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Lecture 18
Image Synthesis
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Image synthesis via generative modeling

In vision, this is usually what we are interested in!

Model of high-dimensional structured data P (X|Y = y)
<latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit>

X is high-dimensional!



1. Image synthesis


2. Structured prediction


3. Domain mapping


4. (Representation learning)


5. (Model-based intelligence)

What can you do with generative models?



Image synthesis
[Images: https://ganbreeder.app/]

1. Image synthesis


2. Structured prediction


3. Domain mapping

https://ganbreeder.app/


Procedural graphics

[Anders Scheil]





Image synthesis from “noise”

Sampler
<latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit>

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>

x = G(z)
<latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit>

G : Z ! X
<latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit>

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>

x = G(z)
<latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit>

Generator



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learning a generative model

[figs modified from: http://introtodeeplearning.com/materials/2019_6S191_L4.pdf]

G : Z ! X
<latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit>!

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

latent variables

z
<latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit><latexit sha1_base64="ghBAwonoqkX+wnXg4S1rbiFJ5uI=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoM6sGLmIB5QHYJvZNOMmT2wcysGJd8gUf1Y7yJV7/Ab/HibJKDJhYMFFXdPd3lx5xJZdtfRm5hcWl5Jb9qrq1vbG4VtnfqMkoExRqNeCSaPkjkLMSaYopjMxYIgc+x4Q8uM79xj0KyKLxTwxi9AHoh6zIKSkvVx3ahaJfsMax54kxJkUxRaRe+3U5EkwBDRTlI2XLsWHkpCMUox5HpJhJjoAPoYUvTEAKUXjpedGQdaKVjdSOhX6issfq7I4VAymHg68oAVF/Oepn4n9dKVPfcS1kYJwpDOvmom3BLRVZ2tdVhAqniQ02ACqZ3tWgfBFClszFN9wr1MQJv9ODbGAWoSBylLoheAA8jfVzPPc6YTsuZzWae1E9Kjl1yqqfF8sU0tzzZI/vkkDjkjJTJNamQGqEEyRN5Ia/Gs/FmvBsfk9KcMe3ZJX9gfP4AMzCd3g==</latexit>

x
<latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>
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Density
<latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit>

p : X ! [0, 1]
<latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit>

[figs modified from: http://introtodeeplearning.com/materials/2019_6S191_L4.pdf]

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Learning a density model

Normalized distribution

(some models output unormalized energy functions)

http://introtodeeplearning.com/materials/2019_6S191_L4.pdf


Case study #1: Fitting a Gaussian to data

fig from [Goodfellow, 2016]

max
✓

Ex⇠pdata [log p✓(x)]
<latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit>

Max likelihood objective

Closed form optimum:

�2 =
1

N

NX

i=1

(x(i) � µ)2

<latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit>

µ =
1

N

NX

i=1

x(i)

<latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit>

Considering only Gaussian fits

✓ = [µ,�]
<latexit sha1_base64="fBRx0Unrw4PQFyZJ5Koe2E5WSOM="></latexit><latexit sha1_base64="fBRx0Unrw4PQFyZJ5Koe2E5WSOM="></latexit><latexit sha1_base64="fBRx0Unrw4PQFyZJ5Koe2E5WSOM="></latexit><latexit sha1_base64="fBRx0Unrw4PQFyZJ5Koe2E5WSOM="></latexit>

p✓(x) = N (x;µ,�)
<latexit sha1_base64="Cf+c0ojryvI1l1YE6DSSwpMcgzE="></latexit><latexit sha1_base64="Cf+c0ojryvI1l1YE6DSSwpMcgzE="></latexit><latexit sha1_base64="Cf+c0ojryvI1l1YE6DSSwpMcgzE="></latexit><latexit sha1_base64="Cf+c0ojryvI1l1YE6DSSwpMcgzE="></latexit>



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Case study #1: Fitting a Gaussian to data

max
✓

Ex⇠pdata [log p✓(x)]
<latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit>

p(x) = N (x;µ,�)
<latexit sha1_base64="cFzCulbYyNFQf+5oFWMpTzSbODc="></latexit><latexit sha1_base64="cFzCulbYyNFQf+5oFWMpTzSbODc="></latexit><latexit sha1_base64="cFzCulbYyNFQf+5oFWMpTzSbODc="></latexit><latexit sha1_base64="cFzCulbYyNFQf+5oFWMpTzSbODc="></latexit>

“max likelihood”

Density
<latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit>

p : X ! [0, 1]
<latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit>

�2 =
1

N

NX

i=1

(x(i) � µ)2

<latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit><latexit sha1_base64="Z5Sb2+GikZFG6tk7umh0EedJw/o="></latexit>

µ =
1

N

NX

i=1

x(i)

<latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit><latexit sha1_base64="w8CvF7gnV5njc9f4HCLAYCFfrEI="></latexit>



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Case study #2: learning a deep generative model

SGD

Deep net

Usually max likelihood Density
<latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit>

p : X ! [0, 1]
<latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit>



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

SGD

Deep net

Usually max likelihood

Sampler
<latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit>

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>

Density
<latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit>

p : X ! [0, 1]
<latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit><latexit sha1_base64="lrqwjAX8iRaBSAvhNI9OdaK81PI="></latexit>

x = G(z)
<latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit><latexit sha1_base64="FCpTXqhuzi/m+WdAYkNz8TW033w=">AAACGHicbVDLSgNBEJyN7/UV9ehlMAhRJOyKoBchqKAXUcGYQDaE3kknDs4+mJmVxCU/4VH9GG/i1Zvf4sVJ3IMmFgwUVd093eXHgivtOJ9WbmJyanpmds6eX1hcWs6vrN6oKJEMKywSkaz5oFDwECuaa4G1WCIEvsCqf3c88Kv3KBWPwmvdi7ERQCfkbc5AG6nWpYf0tPiw1cwXnJIzBB0nbkYKJMNlM//ltSKWBBhqJkCpuuvEupGC1JwJ7NteojAGdgcdrBsaQoCqkQ737dNNo7RoO5LmhZoO1d8dKQRK9QLfVAagb9WoNxD/8+qJbh80Uh7GicaQ/XzUTgTVER0cT1tcItOiZwgwyc2ulN2CBKZNRLbtnaA5RuK5GXwRowQdye3UA9kJoNs3x3W8nQEzabmj2YyTm92S65Tcq71C+SjLbZaskw1SJC7ZJ2VyRi5JhTAiyCN5Ji/Wk/VqvVnvP6U5K+tZI39gfXwD14OfsQ==</latexit>

G : Z ! X
<latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit>

Models that provide a sampler but no density are called implicit generative models

Case study #2: learning a deep generative model



Deep generative models are distribution transformers 

Prior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

Target distribution

p(x)
<latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit>

G
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<latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit> x̂

<latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit>

Autoencoder —> Generative model

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>



Variational Autoencoders (VAEs)

