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Predict the future:
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Let’s revisit prediction (at test time):

……

Non-parametric methods 
directly model the joint 
conditional distribution!
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Linear Regression with no noise:

Feature vector
y = wT�(x)

<latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit>

• In many applications, one relies on 
generic smoothness assumptions:
• If two inputs x and xʹ then outputs 

(y and yʹ) should be similar. 



Let’s integrate ! out to get                             :
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Linear Regression with no noise:

Feature vector

y =
⇥
y1, · · · , yN

⇤
<latexit sha1_base64="IGIXzZKQ5d/W5fie3MESEqKNWeE="></latexit><latexit sha1_base64="IGIXzZKQ5d/W5fie3MESEqKNWeE="></latexit><latexit sha1_base64="IGIXzZKQ5d/W5fie3MESEqKNWeE="></latexit><latexit sha1_base64="IGIXzZKQ5d/W5fie3MESEqKNWeE="></latexit>

y = wT�(x)
<latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit><latexit sha1_base64="xUfuUXbFhQJcEix9FUUwRllp+1E="></latexit>

covariance function 

What if instead of " # , we specify %(#', #) directly?
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• The covariance function controls the behavior of the 
prediction function (! → #) implicitly.

• Examples of $(!, !′) :

Squared Exponential Linear

Non-StationaryStationary

Matern

kx� x0k⌫K⌫(kx� x0k)
<latexit sha1_base64="C1nPA1HgRuLhdx7vbtg3GrMeSQ4="></latexit><latexit sha1_base64="C1nPA1HgRuLhdx7vbtg3GrMeSQ4="></latexit><latexit sha1_base64="C1nPA1HgRuLhdx7vbtg3GrMeSQ4="></latexit><latexit sha1_base64="C1nPA1HgRuLhdx7vbtg3GrMeSQ4="></latexit>

Jupyter Demo!
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• The covariance function controls the behavior of the 

prediction function (! → #) implicitly.

• The $(!, !′) specifies the prior over functions.

• Potentially, the )(!) function can be infinite dimensional 
which can be viewed as basis function for *(!).

• k is a covariance ⇒ k is a positive semi-definite function 
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<latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit>

[
<latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit>

h�(x1),�(x1)i
<latexit sha1_base64="rXYLI3aJVrXEhtIkf6y5mhODXPc="></latexit><latexit sha1_base64="rXYLI3aJVrXEhtIkf6y5mhODXPc="></latexit><latexit sha1_base64="rXYLI3aJVrXEhtIkf6y5mhODXPc="></latexit><latexit sha1_base64="rXYLI3aJVrXEhtIkf6y5mhODXPc="></latexit>

h�(x1),�(xn)i
<latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nInrk/7OIyzq+qIxQ2zQhT4C6vw="></latexit><latexit sha1_base64="nInrk/7OIyzq+qIxQ2zQhT4C6vw="></latexit><latexit sha1_base64="99vPvgoD/E0lKg/maJUMyyu++UE="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit><latexit sha1_base64="p3U+J1WqEJhfFNycGSqzm0U9gno="></latexit>

h�(xn),�(x1)i
<latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="csm12DMLq7wRDkg3ON2Y7E8CGks="></latexit><latexit sha1_base64="csm12DMLq7wRDkg3ON2Y7E8CGks="></latexit><latexit sha1_base64="sJ/83meVV4Q2EipgwCfzLG+FKLo="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit><latexit sha1_base64="PL5Vauj3h5gHhFAqlezMFrtuvwQ="></latexit>

h�(xn),�(xn)i
<latexit sha1_base64="gjxxAA1i6tQ6UQw61DY3PiyAYew="></latexit><latexit sha1_base64="gjxxAA1i6tQ6UQw61DY3PiyAYew="></latexit><latexit sha1_base64="gjxxAA1i6tQ6UQw61DY3PiyAYew="></latexit><latexit sha1_base64="gjxxAA1i6tQ6UQw61DY3PiyAYew="></latexit>

