68CGMbjzOysrSYQZQ="></latexit><latexit sha1_base64="F0LPWNfHoi68CGMbjzOysrSYQZQ="></latexit><latexit sha1_base64="F0LPWNfHoi68CGMbjzOysrSYQZQ="></latexit><latexit sha1_base64="F0LPWNfHoi68CGMbjzOysrSYQZQ="></latexit>

= AE
⇥
(z � E[z])(z � E[z])T

⇤
AT

<latexit sha1_base64="pw328AHpaXINklpMN5bcD2nBOJY="></latexit><latexit sha1_base64="pw328AHpaXINklpMN5bcD2nBOJY="></latexit><latexit sha1_base64="pw328AHpaXINklpMN5bcD2nBOJY="></latexit><latexit sha1_base64="pw328AHpaXINklpMN5bcD2nBOJY="></latexit>

= A⌃zA
T

<latexit sha1_base64="JrpyWl7jgKJDUr1EEHME26MkEe4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0IvQ4sWTVOwXtDFstpt26WYTdjeFGvpPvHhQxKv/xJv/xm2bg1YfDDzem2FmXpBwprTjfFmFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF3P/PaYSsVi0dCThHoRHggWMoK1kXzbvkI11Ltngwj7j6j20PDtslNx5kB/iZuTMuSo+/Znrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKTozSR2EsTQmN5urPiQxHSk2iwHRGWA/VsjcT//O6qQ4vvYyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX/5LWmcV16m4d+fl6m0eRxGO4BhOwYULqMIN1KEJBMbwBC/wamXWs/VmvS9aC1Y+cwi/YH18A39okk4=</latexit><latexit sha1_base64="JrpyWl7jgKJDUr1EEHME26MkEe4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0IvQ4sWTVOwXtDFstpt26WYTdjeFGvpPvHhQxKv/xJv/xm2bg1YfDDzem2FmXpBwprTjfFmFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF3P/PaYSsVi0dCThHoRHggWMoK1kXzbvkI11Ltngwj7j6j20PDtslNx5kB/iZuTMuSo+/Znrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKTozSR2EsTQmN5urPiQxHSk2iwHRGWA/VsjcT//O6qQ4vvYyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX/5LWmcV16m4d+fl6m0eRxGO4BhOwYULqMIN1KEJBMbwBC/wamXWs/VmvS9aC1Y+cwi/YH18A39okk4=</latexit><latexit sha1_base64="JrpyWl7jgKJDUr1EEHME26MkEe4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0IvQ4sWTVOwXtDFstpt26WYTdjeFGvpPvHhQxKv/xJv/xm2bg1YfDDzem2FmXpBwprTjfFmFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF3P/PaYSsVi0dCThHoRHggWMoK1kXzbvkI11Ltngwj7j6j20PDtslNx5kB/iZuTMuSo+/Znrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKTozSR2EsTQmN5urPiQxHSk2iwHRGWA/VsjcT//O6qQ4vvYyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX/5LWmcV16m4d+fl6m0eRxGO4BhOwYULqMIN1KEJBMbwBC/wamXWs/VmvS9aC1Y+cwi/YH18A39okk4=</latexit><latexit sha1_base64="JrpyWl7jgKJDUr1EEHME26MkEe4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0IvQ4sWTVOwXtDFstpt26WYTdjeFGvpPvHhQxKv/xJv/xm2bg1YfDDzem2FmXpBwprTjfFmFldW19Y3iZmlre2d3z94/aKk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GF3P/PaYSsVi0dCThHoRHggWMoK1kXzbvkI11Ltngwj7j6j20PDtslNx5kB/iZuTMuSo+/Znrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKTozSR2EsTQmN5urPiQxHSk2iwHRGWA/VsjcT//O6qQ4vvYyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX/5LWmcV16m4d+fl6m0eRxGO4BhOwYULqMIN1KEJBMbwBC/wamXWs/VmvS9aC1Y+cwi/YH18A39okk4=</latexit>