Prior distribution Target distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p(x)
<latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit><latexit sha1_base64="yU7M/pBgkA2keVi1P2KVcvaSzH8=">AAACFHicbVDLSgNBEJyNr7i+oh69LAYhioRdEfQY1IMXMYJ5QDaE3klvMmT2wcysJCz5BY/qx3gTr979Fi/OJjlotGCgqOru6S4v5kwq2/40cguLS8sr+VVzbX1jc6uwvVOXUSIo1mjEI9H0QCJnIdYUUxybsUAIPI4Nb3CZ+Y0HFJJF4b0axdgOoBcyn1FQmRSXhoedQtEu2xNYf4kzI0UyQ7VT+HK7EU0CDBXlIGXLsWPVTkEoRjmOTTeRGAMdQA9bmoYQoGynk13H1oFWupYfCf1CZU3Unx0pBFKOAk9XBqD6ct7LxP+8VqL883bKwjhRGNLpR37CLRVZ2eFWlwmkio80ASqY3tWifRBAlY7HNN0r1McIvNGDb2MUoCJxlLogegEMx/q4nnucMZ2WM5/NX1I/KTt22bk7LVYuZrnlyR7ZJyXikDNSIdekSmqEkj55JM/kxXgyXo03431amjNmPbvkF4yPb+SXnrs=</latexit>

[Kingma & Welling, 2014; Rezende, Mohamed, Wierstra 2014]

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>



Mixture of Gaussians

Target distribution

x ⇠ pdata(x)
<latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =
kX

i=1

wiN (x;ui,⌃i)
<latexit sha1_base64="7CvGj0vnAohtdUmnveADzwDX1Vw="></latexit><latexit sha1_base64="7CvGj0vnAohtdUmnveADzwDX1Vw="></latexit><latexit sha1_base64="7CvGj0vnAohtdUmnveADzwDX1Vw="></latexit><latexit sha1_base64="7CvGj0vnAohtdUmnveADzwDX1Vw="></latexit>



Variational Autoencoders (VAEs)

Target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>

Density model:

Sampling:

x ⇠ pdata(x)
<latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit><latexit sha1_base64="pB0RU8TrXb4RKbQmbpBlptH77sM="></latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

[Kingma & Welling, 2014; Rezende, Mohamed, Wierstra 2014]

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

p(x|z; ✓) ⇠ N (x;Gµ
✓ (x), G

�
✓ (x))

<latexit sha1_base64="Z4xkTTBJ818A8HAGa5IRRWY+n6Q="></latexit><latexit sha1_base64="Z4xkTTBJ818A8HAGa5IRRWY+n6Q="></latexit><latexit sha1_base64="Z4xkTTBJ818A8HAGa5IRRWY+n6Q="></latexit><latexit sha1_base64="Z4xkTTBJ818A8HAGa5IRRWY+n6Q="></latexit>

✏ ⇠ N (0, 1)
<latexit sha1_base64="L0EKsHTTAK2/jueP240WJTDRQXg="></latexit><latexit sha1_base64="L0EKsHTTAK2/jueP240WJTDRQXg="></latexit><latexit sha1_base64="L0EKsHTTAK2/jueP240WJTDRQXg="></latexit><latexit sha1_base64="L0EKsHTTAK2/jueP240WJTDRQXg="></latexit>

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>

x = Gµ
✓ (z) +G�

✓ (z)✏
<latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit>



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Variational Autoencoder (VAE)

max
✓

Ex⇠pdata [log p✓(x)]
<latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit><latexit sha1_base64="t71HKITndvxDIOKI9umHu7HxdTg="></latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

Sampler
<latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit>

Density
<latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit><latexit sha1_base64="mU2lqphbjLulSTZQB9SKMFB8aq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l60WNRDx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6WNza3tnfJuZW//4PCoenzSMXGqGW+zWMa6F1DDpVC8jQIl7yWa0yiQvBtMb+d+94lrI2L1iFnC/YiOlQgFo2il7h1XRmA2rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0c6pRMMlnlUFqeELZlI5531JFI278fHHujFxYZUTCWNtSSBbq74mcRsZkUWA7I4oTs+rNxf+8forhtZ8LlaTIFVsuClNJMCbz38lIaM5QZpZQpoW9lbAJ1ZShTahiQ/BWX14nnUbdc+veQ6PWvCniKMMZnMMleHAFTbiHFrSBwRSe4RXenMR5cd6dj2VrySlmTuEPnM8fcOKPng==</latexit>

G✓ : Z ! X
<latexit sha1_base64="SHYE4dioS81WlYyrr8c80LwqIY0="></latexit><latexit sha1_base64="SHYE4dioS81WlYyrr8c80LwqIY0="></latexit><latexit sha1_base64="SHYE4dioS81WlYyrr8c80LwqIY0="></latexit><latexit sha1_base64="SHYE4dioS81WlYyrr8c80LwqIY0="></latexit>

x = Gµ
✓ (z) +G�

✓ (z)✏
<latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit><latexit sha1_base64="Tu7Gx6gKF5tfkunCLIFdz2C0Jy8="></latexit>

p✓ : X ! [0, 1]
<latexit sha1_base64="nvI7JionR8ccV/gX567uLV+9+cw="></latexit><latexit sha1_base64="nvI7JionR8ccV/gX567uLV+9+cw="></latexit><latexit sha1_base64="nvI7JionR8ccV/gX567uLV+9+cw="></latexit><latexit sha1_base64="nvI7JionR8ccV/gX567uLV+9+cw="></latexit>



Current model of 
target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

In order to optimize our 
model, we need to measure 
the likelihood it assigns to 
each datapoint x

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>

z(1)
<latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit>

z(2)
<latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit>

z(3)
<latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit>

=p(x|z(1))p(z(1))dz+
p(x|z(2))p(z(2))dz+
p(x|z(3))p(z(3))dz + ...

<latexit sha1_base64="gLdWDvD8bGrOt9SGDmBHkD2iAHc="></latexit><latexit sha1_base64="gLdWDvD8bGrOt9SGDmBHkD2iAHc="></latexit><latexit sha1_base64="gLdWDvD8bGrOt9SGDmBHkD2iAHc="></latexit><latexit sha1_base64="gLdWDvD8bGrOt9SGDmBHkD2iAHc="></latexit>



Current model of 
target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

In order to optimize our 
model, we need to measure 
the likelihood it assigns to 
each datapoint x

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>

z(1)
<latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit><latexit sha1_base64="MatinbvqzkpdVKrsQlVz8maAcc8="></latexit>

z(2)
<latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit><latexit sha1_base64="PRBUaHEL44wHQIxMggl3t7uTnww="></latexit>

z(3)
<latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit><latexit sha1_base64="34/oM3/REKsWF0vNkPygs0T8S8E="></latexit>

= ⇠ 0+

⇠ 0+

p(x|z(3))p(z(3))dz + ...
<latexit sha1_base64="OXZIMlTq7fTCR29VSm/+5E6yRL0="></latexit><latexit sha1_base64="OXZIMlTq7fTCR29VSm/+5E6yRL0="></latexit><latexit sha1_base64="OXZIMlTq7fTCR29VSm/+5E6yRL0="></latexit><latexit sha1_base64="OXZIMlTq7fTCR29VSm/+5E6yRL0="></latexit>



Current model of 
target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

If only we knew z*, we 
wouldn’t need the integral…

z⇤
<latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit>

⇡ p(x|z⇤; ✓)p(z⇤)
<latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit>



Current model of 
target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

If only we knew z*, we 
wouldn’t need the integral…

z⇤
<latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit>

So, we simply try to predict 
z* for the given x!