KXX =
<latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9Liw UXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sgwfcNhiRp1Qr5BtiDOU/GeMb8E=">AAADt3icfVJba9swFFbsXTqv29K97kWsBBIIwe7L9rAbtLvAXjJYWgfLGFlREq2y7EnyaDD+k3va/s3kS0hz6QTGn77znaPvHE6ccaa06/7tWPa9+w8eHj1yHh8/efqse3J8qdJcEjohKU+lH2NFORN0opnm1M8kxUnM6VV8fV7Fr35RqVgqvutVRsMELwSbM4K1oaKTzp8eSvLIh28hSrBexnHxsQwgypbMkKHTW7Pjsu8Ptq 7T+ppH071cxQxZ5TZVEBONgGBefCorvlZs8Z8N7zu9aftERZ2XUTH1y8PlUapZQtUdToeVufWvkQybxMGuHYjaQredIE1vdHHB8KIMxqbxEO748g/4aprd98XpXL+pif5N5A2GGwiRZIulfvcf0dmdIrERiY3o69pb1D11R2594D7wWnAK2jOOur/RLCV5QoUmHCsVeG6mwwJLzQinpYNyRTNMrvGCBgYKbNoMi3oFS9gzzAzOU2k+oWHN3s4ocKLUKomNspqZ2o1V5KFYkOv567BgIss1FaR5aJ5zqFNY7TOcMUmJ5isDMJHMeIVkiSUm2my9Y4bg7ba8Dy7PRp478r654Ai8AC9BH3jgFfgAvoAxmABivbeoJazUvrB/2D+bcVmddm7Pwdax1T/XqCjT</latexit><latexit sha1_base64="sgwfcNhiRp1Qr5BtiDOU/GeMb8E=">AAADt3icfVJba9swFFbsXTqv29K97kWsBBIIwe7L9rAbtLvAXjJYWgfLGFlREq2y7EnyaDD+k3va/s3kS0hz6QTGn77znaPvHE6ccaa06/7tWPa9+w8eHj1yHh8/efqse3J8qdJcEjohKU+lH2NFORN0opnm1M8kxUnM6VV8fV7Fr35RqVgqvutVRsMELwSbM4K1oaKTzp8eSvLIh28hSrBexnHxsQwgypbMkKHTW7Pjsu8Ptq 7T+ppH071cxQxZ5TZVEBONgGBefCorvlZs8Z8N7zu9aftERZ2XUTH1y8PlUapZQtUdToeVufWvkQybxMGuHYjaQredIE1vdHHB8KIMxqbxEO748g/4aprd98XpXL+pif5N5A2GGwiRZIulfvcf0dmdIrERiY3o69pb1D11R2594D7wWnAK2jOOur/RLCV5QoUmHCsVeG6mwwJLzQinpYNyRTNMrvGCBgYKbNoMi3oFS9gzzAzOU2k+oWHN3s4ocKLUKomNspqZ2o1V5KFYkOv567BgIss1FaR5aJ5zqFNY7TOcMUmJ5isDMJHMeIVkiSUm2my9Y4bg7ba8Dy7PRp478r654Ai8AC9BH3jgFfgAvoAxmABivbeoJazUvrB/2D+bcVmddm7Pwdax1T/XqCjT</latexit><latexit sha1_base64="3YCu1g3hIHPax9ImFemoDRDhh8U=">AAADwnicfVJbb9MwFHYTYCPcOnjkxaKq1EpVlexlPDCY2LhIvBSJbqmaKHJcpzVznGA7aFXIn+QJ/g3Opep6GZaifP7Od46/c3TClFGpbPtvyzDv3X9wcPjQevT4ydNn7aPnlzLJBCZjnLBEuCGShFFOxooqRtxUEBSHjFyF1+dl/OonEZIm/JtapsSP0ZzTiGKkNBUctf50vTgLXHgKvRipRRjmH4op9NIF1aRvdVfsqOi5/Y 3rpLpmwWQnV1JNlrl1FY/yWoARyz8WJV8pNvhPmnet7qR5oqTOiyCfuMX+8l6iaEzkHU4HpbnVr5YM6sT+th3oNYVuO/EUuVH5BUXzYjrSjftwy5e7x1fd7K4vRiL1piJ6N4HTH6wh9ASdL9Tb/4iO7xTxtYivRV9W3oJ2xx7a1YG7wGlABzRnFLR/e7MEZzHhCjMk5dSxU+XnSCiKGSksL5MkRfgazclUQ450m35erWABu5qZwSgR+uMKVuztjBzFUi7jUCvLmcntWEnui00zFb32c8rTTBGO64eijEGVwHKf4YwKghVbaoCwoNorxAskEFZ66y09BGe75V1weTx07KHz1e6cvW/GcQheglegBxxwAs7AZzACY4CNdwYxuJGYF+Z384cpa6nRanJegI1j/voHvIIp/g==</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit><latexit sha1_base64="1TuZb4mAFPYBBASbLOS3IHJ02A0=">AAADwnicfVJba9swFFbsbe28W7o97kUsBBIIwS6D9WGXsnYX2EsGS+sQGyMrcqJVlj1JHg2e/+Setn8z+RLSXDqB8afvfOfoO4cTpoxKZdt/W4Z55+69g8P71oOHjx4/aR89vZBJJjAZ44Qlwg2RJIxyMlZUMeKmgqA4ZOQyvDor45c/iZA04d/UMiV+jOacRhQjpangqPWn68VZ4MI30IuRWoRh/qGYQi9dUE36VnfFjoqe29 +4TqprFkx2ciXVZJlbV/EorwUYsfxjUfKVYoP/pHnX6k6aJ0rqrAjyiVvsL+8lisZE3uJ0UJpb/WrJoE7sb9uBXlPophNPkWuVn1M0L6Yj3bgPt3y5e3zVze76YiRSryuidx04/cEaQk/Q+UK9/Y/o+FYRX4v4WvRl5S1od+yhXR24C5wGdEBzRkH7tzdLcBYTrjBDUk4dO1V+joSimJHC8jJJUoSv0JxMNeRIt+nn1QoWsKuZGYwSoT+uYMXezMhRLOUyDrWynJncjpXkvtg0U9GJn1OeZopwXD8UZQyqBJb7DGdUEKzYUgOEBdVeIV4ggbDSW2/pITjbLe+Ci+OhYw+dry87p++bcRyC5+AF6AEHvAKn4DMYgTHAxjuDGNxIzHPzu/nDlLXUaDU5z8DGMX/9A73CKgI=</latexit>

· · ·<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>

· · ·<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>

· · ·
<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>

··
·

<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>··
·

<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>

k(x1, xn)
<latexit sha1_base64="VYvQP8SggF8lsCXeX4ZIcdpIv7g="></latexit><latexit sha1_base64="VYvQP8SggF8lsCXeX4ZIcdpIv7g="></latexit><latexit sha1_base64="VYvQP8SggF8lsCXeX4ZIcdpIv7g="></latexit><latexit sha1_base64="VYvQP8SggF8lsCXeX4ZIcdpIv7g="></latexit>
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[
<latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit><latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit>

[
<latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit> <latexit sha1_base64="7H7VmPT1pirTLMtoORJA3jAGBeE="></latexit>

�(x1)
<latexit sha1_base64="vjOV4P1jMaUX+DmbmhZcuyIB4P8="></latexit><latexit sha1_base64="vjOV4P1jMaUX+DmbmhZcuyIB4P8="></latexit><latexit sha1_base64="vjOV4P1jMaUX+DmbmhZcuyIB4P8="></latexit><latexit sha1_base64="vjOV4P1jMaUX+DmbmhZcuyIB4P8="></latexit>

�(x2)
<latexit sha1_base64="0qRuIouA0o9J7gB+6GIq3uA1sJk="></latexit><latexit sha1_base64="0qRuIouA0o9J7gB+6GIq3uA1sJk="></latexit><latexit sha1_base64="0qRuIouA0o9J7gB+6GIq3uA1sJk="></latexit><latexit sha1_base64="0qRuIouA0o9J7gB+6GIq3uA1sJk="></latexit>

�(xN )
<latexit sha1_base64="W4LIk/qw/46DQC7TyPyplvdaFjc="></latexit><latexit sha1_base64="W4LIk/qw/46DQC7TyPyplvdaFjc="></latexit><latexit sha1_base64="W4LIk/qw/46DQC7TyPyplvdaFjc="></latexit><latexit sha1_base64="W4LIk/qw/46DQC7TyPyplvdaFjc="></latexit>