Properties of MVG
Marginal distribution

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>

x ⇠
<latexit sha1_base64="uFKV9EATKGS4OI6rVvY0O7z2Xqc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwTwgWcLspJMMmZldZmbFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjpolTzbDBYhHrdkQNCq6wYbkV2E40UhkJbEXjm5nfekRteKwe7CTBUNKh4gPOqHVS64l0DZekV674VX8OskqCnFQgR71X/ur2Y5ZKVJYJakwn8BMbZlRbzgROS93UYELZmA6x46iiEk2Yzc+dkjOn9Mkg1q6UJXP190RGpTETGblOSe3ILHsz8T+vk9rBdZhxlaQWFVssGqSC2JjMfid9rpFZMXGEMs3drYSNqKbMuoRKLoRg+eVV0ryoBn41uL+s1O7yOIpwAqdwDgFcQQ1uoQ4NYDCGZ3iFNy/xXrx372PRWvDymWP4A+/zB64Tjyk=</latexit><latexit sha1_base64="uFKV9EATKGS4OI6rVvY0O7z2Xqc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwTwgWcLspJMMmZldZmbFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjpolTzbDBYhHrdkQNCq6wYbkV2E40UhkJbEXjm5nfekRteKwe7CTBUNKh4gPOqHVS64l0DZekV674VX8OskqCnFQgR71X/ur2Y5ZKVJYJakwn8BMbZlRbzgROS93UYELZmA6x46iiEk2Yzc+dkjOn9Mkg1q6UJXP190RGpTETGblOSe3ILHsz8T+vk9rBdZhxlaQWFVssGqSC2JjMfid9rpFZMXGEMs3drYSNqKbMuoRKLoRg+eVV0ryoBn41uL+s1O7yOIpwAqdwDgFcQQ1uoQ4NYDCGZ3iFNy/xXrx372PRWvDymWP4A+/zB64Tjyk=</latexit><latexit sha1_base64="uFKV9EATKGS4OI6rVvY0O7z2Xqc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwTwgWcLspJMMmZldZmbFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjpolTzbDBYhHrdkQNCq6wYbkV2E40UhkJbEXjm5nfekRteKwe7CTBUNKh4gPOqHVS64l0DZekV674VX8OskqCnFQgR71X/ur2Y5ZKVJYJakwn8BMbZlRbzgROS93UYELZmA6x46iiEk2Yzc+dkjOn9Mkg1q6UJXP190RGpTETGblOSe3ILHsz8T+vk9rBdZhxlaQWFVssGqSC2JjMfid9rpFZMXGEMs3drYSNqKbMuoRKLoRg+eVV0ryoBn41uL+s1O7yOIpwAqdwDgFcQQ1uoQ4NYDCGZ3iFNy/xXrx372PRWvDymWP4A+/zB64Tjyk=</latexit><latexit sha1_base64="uFKV9EATKGS4OI6rVvY0O7z2Xqc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08SwTwgWcLspJMMmZldZmbFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7okRwY33/2yusrW9sbhW3Szu7e/sH5cOjpolTzbDBYhHrdkQNCq6wYbkV2E40UhkJbEXjm5nfekRteKwe7CTBUNKh4gPOqHVS64l0DZekV674VX8OskqCnFQgR71X/ur2Y5ZKVJYJakwn8BMbZlRbzgROS93UYELZmA6x46iiEk2Yzc+dkjOn9Mkg1q6UJXP190RGpTETGblOSe3ILHsz8T+vk9rBdZhxlaQWFVssGqSC2JjMfid9rpFZMXGEMs3drYSNqKbMuoRKLoRg+eVV0ryoBn41uL+s1O7yOIpwAqdwDgFcQQ1uoQ4NYDCGZ3iFNy/xXrx372PRWvDymWP4A+/zB64Tjyk=</latexit> N (µx,⌃xx)