E(x)
<latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit>

G(z)
<latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit>

z⇤ = E(x)
<latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit>

⇡ p(x|z⇤; ✓)p(z⇤)
<latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit>

Technical note: for the continuous math to actually work out, z* ~ E(x) 
needs to be a distribution (typically set to Gaussian), but here we 
(incorrectly) treat it as deterministic for simplicity. argmax

E
p(x|E(x); ✓)p(E(x))

<latexit sha1_base64="7du7WjDcTxMPwoZOJw1KrTPevxA="></latexit><latexit sha1_base64="7du7WjDcTxMPwoZOJw1KrTPevxA="></latexit><latexit sha1_base64="7du7WjDcTxMPwoZOJw1KrTPevxA="></latexit><latexit sha1_base64="7du7WjDcTxMPwoZOJw1KrTPevxA="></latexit>



Current model of 
target distributionPrior distribution

p(z)
<latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit><latexit sha1_base64="bzQeejn6AthieTS76fBO0TEApVM=">AAACFHicbVDLSgNBEJyNrxhfUY9eFoMQRcKuCHoM6sGLGME8ILuE3kknGTL7YGZWjEt+waP6Md7Eq3e/xYuzyR40WjBQVHX3dJcXcSaVZX0aubn5hcWl/HJhZXVtfaO4udWQYSwo1mnIQ9HyQCJnAdYVUxxbkUDwPY5Nb3ie+s07FJKFwa0aRej60A9Yj1FQqRSVH/Y7xZJVsSYw/xI7IyWSodYpfjndkMY+BopykLJtW5FyExCKUY7jghNLjIAOoY9tTQPwUbrJZNexuaeVrtkLhX6BMifqz44EfClHvqcrfVADOeul4n9eO1a9UzdhQRQrDOj0o17MTRWa6eFmlwmkio80ASqY3tWkAxBAlY6nUHAuUB8j8EoPvo5QgArFQeKA6PtwP9bH9Z3DlOm07Nls/pLGUcW2KvbNcal6luWWJztkl5SJTU5IlVySGqkTSgbkkTyTF+PJeDXejPdpac7IerbJLxgf3+fznr0=</latexit>

p✓(x)
<latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit><latexit sha1_base64="kUKEIt96n2aiEZ+NZ7z3GVIXMuA=">AAACHXicbVDLSgNBEJz1bXxFPXpZDIKKhF0R9BjUgxdRwZhAdgm9k04yZPbhTK8kLPkOj+rHeBOv4rd4cfI4aLRgoKjq7umuIJFCk+N8WlPTM7Nz8wuLuaXlldW1/PrGnY5TxbHMYxmragAapYiwTIIkVhOFEAYSK0HnbOBXHlBpEUe31EvQD6EViabgQEbyk3rmURsJ+rvdvXq+4BSdIey/xB2TAhvjup7/8hoxT0OMiEvQuuY6CfkZKBJcYj/npRoT4B1oYc3QCELUfjZcum/vGKVhN2NlXkT2UP3ZkUGodS8MTGUI1NaT3kD8z6ul1DzxMxElKWHERx81U2lTbA8SsBtCISfZMwS4EmZXm7dBASeTUy7nnaM5RuGlGXyVoAKK1X7mgWqF0O2b41rewYCZtNzJbP6Su8Oi6xTdm6NC6XSc2wLbYttsl7nsmJXYBbtmZcbZPXtkz+zFerJerTfrfVQ6ZY17NtkvWB/fqPui3g==</latexit>

p✓(x) =

Z
p(x|z; ✓)p(z)dz

<latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit><latexit sha1_base64="TRu5HUm7m+ttMR7dFNhdBSUJNj8="></latexit>

If only we knew z*, we 
wouldn’t need the integral…

z⇤
<latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit>

So, we simply try to predict 
z* for the given x!

E(x)
<latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit>

G(z)
<latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit>

z⇤ = E(x)
<latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit><latexit sha1_base64="jgx3WvVrPNe0RmEFNmtHU0nxXP8="></latexit>

(assuming unit Gaussian prior, isotropic 
Gaussian likelihood model)

argmin
E

kG(E(x))� xk22 + ||E(x)||22
<latexit sha1_base64="PYXFBaXULZNnpHIvVzFBb5JT2pE="></latexit><latexit sha1_base64="PYXFBaXULZNnpHIvVzFBb5JT2pE="></latexit><latexit sha1_base64="PYXFBaXULZNnpHIvVzFBb5JT2pE="></latexit><latexit sha1_base64="PYXFBaXULZNnpHIvVzFBb5JT2pE="></latexit>

⇡ p(x|z⇤; ✓)p(z⇤)
<latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit><latexit sha1_base64="zusgQYjBCphZ5PRQ+vv1jdrFHLI="></latexit>



E(x)
<latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit>

G(z)
<latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit>

z⇤
<latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit>

argmin
G,E

kG(E(x))� xk22 + ||E(x)||22
<latexit sha1_base64="tx65rPqT2oVZwYVCBfkVIX0XVEE="></latexit><latexit sha1_base64="tx65rPqT2oVZwYVCBfkVIX0XVEE="></latexit><latexit sha1_base64="tx65rPqT2oVZwYVCBfkVIX0XVEE="></latexit><latexit sha1_base64="tx65rPqT2oVZwYVCBfkVIX0XVEE="></latexit>

Autoencoder!



E(x)
<latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit><latexit sha1_base64="IwyvTYp5RRrI4l2MpPFoO2/3J80="></latexit>

G(z)
<latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit><latexit sha1_base64="sG5ZP10ImKtvUxFXiah8+OKv/7Y="></latexit>

z⇤
<latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit><latexit sha1_base64="1mwTJVfeQhxBRQoiJLBMfHsS664="></latexit>

Autoencoder!

✏
<latexit sha1_base64="nCqQzWL196i2fpUO/Cv7bGeA8Lk="></latexit><latexit sha1_base64="nCqQzWL196i2fpUO/Cv7bGeA8Lk="></latexit><latexit sha1_base64="nCqQzWL196i2fpUO/Cv7bGeA8Lk="></latexit><latexit sha1_base64="nCqQzWL196i2fpUO/Cv7bGeA8Lk="></latexit>

argmin
G,E

Ex,✏[kG(E(x+ ✏))� xk22 + kE(x+ ✏)k22]
<latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit>



G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>E

<latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit>

Classical Autoencoder

argmin
G,E

Ex[kG(E(x))� xk22]
<latexit sha1_base64="uoFLxDWbzixKPRJyqKom3SXH9Ls="></latexit><latexit sha1_base64="uoFLxDWbzixKPRJyqKom3SXH9Ls="></latexit><latexit sha1_base64="uoFLxDWbzixKPRJyqKom3SXH9Ls="></latexit><latexit sha1_base64="uoFLxDWbzixKPRJyqKom3SXH9Ls="></latexit>