· · ·<latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="8Mcf6JAC1rh3dywZQvcQnOsfWqw="></latexit><latexit sha1_base64="TaNzZU4v1eALioNhKkIINARpdW8="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit><latexit sha1_base64="GP/nShZJWoUdN3u3xp5cLhVla7w="></latexit>

�X =
<latexit sha1_base64="BdEyrEFLyPX/6S9CrwwfswUqprM="></latexit><latexit sha1_base64="BdEyrEFLyPX/6S9CrwwfswUqprM="></latexit><latexit sha1_base64="BdEyrEFLyPX/6S9CrwwfswUqprM="></latexit><latexit sha1_base64="BdEyrEFLyPX/6S9CrwwfswUqprM="></latexit>

• !"is an operator that maps #$ to functions ℱ.
• &"" = Φ")Φ"
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• The Gaussian process (GP) as a prior on functions.

• Covariance function and hyperparameters reflect the prior 
belief on function smoothness, length scales etc.

• A GP is a collection of random variables, any finite number of 
which have a joint Gaussian distribution.

Infinite dimension: Finite dimension:
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• The Gaussian process (GP) as a prior on functions.

• Covariance function and hyperparameters reflect the prior 
belief on function smoothness, length scales etc.

• A GP is a collection of random variables, any finite number of 
which have a joint Gaussian distribution.

• Easy inference for the regression.
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Regression Case:

f⇤(X⇤) =

2

64
f⇤(x⇤

1)
f⇤(x⇤

2)
...

3

75

<latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3dQ6SxT7R87zp8bMlLUIdw1+DaA="></latexit><latexit sha1_base64="3dQ6SxT7R87zp8bMlLUIdw1+DaA="></latexit><latexit sha1_base64="1VbNkGInWaJXqJpdqLqxzmI8uk4="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3dQ6SxT7R87zp8bMlLUIdw1+DaA="></latexit><latexit sha1_base64="3dQ6SxT7R87zp8bMlLUIdw1+DaA="></latexit><latexit sha1_base64="1VbNkGInWaJXqJpdqLqxzmI8uk4="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit><latexit sha1_base64="Gu7mm1+zjAOIVAdXc2GWLGgwe3g="></latexit>

f(X) =

2

64
f(x1)
f(x2)

...

3

75

<latexit sha1_base64="8TA/bz+fBhnTYzQQUZa/BXGf4b8="></latexit><latexit sha1_base64="8TA/bz+fBhnTYzQQUZa/BXGf4b8="></latexit><latexit sha1_base64="8TA/bz+fBhnTYzQQUZa/BXGf4b8="></latexit><latexit sha1_base64="8TA/bz+fBhnTYzQQUZa/BXGf4b8="></latexit>
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Regression Case:



21

�

	�	
�	��
����� �����
������


Classification Case:

Not closed-form!What if we approximate the likelihood 
term to look like a Gaussian?
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Use Taylor expansion around !∗:
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Using maximum likelihood to learn the parameters of the 
kernel (!)?

"# absorbs the effect of noise variance 
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Example:

Data: This famous dataset compiles the monthly CO2 concentration in Hawaii 
since 1958. 
Task: Predict the concentration for the next 20 years. 

Figures Credit: Nicolas Durrande
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Example:

Data: This famous dataset compiles the monthly CO2 concentration in Hawaii 
since 1958. 
Task: Predict the concentration for the next 20 years. 

Figures Credit: Nicolas Durrande
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Figures Credit: Nicolas Durrande

Terrible!
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Figures Credit: Nicolas Durrande

Meh…!
What about the oscillations?

Much better!
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How can we extend this idea to 
Graphical Model?
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• Parametric forms of conditional

N (µ,�)
<latexit sha1_base64="xEN2da6kU5vmbozW7hcuFMO7AKo=">AAACAHicbVBNS8NAEN34WetX1IMHL8EiVJCSiKDHohdPUsF+QBPKZLttl+5uwu5GKCEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxowq7brf1tLyyuraemmjvLm1vbNr7+23VJRITJo4YpHshKAIo4I0NdWMdGJJgIeMtMPxTe63H4lUNBIPehKTgMNQ0AHFoI3Usw99DnqEgaV3WdXnyZmv6JDDac+uuDV3CmeReAWpoAKNnv3l9yOccCI0ZqBU13NjHaQgNcWMZGU/USQGPIYh6RoqgBMVpNMHMufEKH1nEElTQjtT9fdEClypCQ9NZ36umvdy8T+vm+jBVZBSESeaCDxbNEiYoyMnT8PpU0mwZhNDAEtqbnXwCCRgbTIrmxC8+ZcXSeu85rk17/6iUr8u4iihI3SMqshDl6iOblEDNRFGGXpGr+jNerJerHfrY9a6ZBUzB+gPrM8fUlOWNQ==</latexit><latexit sha1_base64="xEN2da6kU5vmbozW7hcuFMO7AKo=">AAACAHicbVBNS8NAEN34WetX1IMHL8EiVJCSiKDHohdPUsF+QBPKZLttl+5uwu5GKCEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxowq7brf1tLyyuraemmjvLm1vbNr7+23VJRITJo4YpHshKAIo4I0NdWMdGJJgIeMtMPxTe63H4lUNBIPehKTgMNQ0AHFoI3Usw99DnqEgaV3WdXnyZmv6JDDac+uuDV3CmeReAWpoAKNnv3l9yOccCI0ZqBU13NjHaQgNcWMZGU/USQGPIYh6RoqgBMVpNMHMufEKH1nEElTQjtT9fdEClypCQ9NZ36umvdy8T+vm+jBVZBSESeaCDxbNEiYoyMnT8PpU0mwZhNDAEtqbnXwCCRgbTIrmxC8+ZcXSeu85rk17/6iUr8u4iihI3SMqshDl6iOblEDNRFGGXpGr+jNerJerHfrY9a6ZBUzB+gPrM8fUlOWNQ==</latexit><latexit sha1_base64="xEN2da6kU5vmbozW7hcuFMO7AKo=">AAACAHicbVBNS8NAEN34WetX1IMHL8EiVJCSiKDHohdPUsF+QBPKZLttl+5uwu5GKCEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxowq7brf1tLyyuraemmjvLm1vbNr7+23VJRITJo4YpHshKAIo4I0NdWMdGJJgIeMtMPxTe63H4lUNBIPehKTgMNQ0AHFoI3Usw99DnqEgaV3WdXnyZmv6JDDac+uuDV3CmeReAWpoAKNnv3l9yOccCI0ZqBU13NjHaQgNcWMZGU/USQGPIYh6RoqgBMVpNMHMufEKH1nEElTQjtT9fdEClypCQ9NZ36umvdy8T+vm+jBVZBSESeaCDxbNEiYoyMnT8PpU0mwZhNDAEtqbnXwCCRgbTIrmxC8+ZcXSeu85rk17/6iUr8u4iihI3SMqshDl6iOblEDNRFGGXpGr+jNerJerHfrY9a6ZBUzB+gPrM8fUlOWNQ==</latexit><latexit sha1_base64="xEN2da6kU5vmbozW7hcuFMO7AKo=">AAACAHicbVBNS8NAEN34WetX1IMHL8EiVJCSiKDHohdPUsF+QBPKZLttl+5uwu5GKCEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxowq7brf1tLyyuraemmjvLm1vbNr7+23VJRITJo4YpHshKAIo4I0NdWMdGJJgIeMtMPxTe63H4lUNBIPehKTgMNQ0AHFoI3Usw99DnqEgaV3WdXnyZmv6JDDac+uuDV3CmeReAWpoAKNnv3l9yOccCI0ZqBU13NjHaQgNcWMZGU/USQGPIYh6RoqgBMVpNMHMufEKH1nEElTQjtT9fdEClypCQ9NZ36umvdy8T+vm+jBVZBSESeaCDxbNEiYoyMnT8PpU0mwZhNDAEtqbnXwCCRgbTIrmxC8+ZcXSeu85rk17/6iUr8u4iihI3SMqshDl6iOblEDNRFGGXpGr+jNerJerHfrY9a6ZBUzB+gPrM8fUlOWNQ==</latexit>