<latexit sha1_base64="K+YVuzJAF8GBTggyp6JZWhv8H/Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICURQZcFN65KRfuAJoTJdNIOnUnCzERaQtZu/BU3LhRx6xe482+ctFlo9cCFwzn3cu89fsyoVJb1ZZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJX73XsiJI3COzWNicvRMKQBxUhpyTMPHY7UCCOWNjNYgw5PvMkpdG7pkCMvnUyyE8+sWnVrBviX2AWpggItz/x0BhFOOAkVZkjKvm3Fyk2RUBQzklWcRJIY4TEakr6mIeJEuunslQwea2UAg0joChWcqT8nUsSlnHJfd+aHy0UvF//z+okKLt2UhnGiSIjni4KEQRXBPBc4oIJgxaaaICyovhXiERIIK51eRYdgL778l3TO6rZVt2/Oq41mEUcZHIAjUAM2uAANcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BkJWmgM=</latexit><latexit sha1_base64="K+YVuzJAF8GBTggyp6JZWhv8H/Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICURQZcFN65KRfuAJoTJdNIOnUnCzERaQtZu/BU3LhRx6xe482+ctFlo9cCFwzn3cu89fsyoVJb1ZZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJX73XsiJI3COzWNicvRMKQBxUhpyTMPHY7UCCOWNjNYgw5PvMkpdG7pkCMvnUyyE8+sWnVrBviX2AWpggItz/x0BhFOOAkVZkjKvm3Fyk2RUBQzklWcRJIY4TEakr6mIeJEuunslQwea2UAg0joChWcqT8nUsSlnHJfd+aHy0UvF//z+okKLt2UhnGiSIjni4KEQRXBPBc4oIJgxaaaICyovhXiERIIK51eRYdgL778l3TO6rZVt2/Oq41mEUcZHIAjUAM2uAANcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BkJWmgM=</latexit><latexit sha1_base64="K+YVuzJAF8GBTggyp6JZWhv8H/Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICURQZcFN65KRfuAJoTJdNIOnUnCzERaQtZu/BU3LhRx6xe482+ctFlo9cCFwzn3cu89fsyoVJb1ZZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJX73XsiJI3COzWNicvRMKQBxUhpyTMPHY7UCCOWNjNYgw5PvMkpdG7pkCMvnUyyE8+sWnVrBviX2AWpggItz/x0BhFOOAkVZkjKvm3Fyk2RUBQzklWcRJIY4TEakr6mIeJEuunslQwea2UAg0joChWcqT8nUsSlnHJfd+aHy0UvF//z+okKLt2UhnGiSIjni4KEQRXBPBc4oIJgxaaaICyovhXiERIIK51eRYdgL778l3TO6rZVt2/Oq41mEUcZHIAjUAM2uAANcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BkJWmgM=</latexit><latexit sha1_base64="K+YVuzJAF8GBTggyp6JZWhv8H/Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICURQZcFN65KRfuAJoTJdNIOnUnCzERaQtZu/BU3LhRx6xe482+ctFlo9cCFwzn3cu89fsyoVJb1ZZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJX73XsiJI3COzWNicvRMKQBxUhpyTMPHY7UCCOWNjNYgw5PvMkpdG7pkCMvnUyyE8+sWnVrBviX2AWpggItz/x0BhFOOAkVZkjKvm3Fyk2RUBQzklWcRJIY4TEakr6mIeJEuunslQwea2UAg0joChWcqT8nUsSlnHJfd+aHy0UvF//z+okKLt2UhnGiSIjni4KEQRXBPBc4oIJgxaaaICyovhXiERIIK51eRYdgL778l3TO6rZVt2/Oq41mEUcZHIAjUAM2uAANcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BkJWmgM=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>

Prior mean



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>

‘error’ in y



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>

‘corrected error’ in y



Properties of MVG
Conditional distribution 

x | y ⇠
<latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit><latexit sha1_base64="PYmNhqJ4qsRnmFDd3bz4t19CLek=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiyepYD+gjWWz2bRLdzdhd6OG0P/hxYMiXv0v3vw3btsctPXBwOO9GWbmBQln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8dXU7zxQpVks70yWUF/goWQRI9hY6f4J9QULUYb6mgk0qNbcujsDWiZeQWpQoDmofvXDmKSCSkM41rrnuYnxc6wMI5xOKv1U0wSTMR7SnqUSC6r9fHb1BJ1YJURRrGxJg2bq74kcC60zEdhOgc1IL3pT8T+vl5ro0s+ZTFJDJZkvilKOTIymEaCQKUoMzyzBRDF7KyIjrDAxNqiKDcFbfHmZtM/qnlv3bs9rjZsijjIcwTGcggcX0IBraEILCCh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8AUhZkb4=</latexit>