G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>E

<latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit><latexit sha1_base64="3bElx86JlTobYfbKIhwHhfsPJRI="></latexit>

Variational Autoencoder

argmin
G,E

Ex,✏[kG(E(x+ ✏))� xk22 + kE(x+ ✏)k22]
<latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit><latexit sha1_base64="yU0LtVaSMejXdsTjWIwov1shNnU="></latexit>



z ⇠ N (~0, 1)

x
<latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit> x̂

<latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit><latexit sha1_base64="oelu6j2CJltHmuS0GLq1Bq1Nzec=">AAACF3icbVDJSgNBEO1xjXGLevQyGAQRCTMi6DGoBy9iBLNAJoSaTiVp0rPQXSMJQz7Co/ox3sSrR7/Fi53loIkPGh7vVVVXPT+WQpPjfFkLi0vLK6uZtez6xubWdm5nt6KjRHEs80hGquaDRilCLJMgibVYIQS+xKrfuxr51UdUWkThAw1ibATQCUVbcCAjVb0uUNofNnN5p+CMYc8Td0rybIpSM/fttSKeBBgSl6B13XViaqSgSHCJw6yXaIyB96CDdUNDCFA30vG6Q/vQKC27HSnzQrLH6u+OFAKtB4FvKgOgrp71RuJ/Xj2h9kUjFWGcEIZ88lE7kTZF9uh2uyUUcpIDQ4ArYXa1eRcUcDIJZbPeNZpjFN6awXcxKqBIHaceqE4A/aE5ruOdjJhJy53NZp5UTguuU3Dvz/LFy2luGbbPDtgRc9k5K7IbVmJlxlmPPbEX9mo9W2/Wu/UxKV2wpj177A+szx9kCKCp</latexit>

Variational Autoencoder

z ⇠ p(z)
<latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit><latexit sha1_base64="ITAQbf83V1rGOkNYMdhKMH07nAs=">AAACG3icbVBNSwMxEM36WetX1aOXYBGqSNkVQY+iHryIFWwVuqXMptMammyWJCvWpT/Do/pjvIlXD/4WL6a1B60+CDzem5nMvCgR3Fjf//AmJqemZ2Zzc/n5hcWl5cLKas2oVDOsMiWUvo7AoOAxVi23Aq8TjSAjgVdR93jgX92iNlzFl7aXYENCJ+ZtzsA6qX5PQ8MlTUr3W81C0S/7Q9C/JBiRIhmh0ix8hi3FUomxZQKMqQd+YhsZaMuZwH4+TA0mwLrQwbqjMUg0jWy4cp9uOqVF20q7F1s6VH92ZCCN6cnIVUqwN2bcG4j/efXUtg8aGY+T1GLMvj9qp4JaRQf30xbXyKzoOQJMc7crZTeggVmXUj4fnqA7RuOZG3yeoAar9HYWgu5IuOu74zrhzoC5tILxbP6S2m458MvBxV7x8GiUW46skw1SIgHZJ4fklFRIlTCiyAN5Is/eo/fivXpv36UT3qhnjfyC9/4F9iChYg==</latexit>

All of that math was basically 
just to make z have a 
Gaussian distribution, so 
that we sample random 
images by inputing random 
Gaussian noise.



Generative Adversarial Networks (GANs)

Gaussian noise Synthesized 
imagez ⇠ N (~0, 1)

x
<latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit><latexit sha1_base64="u0TP99AqUs8pXuYNN5ubzVOLxhc=">AAACEXicbVDLSgNBEJyNrxhfUY9eFoMgImFXBD0G9eBFTMA8ILuE3kknGTL7YGZWEpZ8gUf1Y7yJV7/Ab/HibLIHTSwYKKq6e7rLiziTyrK+jNzS8srqWn69sLG5tb1T3N1ryDAWFOs05KFoeSCRswDriimOrUgg+B7Hpje8Tv3mIwrJwuBBjSN0fegHrMcoKC3VRp1iySpbU5iLxM5IiWSodorfTjeksY+BohykbNtWpNwEhGKU46TgxBIjoEPoY1vTAHyUbjJddGIeaaVr9kKhX6DMqfq7IwFfyrHv6Uof1EDOe6n4n9eOVe/STVgQxQoDOvuoF3NThWZ6tdllAqniY02ACqZ3NekABFClsykUnBvUxwi804PvIxSgQnGSOCD6Powm+ri+c5oynZY9n80iaZyVbats185Llasstzw5IIfkmNjkglTILamSOqEEyRN5Ia/Gs/FmvBsfs9KckfXskz8wPn8AL9ad3A==</latexit>

z ⇠ N (~0, 1)

G
<latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit><latexit sha1_base64="Ow7uqA1ls4Q1KLCUAAZcMur92mw=">AAACEXicbVDLSgNBEJyNr7i+oh69LAZBRMKuCHoMKuhFTMA8IBtC76Q3GTL7YGZWDEu+wKP6Md7Eq1/gt3hxNslBEwsGiqrunu7yYs6ksu0vI7ewuLS8kl8119Y3NrcK2zt1GSWCYo1GPBJNDyRyFmJNMcWxGQuEwOPY8AaXmd94QCFZFN6rYYztAHoh8xkFpaXqdadQtEv2GNY8caakSKaodArfbjeiSYChohykbDl2rNopCMUox5HpJhJjoAPoYUvTEAKU7XS86Mg60ErX8iOhX6issfq7I4VAymHg6coAVF/Oepn4n9dKlH/eTlkYJwpDOvnIT7ilIiu72uoygVTxoSZABdO7WrQPAqjS2Zime4X6GIG3evBdjAJUJI5SF0QvgMeRPq7nHmdMp+XMZjNP6iclxy451dNi+WKaW57skX1ySBxyRsrkhlRIjVCC5Im8kFfj2Xgz3o2PSWnOmPbskj8wPn8A3aqdqw==</latexit>
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G tries to synthesize fake images that fool D


D tries to identify the fakes

Discriminator

D

real or fake?

G(z)
<latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit>



DG

]argmax
D

+

[Goodfellow et al., 2014]

z

log (1�D(x))Ez,x[

fake (0.9)
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G(z)
<latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit>
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<latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit>

[Goodfellow et al., 2014]



G tries to synthesize fake images that fool the best D:

real or fake?

DG

argmin
G

max
D

]

z

Ez,x[ log (1�D(x))+logD(G(z))

G(z)
<latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit>

[Goodfellow et al., 2014]



• Training: iterate between training D and G with backprop.

• Global optimum when G reproduces data distribution.

Training

G tries to synthesize fake images that fool D


D tries to identify the fakes

real or fake?