Discrete Continuous

• Can we make it non-parametric?
• Key idea: represent this distribution 

with a small vector !"
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µX =
<latexit sha1_base64="HrgKAd4V0y84nLlCqkGAQBlMZY8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMXkiXMTmaTITOz6zyEsOQnvHhQxKu/482/cZLsQRMLGoqqbrq74owzbXz/2yutrK6tb5Q3K1vbO7t71f2Dtk6tIrRFUp6qMMaaciZpyzDDaZgpikXM6UM8upn6D09UaZbKezPOaCTwQLKEEWycFHaF7YXoCvWqNb/uz4CWSVCQGhRo9qpf3X5KrKDSEI617gR+ZqIcK8MIp5NK12qaYTLCA9pxVGJBdZTP7p2gE6f0UZIqV9Kgmfp7IsdC67GIXafAZqgXvan4n9exJrmMciYza6gk80WJ5cikaPo86jNFieFjRzBRzN2KyBArTIyLqOJCCBZfXibts3rg14O781rjuoijDEdwDKcQwAU04Baa0AICHJ7hFd68R+/Fe/c+5q0lr5g5hD/wPn8A8h+PPA==</latexit><latexit sha1_base64="HrgKAd4V0y84nLlCqkGAQBlMZY8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMXkiXMTmaTITOz6zyEsOQnvHhQxKu/482/cZLsQRMLGoqqbrq74owzbXz/2yutrK6tb5Q3K1vbO7t71f2Dtk6tIrRFUp6qMMaaciZpyzDDaZgpikXM6UM8upn6D09UaZbKezPOaCTwQLKEEWycFHaF7YXoCvWqNb/uz4CWSVCQGhRo9qpf3X5KrKDSEI617gR+ZqIcK8MIp5NK12qaYTLCA9pxVGJBdZTP7p2gE6f0UZIqV9Kgmfp7IsdC67GIXafAZqgXvan4n9exJrmMciYza6gk80WJ5cikaPo86jNFieFjRzBRzN2KyBArTIyLqOJCCBZfXibts3rg14O781rjuoijDEdwDKcQwAU04Baa0AICHJ7hFd68R+/Fe/c+5q0lr5g5hD/wPn8A8h+PPA==</latexit><latexit sha1_base64="HrgKAd4V0y84nLlCqkGAQBlMZY8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMXkiXMTmaTITOz6zyEsOQnvHhQxKu/482/cZLsQRMLGoqqbrq74owzbXz/2yutrK6tb5Q3K1vbO7t71f2Dtk6tIrRFUp6qMMaaciZpyzDDaZgpikXM6UM8upn6D09UaZbKezPOaCTwQLKEEWycFHaF7YXoCvWqNb/uz4CWSVCQGhRo9qpf3X5KrKDSEI617gR+ZqIcK8MIp5NK12qaYTLCA9pxVGJBdZTP7p2gE6f0UZIqV9Kgmfp7IsdC67GIXafAZqgXvan4n9exJrmMciYza6gk80WJ5cikaPo86jNFieFjRzBRzN2KyBArTIyLqOJCCBZfXibts3rg14O781rjuoijDEdwDKcQwAU04Baa0AICHJ7hFd68R+/Fe/c+5q0lr5g5hD/wPn8A8h+PPA==</latexit><latexit sha1_base64="HrgKAd4V0y84nLlCqkGAQBlMZY8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjBBMXkiXMTmaTITOz6zyEsOQnvHhQxKu/482/cZLsQRMLGoqqbrq74owzbXz/2yutrK6tb5Q3K1vbO7t71f2Dtk6tIrRFUp6qMMaaciZpyzDDaZgpikXM6UM8upn6D09UaZbKezPOaCTwQLKEEWycFHaF7YXoCvWqNb/uz4CWSVCQGhRo9qpf3X5KrKDSEI617gR+ZqIcK8MIp5NK12qaYTLCA9pxVGJBdZTP7p2gE6f0UZIqV9Kgmfp7IsdC67GIXafAZqgXvan4n9exJrmMciYza6gk80WJ5cikaPo86jNFieFjRzBRzN2KyBArTIyLqOJCCBZfXibts3rg14O781rjuoijDEdwDKcQwAU04Baa0AICHJ7hFd68R+/Fe/c+5q0lr5g5hD/wPn8A8h+PPA==</latexit> (