N (µx + ⌃xy⌃
�1
yy (y � µy),⌃xx � ⌃xy⌃

�1
yy ⌃yx)

<latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit><latexit sha1_base64="WbfAnBm80HL6+seWYjytTp6Kv7g="></latexit>

µz
<latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit><latexit sha1_base64="mVx6qw00RYjis6wLqwBOAQFv05k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL54kgnlAsoTZyWwyZh7LzKwQl/yDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj65nffqTaMCXv7SShocBDyWJGsHVSqyfS/hPqlyt+1Z8DrZIgJxXI0eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr92is6cMkCx0q6kRXP190SGhTETEblOge3ILHsz8T+vm9r4KsyYTFJLJVksilOOrEKz19GAaUosnziCiWbuVkRGWGNiXUAlF0Kw/PIqaV1UA78a3F1W6rd5HEU4gVM4hwBqUIcbaEATCDzAM7zCm6e8F+/d+1i0Frx85hj+wPv8AU4sjvk=</latexit>

=


µx

µy

�

<latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit><latexit sha1_base64="OmC4ALwLUxoEvpzTNanpDttQn7o=">AAACFnicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXQjFNy4kgr2Ak0Ik+lpO3QyCTMTaQh9Cje+ihsXirgVd76N0zaIth4Y+Pj/c5hz/iDmTGnb/rIKS8srq2vF9dLG5tb2Tnl3r6miRFJo0IhHsh0QBZwJaGimObRjCSQMOLSC4dXEb92DVCwSdzqNwQtJX7Aeo0QbyS+fXGI3gD4TWRASLdlo7IaJP8KuiyeQYhdE98fzyxW7ak8LL4KTQwXlVffLn243okkIQlNOlOo4dqy9jEjNKIdxyU0UxIQOSR86BgUJQXnZ9KwxPjJKF/ciaZ7QeKr+nshIqFQaBqbT7DdQ895E/M/rJLp34WVMxIkGQWcf9RKOdYQnGeEuk0A1Tw0QKpnZFdMBkYRqk2TJhODMn7wIzdOqY1ed27NK7SaPo4gO0CE6Rg46RzV0jeqogSh6QE/oBb1aj9az9Wa9z1oLVj6zj/6U9fEN9kGf6w==</latexit>

=


⌃xx ⌃xy

⌃yx ⌃yy

�

<latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit><latexit sha1_base64="kh/6luJgrrB9X0lVixmxzlWUW6A="></latexit>

⌃z
<latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit><latexit sha1_base64="9fCxsS/0vW5uYkbVmB8iFZxXF9o=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF08S0cTAZgmzk9lkyDyWmVkhLvkMLx4U8erXePNvnCR70MSChqKqm+6uOOXMWN//9korq2vrG+XNytb2zu5edf+gbVSmCW0RxZXuxNhQziRtWWY57aSaYhFz+hCPrqb+wyPVhil5b8cpjQQeSJYwgq2Twu4dGwjcy58mqFet+XV/BrRMgoLUoECzV/3q9hXJBJWWcGxMGPipjXKsLSOcTirdzNAUkxEe0NBRiQU1UT47eYJOnNJHidKupEUz9fdEjoUxYxG7ToHt0Cx6U/E/L8xschnlTKaZpZLMFyUZR1ah6f+ozzQllo8dwUQzdysiQ6wxsS6ligshWHx5mbTP6oFfD27Pa42bIo4yHMExnEIAF9CAa2hCCwgoeIZXePOs9+K9ex/z1pJXzBzCH3ifPykUkTI=</latexit>

Implication for x of error in y



Where to learn more about MVGs

• Previous semester lecture notes


• More rigorous proofs: Michael Jordan’s WIP textbook 
http://people.eecs.berkeley.edu/~jordan/prelims/chapter13.pdf