DG

z

G(z)
<latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit><latexit sha1_base64="gZlci8PWKnyAeNG/4T6QXcQXwz8=">AAACHXicbVDLSsNAFJ34Nr6qLt0Ei6AiJRFBl6KCbsQKthWaIDfTmzp08nBmItaQ73Cpfow7cSt+ixsnbRa+Dgwczn3MucdPOJPKtj+MkdGx8YnJqWlzZnZufqGyuNSUcSooNmjMY3Hpg0TOImwopjheJgIh9Dm2/N5hUW/dopAsji5UP0EvhG7EAkZBack7XndDUNd+kN3nG1eVql2zB7D+EqckVVKiflX5dDsxTUOMFOUgZduxE+VlIBSjHHPTTSUmQHvQxbamEYQovWxgOrfWtNKxgljoFylroH6fyCCUsh/6urOwKH/XCvG/WjtVwZ6XsShJFUZ0+FGQckvFVpGA1WECqeJ9TYAKpr1a9BoEUKVzMk33CPUxAk/14rMEBahYbGYuiG4Id7k+rutuFUyn5fzO5i9pbtccu+ac71T3D8rcpsgKWSXrxCG7ZJ+ckDppEEpuyAN5Is/Go/FivBpvw9YRo5xZJj9gvH8BXd6itA==</latexit>

[Goodfellow et al., 2014]



Samples from BigGAN

[Brock et al. 2018]



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

Generative Adversarial Network

Deep nets G and D

Alternating SGD on G and D

Sampler
<latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit><latexit sha1_base64="68ezdCEGjxgg9rS78uDsmqZ7VYw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7SaBm0sYxoPiA5wt5mkizZvVt294Rw5EfYWChi6++x89+4Sa7QxAcDj/dmmJkXKcGN9f1vr7CxubW9U9wt7e0fHB6Vj09aJkk1wyZLRKI7ETUoeIxNy63AjtJIZSSwHU1u5377CbXhSfxopwpDSUcxH3JGrZPaD1QqgbpfrvhVfwGyToKcVCBHo1/+6g0SlkqMLRPUmG7gKxtmVFvOBM5KvdSgomxCR9h1NKYSTZgtzp2RC6cMyDDRrmJLFurviYxKY6Yycp2S2rFZ9ebif143tcPrMOOxSi3GbLlomApiEzL/nQy4RmbF1BHKNHe3EjammjLrEiq5EILVl9dJq1YN/GpwX6vUb/I4inAG53AJAVxBHe6gAU1gMIFneIU3T3kv3rv3sWwtePnMKfyB9/kDXuKPkg==</latexit>

argmin
G

max
D

]Ez,x[ log (1�D(x))+logD(G(z))

G : Z ! X
<latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit><latexit sha1_base64="wsHdqG7haO6BmZhRjAGBB1WB93Y="></latexit>

D : X ! [0, 1]
<latexit sha1_base64="Qs2wlthAitabB4PywrnEBKvd6rY="></latexit><latexit sha1_base64="Qs2wlthAitabB4PywrnEBKvd6rY="></latexit><latexit sha1_base64="Qs2wlthAitabB4PywrnEBKvd6rY="></latexit><latexit sha1_base64="Qs2wlthAitabB4PywrnEBKvd6rY="></latexit>

Critic
<latexit sha1_base64="FOfp5Riy0Kv8wq1vb5snR6NkHEQ=">AAACFnicbVC7SgNBFJ2Nr7i+opY2i0EQkbCbRstgLGzECOYB2RDuTu4mY2YfzMyKYck/WKofYye2tn6LjZNNCk28MHA45z7mHC/mTCrb/jJyS8srq2v5dXNjc2t7p7C715BRIijWacQj0fJAImch1hVTHFuxQAg8jk1vWJ3ozQcUkkXhnRrF2AmgHzKfUVCaalQFU4x2C0W7ZGdlLQJnBopkVrVu4dvtRTQJMFSUg5Rtx45VJwWhl3Ecm24iMQY6hD62NQwhQNlJs9+OrSPN9Cw/EvqFysrY3xMpBFKOAk93BqAGcl6bkP9p7UT5552UhXGiMKTTQ37CLRVZE+tWjwmkio80AJoZt+gABFClAzJN9xK1GYHXevFNjAJUJE5SF0Q/gMexNtd3TydIp+XMZ7MIGuWSY5ec23KxcjHLLU8OyCE5Jg45IxVyRWqkTii5J0/khbwaz8ab8W58TFtzxmxmn/wp4/MHHNif8g==</latexit><latexit sha1_base64="FOfp5Riy0Kv8wq1vb5snR6NkHEQ=">AAACFnicbVC7SgNBFJ2Nr7i+opY2i0EQkbCbRstgLGzECOYB2RDuTu4mY2YfzMyKYck/WKofYye2tn6LjZNNCk28MHA45z7mHC/mTCrb/jJyS8srq2v5dXNjc2t7p7C715BRIijWacQj0fJAImch1hVTHFuxQAg8jk1vWJ3ozQcUkkXhnRrF2AmgHzKfUVCaalQFU4x2C0W7ZGdlLQJnBopkVrVu4dvtRTQJMFSUg5Rtx45VJwWhl3Ecm24iMQY6hD62NQwhQNlJs9+OrSPN9Cw/EvqFysrY3xMpBFKOAk93BqAGcl6bkP9p7UT5552UhXGiMKTTQ37CLRVZE+tWjwmkio80AJoZt+gABFClAzJN9xK1GYHXevFNjAJUJE5SF0Q/gMexNtd3TydIp+XMZ7MIGuWSY5ec23KxcjHLLU8OyCE5Jg45IxVyRWqkTii5J0/khbwaz8ab8W58TFtzxmxmn/wp4/MHHNif8g==</latexit><latexit sha1_base64="FOfp5Riy0Kv8wq1vb5snR6NkHEQ=">AAACFnicbVC7SgNBFJ2Nr7i+opY2i0EQkbCbRstgLGzECOYB2RDuTu4mY2YfzMyKYck/WKofYye2tn6LjZNNCk28MHA45z7mHC/mTCrb/jJyS8srq2v5dXNjc2t7p7C715BRIijWacQj0fJAImch1hVTHFuxQAg8jk1vWJ3ozQcUkkXhnRrF2AmgHzKfUVCaalQFU4x2C0W7ZGdlLQJnBopkVrVu4dvtRTQJMFSUg5Rtx45VJwWhl3Ecm24iMQY6hD62NQwhQNlJs9+OrSPN9Cw/EvqFysrY3xMpBFKOAk93BqAGcl6bkP9p7UT5552UhXGiMKTTQ37CLRVZE+tWjwmkio80AJoZt+gABFClAzJN9xK1GYHXevFNjAJUJE5SF0Q/gMexNtd3TydIp+XMZ7MIGuWSY5ec23KxcjHLLU8OyCE5Jg45IxVyRWqkTii5J0/khbwaz8ab8W58TFtzxmxmn/wp4/MHHNif8g==</latexit><latexit sha1_base64="FOfp5Riy0Kv8wq1vb5snR6NkHEQ=">AAACFnicbVC7SgNBFJ2Nr7i+opY2i0EQkbCbRstgLGzECOYB2RDuTu4mY2YfzMyKYck/WKofYye2tn6LjZNNCk28MHA45z7mHC/mTCrb/jJyS8srq2v5dXNjc2t7p7C715BRIijWacQj0fJAImch1hVTHFuxQAg8jk1vWJ3ozQcUkkXhnRrF2AmgHzKfUVCaalQFU4x2C0W7ZGdlLQJnBopkVrVu4dvtRTQJMFSUg5Rtx45VJwWhl3Ecm24iMQY6hD62NQwhQNlJs9+OrSPN9Cw/EvqFysrY3xMpBFKOAk93BqAGcl6bkP9p7UT5552UhXGiMKTTQ37CLRVZE+tWjwmkio80AJoZt+gABFClAzJN9xK1GYHXevFNjAJUJE5SF0Q/gMexNtd3TydIp+XMZ7MIGuWSY5ec23KxcjHLLU8OyCE5Jg45IxVyRWqkTii5J0/khbwaz8ab8W58TFtzxmxmn/wp4/MHHNif8g==</latexit>