<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

E[X]
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<latexit sha1_base64="HRF6JM2eLQ5wssYm4t+Ng+iueYk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LIrisYB+QxjKZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcp373UcqFYvFvZ4m1I/wSLCQEayNNLCr/QjrcRBkNzOv99DwB3bNqTtzoFXiFqQGBVoD+6s/jEkaUaEJx0p5rpNoP8NSM8LprNJPFU0wmeAR9QwVOKLKz+bBZ+jUKEMUxtI8odFc/b2R4UipaRSYyTymWvZy8T/PS3V46WdMJKmmgiwOhSlHOkZ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAuf3mVdBp116m7d+e15lVRRxmO4QTOwIULaMIttKANBFJ4hld4s56sF+vd+liMlqxi5wj+wPr8AWh2kug=</latexit><latexit sha1_base64="HRF6JM2eLQ5wssYm4t+Ng+iueYk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LIrisYB+QxjKZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcp373UcqFYvFvZ4m1I/wSLCQEayNNLCr/QjrcRBkNzOv99DwB3bNqTtzoFXiFqQGBVoD+6s/jEkaUaEJx0p5rpNoP8NSM8LprNJPFU0wmeAR9QwVOKLKz+bBZ+jUKEMUxtI8odFc/b2R4UipaRSYyTymWvZy8T/PS3V46WdMJKmmgiwOhSlHOkZ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAuf3mVdBp116m7d+e15lVRRxmO4QTOwIULaMIttKANBFJ4hld4s56sF+vd+liMlqxi5wj+wPr8AWh2kug=</latexit><latexit sha1_base64="HRF6JM2eLQ5wssYm4t+Ng+iueYk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LIrisYB+QxjKZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcp373UcqFYvFvZ4m1I/wSLCQEayNNLCr/QjrcRBkNzOv99DwB3bNqTtzoFXiFqQGBVoD+6s/jEkaUaEJx0p5rpNoP8NSM8LprNJPFU0wmeAR9QwVOKLKz+bBZ+jUKEMUxtI8odFc/b2R4UipaRSYyTymWvZy8T/PS3V46WdMJKmmgiwOhSlHOkZ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAuf3mVdBp116m7d+e15lVRRxmO4QTOwIULaMIttKANBFJ4hld4s56sF+vd+liMlqxi5wj+wPr8AWh2kug=</latexit><latexit sha1_base64="HRF6JM2eLQ5wssYm4t+Ng+iueYk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyUpgi6LIrisYB+QxjKZTtqhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcp373UcqFYvFvZ4m1I/wSLCQEayNNLCr/QjrcRBkNzOv99DwB3bNqTtzoFXiFqQGBVoD+6s/jEkaUaEJx0p5rpNoP8NSM8LprNJPFU0wmeAR9QwVOKLKz+bBZ+jUKEMUxtI8odFc/b2R4UipaRSYyTymWvZy8T/PS3V46WdMJKmmgiwOhSlHOkZ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAuf3mVdBp116m7d+e15lVRRxmO4QTOwIULaMIttKANBFJ4hld4s56sF+vd+liMlqxi5wj+wPr8AWh2kug=</latexit>

E[X3]
<latexit sha1_base64="Gek/hxt2IduqLz6NcSwCn+URoWM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQZdFEVxWsA9IY5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvs79ziOVisXiXk8S6kd4KFjICNZG6tvVXoT1KAiym6nXfTjz+3bNqTszoGXiFqQGBZp9+6s3iEkaUaEJx0p5rpNoP8NSM8LptNJLFU0wGeMh9QwVOKLKz2bBp+jYKAMUxtI8odFM/b2R4UipSRSYyTymWvRy8T/PS3V46WdMJKmmgswPhSlHOkZ5C2jAJCWaTwzBRDKTFZERlpho01XFlOAufnmZtE/rrlN3785rjauijjIcwhGcgAsX0IBbaEILCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A2n7kuk=</latexit><latexit sha1_base64="Gek/hxt2IduqLz6NcSwCn+URoWM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQZdFEVxWsA9IY5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvs79ziOVisXiXk8S6kd4KFjICNZG6tvVXoT1KAiym6nXfTjz+3bNqTszoGXiFqQGBZp9+6s3iEkaUaEJx0p5rpNoP8NSM8LptNJLFU0wGeMh9QwVOKLKz2bBp+jYKAMUxtI8odFM/b2R4UipSRSYyTymWvRy8T/PS3V46WdMJKmmgswPhSlHOkZ5C2jAJCWaTwzBRDKTFZERlpho01XFlOAufnmZtE/rrlN3785rjauijjIcwhGcgAsX0IBbaEILCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A2n7kuk=</latexit><latexit sha1_base64="Gek/hxt2IduqLz6NcSwCn+URoWM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQZdFEVxWsA9IY5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvs79ziOVisXiXk8S6kd4KFjICNZG6tvVXoT1KAiym6nXfTjz+3bNqTszoGXiFqQGBZp9+6s3iEkaUaEJx0p5rpNoP8NSM8LptNJLFU0wGeMh9QwVOKLKz2bBp+jYKAMUxtI8odFM/b2R4UipSRSYyTymWvRy8T/PS3V46WdMJKmmgswPhSlHOkZ5C2jAJCWaTwzBRDKTFZERlpho01XFlOAufnmZtE/rrlN3785rjauijjIcwhGcgAsX0IBbaEILCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A2n7kuk=</latexit><latexit sha1_base64="Gek/hxt2IduqLz6NcSwCn+URoWM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQZdFEVxWsA9IY5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZVWVtfWN8qbla3tnd2qvbffVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvs79ziOVisXiXk8S6kd4KFjICNZG6tvVXoT1KAiym6nXfTjz+3bNqTszoGXiFqQGBZp9+6s3iEkaUaEJx0p5rpNoP8NSM8LptNJLFU0wGeMh9QwVOKLKz2bBp+jYKAMUxtI8odFM/b2R4UipSRSYyTymWvRy8T/PS3V46WdMJKmmgswPhSlHOkZ5C2jAJCWaTwzBRDKTFZERlpho01XFlOAufnmZtE/rrlN3785rjauijjIcwhGcgAsX0IBbaEILCKTwDK/wZj1ZL9a79TEfLVnFzgH8gfX5A2n7kuk=</latexit>

··
·

<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

Not enough!

Right idea but not exactly….

• !" is an infinite dimensional vector space.
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We leave detail discussion to a future. Here is a general idea:

Original Space RKHS Space

µX = E[�X ]
<latexit sha1_base64="jioiZqRPfjJGHNIwOtseyx4XLgE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0I1QFMFlBfuAJITJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57opRRpR3n26osLa+srlXXaxubW9s79u5eRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91odF343QciFU3EvR6nJOBoIGhMMdJGCu1Dn2dhD15CnyM9jKL8ZuJBPx1SIwahXXcazhRwkbglqYMSrdD+8vsJzjgRGjOklOc6qQ5yJDXFjExqfqZIivAIDYhnqECcqCCffjGBx0bpwziRpoSGU/X3RI64UmMemc7iVjXvFeJ/npfp+CLIqUgzTQSeLYozBnUCi0hgn0qCNRsbgrCk5laIh0girE1wNROCO//yIumcNlyn4d6d1ZtXZRxVcACOwAlwwTloglvQAm2AwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD+SKl4g=</latexit><latexit sha1_base64="jioiZqRPfjJGHNIwOtseyx4XLgE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0I1QFMFlBfuAJITJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57opRRpR3n26osLa+srlXXaxubW9s79u5eRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91odF343QciFU3EvR6nJOBoIGhMMdJGCu1Dn2dhD15CnyM9jKL8ZuJBPx1SIwahXXcazhRwkbglqYMSrdD+8vsJzjgRGjOklOc6qQ5yJDXFjExqfqZIivAIDYhnqECcqCCffjGBx0bpwziRpoSGU/X3RI64UmMemc7iVjXvFeJ/npfp+CLIqUgzTQSeLYozBnUCi0hgn0qCNRsbgrCk5laIh0girE1wNROCO//yIumcNlyn4d6d1ZtXZRxVcACOwAlwwTloglvQAm2AwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD+SKl4g=</latexit><latexit sha1_base64="jioiZqRPfjJGHNIwOtseyx4XLgE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0I1QFMFlBfuAJITJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57opRRpR3n26osLa+srlXXaxubW9s79u5eRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91odF343QciFU3EvR6nJOBoIGhMMdJGCu1Dn2dhD15CnyM9jKL8ZuJBPx1SIwahXXcazhRwkbglqYMSrdD+8vsJzjgRGjOklOc6qQ5yJDXFjExqfqZIivAIDYhnqECcqCCffjGBx0bpwziRpoSGU/X3RI64UmMemc7iVjXvFeJ/npfp+CLIqUgzTQSeLYozBnUCi0hgn0qCNRsbgrCk5laIh0girE1wNROCO//yIumcNlyn4d6d1ZtXZRxVcACOwAlwwTloglvQAm2AwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD+SKl4g=</latexit><latexit sha1_base64="jioiZqRPfjJGHNIwOtseyx4XLgE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0I1QFMFlBfuAJITJdNIOnZmEmYlQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57opRRpR3n26osLa+srlXXaxubW9s79u5eRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91odF343QciFU3EvR6nJOBoIGhMMdJGCu1Dn2dhD15CnyM9jKL8ZuJBPx1SIwahXXcazhRwkbglqYMSrdD+8vsJzjgRGjOklOc6qQ5yJDXFjExqfqZIivAIDYhnqECcqCCffjGBx0bpwziRpoSGU/X3RI64UmMemc7iVjXvFeJ/npfp+CLIqUgzTQSeLYozBnUCi0hgn0qCNRsbgrCk5laIh0girE1wNROCO//yIumcNlyn4d6d1ZtXZRxVcACOwAlwwTloglvQAm2AwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD+SKl4g=</latexit>