Latent space

(Gaussian)

Data space

(Natural image manifold)

z X
<latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit><latexit sha1_base64="UbyZ6wKmQgv2DiMu6HX/UADe5wk=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1p0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfMmZD8</latexit>

[BigGAN, Brock et al. 2018]



image spacelatent space

Generative models organize the manifold of natural images



VAEs
Pros: Cheap to sample, good coverage
Cons: Blurry samples (in practice) 

GANs
Pros: Cheap to sample, fast to train, require little data
Cons: No likelihoods, bad coverage (mode collapse), finicky to train (minimax)

[adapted from slide by David Duvenaud]

Other deep generative models: 

Autoregressive models, Normalizing flows, Energy-based models 



Strutured Prediction

1. Image synthesis


2. Structured prediction


3. Domain mapping



Data prediction problems (“structured prediction”)
Semantic segmentation

[Long et al. 2015, …]

Edge detection

[Xie et al. 2015, …]

[Reed et al. 2014, …]

Text-to-photo

“this small bird has a pink 
breast and crown…”

Future frame prediction

[Mathieu et al. 2016, …]



Structured prediction

In vision this is usually what we are interested in

Model joint distribution of high-dimensional data P (X|Y = y)
<latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit><latexit sha1_base64="N2H5Z6Nqpk1692m+ZrrozY3y9bk="></latexit>

X is high-dimensional

Unstructured: 
Y

i

p(Xi|Y = y)
<latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit><latexit sha1_base64="68L592ImtcPfKYXJsdPKLiiDef0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAjzMloR9CIMvXic4D5kLSVN0y0sbUOSCqXuL3jxr3jxoIhXb978N6ZbEd18IOHJ87wved/H54xKZVlfxsLi0vLKamWtur6xubVt7ux2ZJIKTNo4YYno+UgSRmPSVlQx0uOCoMhnpOuPLgu/e0eEpEl8ozJO3AgNYhpSjJSWPLPucJEEHoW83tP3PXQipIZ+mN+O4fnPIxsfeWbNalgTwHlil6QGSrQ889MJEpxGJFaYISn7tsWVmyOhKGZkXHVSSTjCIzQgfU1jFBHp5pONxvBQKwEME6FPrOBE/d2Ro0jKLPJ1ZTGinPUK8T+vn6rwzM1pzFNFYjz9KEwZVAks4oEBFQQrlmmCsKB6VoiHSCCsdIhVHYI9u/I86Rw3bKthX5/UmhdlHBWwDw5AHdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPi1dMMqePfAHxsc3Sz+crA==</latexit>



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

Deep learning in 2012

Use a hypothesis space that can model complex structure 

(e.g., a CNN, nearest-neighbor)



[Slide credit: Andrew Ng]



(Colors represent one-hot codes)

Objective function

(loss)Hypothesis space

argmin
F

Ex,y[L(F(x),y)]

[Photo credit: Fredo Durand]

F



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Convolutional neural net

Stochastic gradient descent

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Semantic Segmentation

n o
,

n o
,
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x y

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

y 2 RH⇥W⇥K

<latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit><latexit sha1_base64="o/CYE9JWc1DkgxoiLYObuUUzEXY="></latexit>

f
⇤ = argmin

f2F

NX

i=1

H(yi, ŷi)
<latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit><latexit sha1_base64="zmY0lU275JrVgPJcXk46md54SF4="></latexit>

x 2 RH⇥W⇥3
<latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit>



!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Convolutional neural net

Stochastic gradient descent

Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

Sat2Map

n o
,

n o
,

…

x y

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

✓⇤ = argmin
✓

NX

i=1

(f✓(xi)� yi)
2

= argmin
✓

NX

i=1

(✓1xi + ✓0 � yi)
2

<latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit><latexit sha1_base64="m7FSvrKeLkMvRlYdLQthD3iIdS4="></latexit>

x 2 RH⇥W⇥3
<latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit><latexit sha1_base64="TsEmGcVQ9XzP9ZZRZaqW82bjl8w=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRbBVZ1RQZdFN11WsQ/o1JJJM21oJjMkGbEM8xlu/BU3LhRx251/Y/oQtPVA4OSce7n3Hj/mTGnH+bJyS8srq2v59cLG5tb2jr27V1dRIgmtkYhHsuljRTkTtKaZ5rQZS4pDn9OGP7ge+40HKhWLxJ0exrQd4p5gASNYG6ljn3gh1n0/SB8z5DGBpl8/vc3u0wryNAupQo0fcpZ17KJTciZAi8SdkSLMUO3YI68bkSSkQhOOlWq5TqzbKZaaEU6zgpcoGmMywD3aMlRgM6edTg7L0JFRuiiIpHlCo4n6uyPFoVLD0DeV473VvDcW//NaiQ4u2ykTcaKpINNBQcKRjtA4JdRlkhLNh4ZgIpnZFZE+lphok2XBhODOn7xI6qcl1ym5N+fF8tUsjjwcwCEcgwsXUIYKVKEGBJ7gBd7g3Xq2Xq0P63NamrNmPfvwB9boG1cUn+o=</latexit>

y 2 RH⇥W⇥3
<latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit><latexit sha1_base64="X+JmrSiMn+oXDDOjzKZeLlyRWGw=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiuaqKCLotuuqxiH9DEMplO2qGTSZi5EUrIZ7jxV9y4UMRtd/6N0zaCth4YOHPOvdx7jx8LrsG2v6yl5ZXVtfXCRnFza3tnt7S339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlD28mfuuRKc0jeQ+jmHkh6UsecErASN3SqRsSGPhBOsqwyyWeff30LntIa9gFHjKNWz/kPOuWynbFngIvEicnZZSj3i2N3V5Ek5BJoIJo3XHsGLyUKOBUsKzoJprFhA5Jn3UMlcTM8dLpYRk+NkoPB5EyTwKeqr87UhJqPQp9UznZW897E/E/r5NAcOWlXMYJMElng4JEYIjwJCXc44pRECNDCFXc7IrpgChCwWRZNCE48ycvkuZZxbErzu1FuXqdx1FAh+gInSAHXaIqqqE6aiCKntALekPv1rP1an1Yn7PSJSvvOUB/YI2/AVi+n+s=</latexit>

f✓(x)i
<latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit><latexit sha1_base64="A299A3jeMraUKvaIu3FFvjgQ5B0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBF0W3bisYB/QhDCZTtqhkwczN2IJceOvuHGhiFv/wp1/46TNQlsPXDiccy/33uMngiuwrG9jaXlldW29slHd3Nre2TX39jsqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uPrwu/eM6l4HN3BJGFuSIYRDzgloCXPPAy8zIERA5LXnZDAyA+yh/zU455ZsxrWFHiR2CWpoRItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5VUnVSwhdEyGrK9pREKm3Gz6QY5PtDLAQSx1RYCn6u+JjIRKTUJfdxZHqnmvEP/z+ikEl27GoyQFFtHZoiAVGGJcxIEHXDIKYqIJoZLrWzEdEUko6NCqOgR7/uVF0jlr2FbDvj2vNa/KOCroCB2jOrLRBWqiG9RCbUTRI3pGr+jNeDJejHfjY9a6ZJQzB+gPjM8f2miXIQ==</latexit>



Input Deep net output



Data
<latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit><latexit sha1_base64="P0EGFXOjMXAW98knwKSzO/IySeQ=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0l60WNRDx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5USaFQc/7dkobm1vbO+Vdd2//4PCocnzSMmmuGQ9YKlPdiajhUigeoEDJO5nmNIkkb0fj27nffuLaiFQ94iTjYUKHSsSCUbRS4N5RpP1K1at5C5B14hekCgWa/cpXb5CyPOEKmaTGdH0vw3BKNQom+czt5YZnlI3pkHctVTThJpwujp2RC6sMSJxqWwrJQv09MaWJMZMksp0JxZFZ9ebif143x/g6nAqV5cgVWy6Kc0kwJfPPyUBozlBOLKFMC3srYSOqKUObj2tD8FdfXietes33av5Dvdq4KeIowxmcwyX4cAUNuIcmBMBAwDO8wpujnBfn3flYtpacYuYU/sD5/AERvI4u</latexit>

!
<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit> !

<latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit><latexit sha1_base64="sVBkjs/c+hJlwPgmxP0/MoyXMvk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdkBouRcJbKFDybqo5jUPJO+H4duZ3Hrk2QiUPOEl5ENNhIiLBKFrJ72kxHCHVWj31qzW37s5BVolXkBoUaParX72BYlnME2SSGuN7bopBTjUKJvm00ssMTykb0yH3LU1ozE2Qz0+ekjOrDEiktK0EyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKRpBnyhC0WRZkkqMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDwruRjQ==</latexit>

Objective
<latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit><latexit sha1_base64="c57iGHLvti0MXC7t5ZUgMsMgad8=">AAAB8XicbVA9TwJBFHyHX4hfqKXNRmJiRe5otCTa2ImJgBEuZG95Byt7e5fdPRJy4V/YWGiMrf/Gzn/jAlcoOMkmk5n3sm8mSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrF6CKhGwSU2DTcCHxKFNAoEtoPR9cxvj1FpHst7M0nQj+hA8pAzaqz0WLoNnpAZPsZeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OIpObNKn4Sxsk8aMld/b2Q00noSBXYyomaol72Z+J/XSU146WdcJqlByRYfhakgJiaz+KTPlc0rJpZQpri9lbAhVZQZW1LJluAtR14lrVrVc6veXa1Sv8rrKMIJnMI5eHABdbiBBjSBgYRneIU3RzsvzrvzsRgtOPnOMfyB8/kDEKeQgQ==</latexit>

Optimizer
<latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit><latexit sha1_base64="/Q7rN/qnvHoGSnTYH75VuNiu5BA=">AAAB8XicbVA9SwNBEJ2LX/H8ilraHAbBKtyl0TJoY2cE84HJEfY2e8mS3b1jd06IIf/CxkIRW/+Nnf/GTXKFJj4YeLw3w8y8KBXcoO9/O4W19Y3NreK2u7O7t39QOjxqmiTTlDVoIhLdjohhgivWQI6CtVPNiIwEa0Wj65nfemTa8ETd4zhloSQDxWNOCVrpwb1NkUv+xHSvVPYr/hzeKglyUoYc9V7pq9tPaCaZQiqIMZ3ATzGcEI2cCjZ1u5lhKaEjMmAdSxWRzIST+cVT78wqfS9OtC2F3lz9PTEh0pixjGynJDg0y95M/M/rZBhfhhOu0gyZootFcSY8TLzZ+16fa0ZRjC0hVHN7q0eHRBOKNiTXhhAsv7xKmtVK4FeCu2q5dpXHUYQTOIVzCOACanADdWgABQXP8ApvjnFenHfnY9FacPKZY/gD5/MHThGQqQ==</latexit>

Hypothesis space
<latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit><latexit sha1_base64="eatzax9Lxw9aIubBm3H5Hpcs6SA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4Kkkveix66bGC/YA2lM122i7dbMLupBBC/4kXD4p49Z9489+4bXPQ1gcDj/dmdmdemEhh0PO+na3tnd29/dJB+fDo+OTUPTtvmzjVHFo8lrHuhsyAFApaKFBCN9HAolBCJ5w+LPzODLQRsXrCLIEgYmMlRoIztNLAdRtZEuMEjDDUJIzDwK14VW8Jukn8glRIgebA/eoPY55GoJBLZkzP9xIMcqZRcAnzcj81YB+esjH0LFUsAhPky83n9NoqQzqKtS2FdKn+nshZZEwWhbYzYjgx695C/M/rpTi6C3KhkhRB8dVHo1RSjOkiBjoUGjjKzBLGtbC7Uj5hmnG0YZVtCP76yZukXav6XtV/rFXq90UcJXJJrsgN8cktqZMGaZIW4WRGnskreXNy58V5dz5WrVtOMXNB/sD5/AGmPJOl</latexit>

Learner
<latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit><latexit sha1_base64="EHTz7C4fqz2wFVyEFTn6ZACLM4k=">AAAB7nicbVA9SwNBEJ2LXzF+nVraLAbBKtyl0TJoY2ERwXxAcoS9zVyyZG/v2N0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXpgKro3nfTuljc2t7Z3ybmVv/+DwyD0+aeskUwxbLBGJ6oZUo+ASW4Ybgd1UIY1DgZ1wcjv3O0+oNE/ko5mmGMR0JHnEGTVW6twjVRLVwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxE10HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf6hXGzdFHGU4g3O4BB+uoAF30IQWMJjAM7zCm5M6L86787FsLTnFzCn8gfP5A036j4c=</latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

Structured prediction

Use an objective that can model structure! (e.g., a graphical model, a GAN, etc)



Generator

Gx G(x)



G tries to synthesize fake images that fool D


D tries to identify the fakes

Generator Discriminator

DGx G(x)

real or fake?



DGx

Ex,y[ ]argmax
D

logD(G(x))

fake (0.9)

G(x)

+ log(1�D(y))

real (0.1)

Dy



min

G tries to synthesize fake images that fool D:

logD(G(x))Ex,y[ + log(1�D(y)) ]

real or fake?

G
arg

DGx G(x)



G tries to synthesize fake images that fool the best D:

logD(G(x))Ex,y[ + log(1�D(y))

real or fake?

DGx G(x)

argmin
G

max
D

]



D
Loss Function


G’s perspective: D is a loss function.


Rather than being hand-designed, it is learned and 
highly structured.

Gx G(x)



real or fake?

DGx G(x)

logD(G(x))Ex,y[ + log(1�D(y))argmin
G

max
D

]



real!