P(X)
<latexit sha1_base64="QpIYG8Kow1DAO9NXh4Ik08x0WbI=">AAACFHicbZDLSsNAFIYn9VbjLerSzWApVISSiKAboSiCywq2DSQhTKaTdujkwsxEKKEP4cZXceNCEbcu3Pk2TtoI2vrDwM93zmHO+YOUUSFN80urLC2vrK5V1/WNza3tHWN3ryuSjGPSwQlLuB0gQRiNSUdSyYidcoKigJFeMLoq6r17wgVN4js5TokXoUFMQ4qRVMg3jutulPk2vIBuhOQwCPLriQPddEgV9PQf2J407CPfqJlNcyq4aKzS1ECptm98uv0EZxGJJWZICMcyU+nliEuKGZnobiZIivAIDYijbIwiIrx8etQE1hXpwzDh6sUSTunviRxFQoyjQHUWS4r5WgH/qzmZDM+9nMZpJkmMZx+FGYMygUVCsE85wZKNlUGYU7UrxEPEEZYqR12FYM2fvGi6J03LbFq3p7XWZRlHFRyAQ9AAFjgDLXAD2qADMHgAT+AFvGqP2rP2pr3PWitaObMP/kj7+AY1N50I</latexit><latexit sha1_base64="QpIYG8Kow1DAO9NXh4Ik08x0WbI=">AAACFHicbZDLSsNAFIYn9VbjLerSzWApVISSiKAboSiCywq2DSQhTKaTdujkwsxEKKEP4cZXceNCEbcu3Pk2TtoI2vrDwM93zmHO+YOUUSFN80urLC2vrK5V1/WNza3tHWN3ryuSjGPSwQlLuB0gQRiNSUdSyYidcoKigJFeMLoq6r17wgVN4js5TokXoUFMQ4qRVMg3jutulPk2vIBuhOQwCPLriQPddEgV9PQf2J407CPfqJlNcyq4aKzS1ECptm98uv0EZxGJJWZICMcyU+nliEuKGZnobiZIivAIDYijbIwiIrx8etQE1hXpwzDh6sUSTunviRxFQoyjQHUWS4r5WgH/qzmZDM+9nMZpJkmMZx+FGYMygUVCsE85wZKNlUGYU7UrxEPEEZYqR12FYM2fvGi6J03LbFq3p7XWZRlHFRyAQ9AAFjgDLXAD2qADMHgAT+AFvGqP2rP2pr3PWitaObMP/kj7+AY1N50I</latexit><latexit sha1_base64="QpIYG8Kow1DAO9NXh4Ik08x0WbI=">AAACFHicbZDLSsNAFIYn9VbjLerSzWApVISSiKAboSiCywq2DSQhTKaTdujkwsxEKKEP4cZXceNCEbcu3Pk2TtoI2vrDwM93zmHO+YOUUSFN80urLC2vrK5V1/WNza3tHWN3ryuSjGPSwQlLuB0gQRiNSUdSyYidcoKigJFeMLoq6r17wgVN4js5TokXoUFMQ4qRVMg3jutulPk2vIBuhOQwCPLriQPddEgV9PQf2J407CPfqJlNcyq4aKzS1ECptm98uv0EZxGJJWZICMcyU+nliEuKGZnobiZIivAIDYijbIwiIrx8etQE1hXpwzDh6sUSTunviRxFQoyjQHUWS4r5WgH/qzmZDM+9nMZpJkmMZx+FGYMygUVCsE85wZKNlUGYU7UrxEPEEZYqR12FYM2fvGi6J03LbFq3p7XWZRlHFRyAQ9AAFjgDLXAD2qADMHgAT+AFvGqP2rP2pr3PWitaObMP/kj7+AY1N50I</latexit><latexit sha1_base64="QpIYG8Kow1DAO9NXh4Ik08x0WbI=">AAACFHicbZDLSsNAFIYn9VbjLerSzWApVISSiKAboSiCywq2DSQhTKaTdujkwsxEKKEP4cZXceNCEbcu3Pk2TtoI2vrDwM93zmHO+YOUUSFN80urLC2vrK5V1/WNza3tHWN3ryuSjGPSwQlLuB0gQRiNSUdSyYidcoKigJFeMLoq6r17wgVN4js5TokXoUFMQ4qRVMg3jutulPk2vIBuhOQwCPLriQPddEgV9PQf2J407CPfqJlNcyq4aKzS1ECptm98uv0EZxGJJWZICMcyU+nliEuKGZnobiZIivAIDYijbIwiIrx8etQE1hXpwzDh6sUSTunviRxFQoyjQHUWS4r5WgH/qzmZDM+9nMZpJkmMZx+FGYMygUVCsE85wZKNlUGYU7UrxEPEEZYqR12FYM2fvGi6J03LbFq3p7XWZRlHFRyAQ9AAFjgDLXAD2qADMHgAT+AFvGqP2rP2pr3PWitaObMP/kj7+AY1N50I</latexit>

P(Y )
<latexit sha1_base64="FVJU/aG5UNMjvUam+QCoyaTaAsM=">AAACI3icbVDLSsNAFJ34rPEVdelmsBTaTUlEUAShKILLCvYhSSiT6aQdOnkwMxFKyL+48VfcuFCKGxf+i5M2Qm09MHDmnHu59x4vZlRI0/zSVlbX1jc2S1v69s7u3r5xcNgWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90k/udJ8IFjcIHOY6JG6BBSH2KkVRSz7isOEHS68Ir6ARIDj0vvc1s6MRDqkRXr/yqzazarelzv8dazyibdXMKuEysgpRBgWbPmDj9CCcBCSVmSAjbMmPppohLihnJdCcRJEZ4hAbEVjREARFuOr0xgxWl9KEfcfVCCafqfEeKAiHGgacq8yXFopeL/3l2Iv0LN6VhnEgS4tkgP2FQRjAPDPYpJ1iysSIIc6p2hXiIOMJSxaqrEKzFk5dJ+7RumXXr/qzcuC7iKIFjcAKqwALnoAHuQBO0AAbP4BW8gw/tRXvTJtrnrHRFK3qOwB9o3z/VsaKJ</latexit><latexit sha1_base64="FVJU/aG5UNMjvUam+QCoyaTaAsM=">AAACI3icbVDLSsNAFJ34rPEVdelmsBTaTUlEUAShKILLCvYhSSiT6aQdOnkwMxFKyL+48VfcuFCKGxf+i5M2Qm09MHDmnHu59x4vZlRI0/zSVlbX1jc2S1v69s7u3r5xcNgWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90k/udJ8IFjcIHOY6JG6BBSH2KkVRSz7isOEHS68Ir6ARIDj0vvc1s6MRDqkRXr/yqzazarelzv8dazyibdXMKuEysgpRBgWbPmDj9CCcBCSVmSAjbMmPppohLihnJdCcRJEZ4hAbEVjREARFuOr0xgxWl9KEfcfVCCafqfEeKAiHGgacq8yXFopeL/3l2Iv0LN6VhnEgS4tkgP2FQRjAPDPYpJ1iysSIIc6p2hXiIOMJSxaqrEKzFk5dJ+7RumXXr/qzcuC7iKIFjcAKqwALnoAHuQBO0AAbP4BW8gw/tRXvTJtrnrHRFK3qOwB9o3z/VsaKJ</latexit><latexit sha1_base64="FVJU/aG5UNMjvUam+QCoyaTaAsM=">AAACI3icbVDLSsNAFJ34rPEVdelmsBTaTUlEUAShKILLCvYhSSiT6aQdOnkwMxFKyL+48VfcuFCKGxf+i5M2Qm09MHDmnHu59x4vZlRI0/zSVlbX1jc2S1v69s7u3r5xcNgWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90k/udJ8IFjcIHOY6JG6BBSH2KkVRSz7isOEHS68Ir6ARIDj0vvc1s6MRDqkRXr/yqzazarelzv8dazyibdXMKuEysgpRBgWbPmDj9CCcBCSVmSAjbMmPppohLihnJdCcRJEZ4hAbEVjREARFuOr0xgxWl9KEfcfVCCafqfEeKAiHGgacq8yXFopeL/3l2Iv0LN6VhnEgS4tkgP2FQRjAPDPYpJ1iysSIIc6p2hXiIOMJSxaqrEKzFk5dJ+7RumXXr/qzcuC7iKIFjcAKqwALnoAHuQBO0AAbP4BW8gw/tRXvTJtrnrHRFK3qOwB9o3z/VsaKJ</latexit><latexit sha1_base64="FVJU/aG5UNMjvUam+QCoyaTaAsM=">AAACI3icbVDLSsNAFJ34rPEVdelmsBTaTUlEUAShKILLCvYhSSiT6aQdOnkwMxFKyL+48VfcuFCKGxf+i5M2Qm09MHDmnHu59x4vZlRI0/zSVlbX1jc2S1v69s7u3r5xcNgWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90k/udJ8IFjcIHOY6JG6BBSH2KkVRSz7isOEHS68Ir6ARIDj0vvc1s6MRDqkRXr/yqzazarelzv8dazyibdXMKuEysgpRBgWbPmDj9CCcBCSVmSAjbMmPppohLihnJdCcRJEZ4hAbEVjREARFuOr0xgxWl9KEfcfVCCafqfEeKAiHGgacq8yXFopeL/3l2Iv0LN6VhnEgS4tkgP2FQRjAPDPYpJ1iysSIIc6p2hXiIOMJSxaqrEKzFk5dJ+7RumXXr/qzcuC7iKIFjcAKqwALnoAHuQBO0AAbP4BW8gw/tRXvTJtrnrHRFK3qOwB9o3z/VsaKJ</latexit>