DGx G(x)

logD(G(x))Ex,y[ + log(1�D(y))argmin
G

max
D

]



real or fake pair ?

D

argmin
G

max
D

logD(G(x)) + log(1�D(y))Ex,y[ ]

Gx G(x)



argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

real or fake pair ?

D

Gx G(x)



argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

D

Gx G(x)

fake pair



argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

D

Gx G(x)

real pair



D

Gx G(x)

argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

real or fake pair ?



Training Details: Loss function
Conditional GAN 



Training Details: Loss function
Conditional GAN 

Stable training + fast convergence
[c.f. Pathak et al. CVPR 2016]

Gx G(x) y

-



Input Output Groundtruth

Data from

[maps.google.com]

http://maps.google.com


Input Output Groundtruth

Data from [maps.google.com]

http://maps.google.com


[Slide credit: Andrew Ng]



Pe
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an

ce

Amount of data

Why structured objectives

(cartoon)

Deep learning

Older learning algorithms



Pe
rfo

rm
an

ce

Amount of data

DL w/ structured objective

(e.g., GANs, generative models)

DL w/ unstructured objective

(e.g., least-squares regression)

Why structured objectives

(cartoon)

Older learning algorithms



Input Unstructured prediction (L1)



Structured Prediction (cGAN)Input



Training data

n o
,

n o
,

n o
,

…

x y

[HED, Xie & Tu, 2015]

G
x G(x)

x
G

G(x)



#edges2cats [Chris Hesse]





Ivy Tasi @ivymyt

Vitaly Vidmirov @vvid



Domain mapping

[Cartoon: The Computer as a Communication Device, Licklider & Taylor 1968]

1. Image synthesis


2. Structured prediction


3. Domain mapping

[Includes slides from Jun-Yan Zhu, Taesung Park]



Unpaired data

   

Paired data

 



D

Gx G(x)

argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))

real or fake pair ?



real or fake pair ?

D

Gx G(x)

No input-output pairs!

argmin
G

max
D

Ex,y[ ]logD(x, G(x)) + log(1�D(x,y))



real or fake?

DGx G(x)

argmin
G

max
D

logD(G(x)) + log(1�D(y))Ex,y[ ]

Usually loss functions check if output matches a target instance


GAN loss checks if output is part of an admissible set



Real!
Gx G(x) D



Gx G(x) D

Real too!

Nothing to force output to correspond to input



   

[Zhu*, Park* et al. 2017], [Yi et al. 2017], [Kim et al. 2017]

CycleGAN, or there and back aGAN



   

CycleGAN, or there and back aGAN



Cycle Consistency Loss
    

 



         

Cycle Consistency Loss

   



Paired translation

n o
,

n o
,

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

yi
<latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit>…

Training data

(

X Y

regression error

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit> yi

<latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit><latexit sha1_base64="fYHWTPnicP3K/a8xK5ZBBgxUcng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRuIQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1ONgkk+rfRTwxPKJnTEe5YqGnHj5/NTp+TMKkMSxtqWQjJXf0/kNDImiwLbGVEcm2VvJv7n9VIMr/1cqCRFrthiUZhKgjGZ/U2GQnOGMrOEMi3srYSNqaYMbToVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMBjBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWIWjdk=</latexit>

ŷi
<latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit>

Objective

X Y
(

cycle-consistency error

ŷi
<latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit>

x̂i
<latexit sha1_base64="FyeEM+k/rcBBVQ52aGLYUQdL41I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NJlmyu3fszonhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrG5j6jlUmjeQIGS3yeGUxVJ3opG11O/9ciNFbG+w3HCQ0UHWvQFo+ikh86QYvY06YpuueJX/RnIMglyUoEc9W75q9OLWaq4Riapte3ATzDMqEHBJJ+UOqnlCWUjOuBtRzVV3IbZ7OAJOXFKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv3LMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRiUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AL82QpQ==</latexit><latexit sha1_base64="FyeEM+k/rcBBVQ52aGLYUQdL41I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NJlmyu3fszonhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrG5j6jlUmjeQIGS3yeGUxVJ3opG11O/9ciNFbG+w3HCQ0UHWvQFo+ikh86QYvY06YpuueJX/RnIMglyUoEc9W75q9OLWaq4Riapte3ATzDMqEHBJJ+UOqnlCWUjOuBtRzVV3IbZ7OAJOXFKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv3LMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRiUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AL82QpQ==</latexit><latexit sha1_base64="FyeEM+k/rcBBVQ52aGLYUQdL41I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NJlmyu3fszonhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrG5j6jlUmjeQIGS3yeGUxVJ3opG11O/9ciNFbG+w3HCQ0UHWvQFo+ikh86QYvY06YpuueJX/RnIMglyUoEc9W75q9OLWaq4Riapte3ATzDMqEHBJJ+UOqnlCWUjOuBtRzVV3IbZ7OAJOXFKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv3LMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRiUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AL82QpQ==</latexit><latexit sha1_base64="FyeEM+k/rcBBVQ52aGLYUQdL41I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEpyhL3NJlmyu3fszonhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrG5j6jlUmjeQIGS3yeGUxVJ3opG11O/9ciNFbG+w3HCQ0UHWvQFo+ikh86QYvY06YpuueJX/RnIMglyUoEc9W75q9OLWaq4Riapte3ATzDMqEHBJJ+UOqnlCWUjOuBtRzVV3IbZ7OAJOXFKj/Rj40ojmam/JzKqrB2ryHUqikO76E3F/7x2iv3LMBM6SZFrNl/UTyXBmEy/Jz1hOEM5doQyI9ythA2poQxdRiUXQrD48jJpnlUDvxrcnldqV3kcRTiCYziFAC6gBjdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AL82QpQ==</latexit>

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

Objective

Input
ŷi

<latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit>

xi
<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

Result

oooo
,

X Y

… …

Training data

ŷi
<latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit><latexit sha1_base64="kZiZZqmHCR2C0R+G5qQHCJPc1Wc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+yFtKJvtpl26uwm7EyGE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrIUfBuolmRIaCdcLJ7czvPDFteKweMEtYIMlI8YhTglZ67I8J5tl0wAfVmlf35nBXiV+QGhRoDqpf/WFMU8kUUkGM6flegkFONHIq2LTSTw1LCJ2QEetZqohkJsjnB0/dM6sM3SjWthS6c/X3RE6kMZkMbackODbL3kz8z+ulGF0HOVdJikzRxaIoFS7G7ux7d8g1oygySwjV3N7q0jHRhKLNqGJD8JdfXiXti7rv1f37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd4c7bw4787HorXkFDPH8AfO5w8xVJCm</latexit>

Result
xi

<latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit><latexit sha1_base64="96Omxy49SPGED3hOl6/e89unjWM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teneXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP2CQjdg=</latexit>

Input

[“pix2pix”, Isola, Zhu, Zhou, Efros, 2017]

Unpaired translation

[“CycleGAN”, Zhu*, Park*, Isola, Efros, 2017]
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What would it look like if…?



What would it look like if…?

[Hoffman et al, 2018]

Sim “Real”
[Wolterink et al, 2017]
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