µY = E[ Y ]
<latexit sha1_base64="oyiGgCQ7H3CSB1NI1088bwQTWDI="></latexit><latexit sha1_base64="oyiGgCQ7H3CSB1NI1088bwQTWDI="></latexit><latexit sha1_base64="oyiGgCQ7H3CSB1NI1088bwQTWDI="></latexit><latexit sha1_base64="oyiGgCQ7H3CSB1NI1088bwQTWDI="></latexit>

�X 2 F
<latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4O2P8Zc0mE/4b1EegRClnKUAk70="></latexit><latexit sha1_base64="4O2P8Zc0mE/4b1EegRClnKUAk70="></latexit><latexit sha1_base64="PuvFX3wUJcLIbp0EOU5MkB/Cn3s="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit><latexit sha1_base64="QL9K+V3nZvND2mHC9bez3fZDizA="></latexit>

 Y 2 G
<latexit sha1_base64="6UTzc+ajCVejJM/Oy6hAXTsmlD8="></latexit><latexit sha1_base64="6UTzc+ajCVejJM/Oy6hAXTsmlD8="></latexit><latexit sha1_base64="6UTzc+ajCVejJM/Oy6hAXTsmlD8="></latexit><latexit sha1_base64="6UTzc+ajCVejJM/Oy6hAXTsmlD8="></latexit>

X
<latexit sha1_base64="NkMFv7zcDHH77c73qDjCAG06cBU="></latexit><latexit sha1_base64="NkMFv7zcDHH77c73qDjCAG06cBU="></latexit><latexit sha1_base64="NkMFv7zcDHH77c73qDjCAG06cBU="></latexit><latexit sha1_base64="NkMFv7zcDHH77c73qDjCAG06cBU="></latexit>

Y
<latexit sha1_base64="tz5cvS3yzDcPGFuXT+1wXySYPbo="></latexit><latexit sha1_base64="tz5cvS3yzDcPGFuXT+1wXySYPbo="></latexit><latexit sha1_base64="tz5cvS3yzDcPGFuXT+1wXySYPbo="></latexit><latexit sha1_base64="tz5cvS3yzDcPGFuXT+1wXySYPbo="></latexit>

(X,Y )
<latexit sha1_base64="pia9LFcCGP/5ngNMJqD8+UOx5N0="></latexit><latexit sha1_base64="pia9LFcCGP/5ngNMJqD8+UOx5N0="></latexit><latexit sha1_base64="pia9LFcCGP/5ngNMJqD8+UOx5N0="></latexit><latexit sha1_base64="pia9LFcCGP/5ngNMJqD8+UOx5N0="></latexit>

(�X , Y ) 2 F ⇥ G
<latexit sha1_base64="uHpk/Pa/oD2522Xm8I/8DASl1DY="></latexit><latexit sha1_base64="uHpk/Pa/oD2522Xm8I/8DASl1DY="></latexit><latexit sha1_base64="uHpk/Pa/oD2522Xm8I/8DASl1DY="></latexit><latexit sha1_base64="uHpk/Pa/oD2522Xm8I/8DASl1DY="></latexit>

cross-covariance operator
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We leave detail discussion to a future. Here is a general idea:

Original Space RKHS Space

Diag[P (X)]
<latexit sha1_base64="AijiM14sMLudfOQ82p68TOEMYno="></latexit><latexit sha1_base64="AijiM14sMLudfOQ82p68TOEMYno="></latexit><latexit sha1_base64="AijiM14sMLudfOQ82p68TOEMYno="></latexit><latexit sha1_base64="AijiM14sMLudfOQ82p68TOEMYno="></latexit>

CXX = E[�X ⌦ �X ]
<latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LL+HDYIpJNfGyJhq1tCxNmbX0jA="></latexit><latexit sha1_base64="LL+HDYIpJNfGyJhq1tCxNmbX0jA="></latexit><latexit sha1_base64="P19zbvnW1lPqPInpOgIXRINaFus="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit><latexit sha1_base64="OWOZ6cqOY6HC3RdHvilP0xvf+W8="></latexit>
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• Replacing CPT with RKHS operators/function

A CB D

Sum Product
With discrete variables:

With kernels:
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• Hilbert Space Embedding provides a way to create a “sufficient 
statistic” for an arbitrary distribution. 

• Can embed marginal, joint, and conditional distributions into 
the RKHS.

• More references:
• Smola, A. J., Gretton, A., Song, L., and Schölkopf, B., A Hilbert Space 

Embedding for Distributions, Algorithmic Learning Theory, E. Takimoto (Eds.), 
Lecture Notes on Computer Science, Springer, 2007. 

• L. Song. Learning via Hilbert space embedding of distributions. PhD Thesis 
2008. 

• Song, L., Huang, J., Smola, A., and Fukumizu, K., Hilbert space embeddings of 
conditional distributions, International Conference on Machine Learning, 
2009.


