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“Duck”

label y image x

Synthesis

cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>



PhotoUser sketch

Synthesis

cGenerator
<latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit><latexit sha1_base64="+ygNeZf0Ui+mp4LU44Bne3Gfue4=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswl0aLYMWWkYwH5IcYW8zlyzZ3Tt294QQ8itsLBSx9efY+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzPzWE2rDE/VgxymGkg4Ujzmj1kmPt6hQU5voXqnsV/w5yCoJclKGHPVe6avbT1gmUVkmqDGdwE9tOKHaciZwWuxmBlPKRnSAHUcVlWjCyfzgKTl3Sp/EiXalLJmrvycmVBozlpHrlNQOzbI3E//zOpmNr8IJV2lmUbHFojgTxCZk9j3pc43MirEjlGnubiVsSDVl1mVUdCEEyy+vkma1EviV4L5arl3ncRTgFM7gAgK4hBrcQR0awEDCM7zCm6e9F+/d+1i0rnn5zAn8gff5A+5RkHk=</latexit>
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Deep nets are data transformers

• Deep nets transform datapoints, layer by layer 

• Each layer is a different representation of the data
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Generative modeling vs Representation learning

Representation learning:  
mapping data to abstract representations 
(analysis)
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Generative modeling:  
mapping abstract representations to data 
(synthesis)



1. Image synthesis 

2. Representation learning 

3. Data translation

What can you do with generative models?



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

1. Image synthesis

2. Representation learning 

3. Data translation

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>

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


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
<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>



Gaussian noise
z ⇠ N (~0, 1)

z ⇠ N (~0, 1)

Deep generative models are distribution transformers 

Synthesized 
image

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>

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>



Deep generative models are distribution transformers 

Gaussian noise Synthesized 
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Generative Adversarial Networks (GANs)

Gaussian noise Synthesized 
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G tries to synthesize fake images that fool the best D:
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[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?
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[Goodfellow et al., 2014]



Samples from BigGAN 
[Brock et al. 2018]
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<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



Representation learning

1. Image synthesis 

2. Representation learning

3. Data translation
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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>

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>



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!





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
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Variational Autoencoder

argmin
G,E

Ex,✏[kG(E(x+ ✏))� xk22 + kE(x+ ✏)k22]
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z ⇠ N (~0, 1)

x
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Variational Autoencoder

z ⇠ p(z)
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Data Translation

1. Image synthesis 

2. Representation learning 

3. Data translation



Data translation 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, …]



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 ?



Input Output Groundtruth

Data from 
[maps.google.com]

http://maps.google.com


Input Output Groundtruth

Data from [maps.google.com]

http://maps.google.com


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]
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Leveraging pretrained models for 
efficient data translation



Representations  
(encoders)

Models 
(decoders)

Deep learning

The point of deep learning is to enable learning with little data



Foundation models

[Blind Orion Searching for the Rising Sun by Nicolas Poussin, 1658]

“If I have seen further 
it is by standing on the 
shoulders of Giants”  
— Newton

https://arxiv.org/pdf/2108.07258.pdf[Bommasani et al. 2021]



1. Learn foundation model 
encoders and decoders  

for each domain
CLIP StyleGAN

GPT-3 SimCLR
BERT

2. Plug them together to 
translate between 

modalities (may require 
finetuning)

Image caption



[https://openai.com/blog/clip/]

[Radford et al., 2021] https://arxiv.org/pdf/2103.00020.pdf

Learning Transferable Visual Models From Natural Language Supervision 2

I1·T2 I1·T3 …

I2·T1 I2·T3 …

I3·T1 I3·T2 …

⋮ ⋮ ⋮

I1·T1

I2·T2

I3·T3

(1) Contrastive pre-training

Image
Encoder

Text
EncoderPepper	the

aussie	pup
Pepper	the
aussie	pup
Pepper	the
aussie	pup
Pepper	the
aussie	pup

T1 T2 T3 …

I1

I2

I3

⋮

(2) Create dataset classifier from label text

plane

car

dog

⋮

bird

A	photo	of
a	{object}.

⋮

Text
Encoder

T1 T2 T3 TN

…

(3) Use for zero-shot prediction

Image
Encoder

I1 I1·T2 I1·TNI1·T1

…

…

A	photo	of
	a	dog.

TN

IN·T1 IN·T2 IN·T3

I1·TN

I2·TN

I3·TN

⋮

…IN

…

⋮ ⋱

IN·TN

I1·T3

Figure 1. Summary of our approach. While standard image models jointly train an image feature extractor and a linear classifier to predict
some label, CLIP jointly trains an image encoder and a text encoder to predict the correct pairings of a batch of (image, text) training
examples. At test time the learned text encoder synthesizes a zero-shot linear classifier by embedding the names or descriptions of the
target dataset’s classes.

classification datasets by scoring target classes based on
their dictionary of learned visual n-grams and predicting the
one with the highest score. Adopting more recent architec-
tures and pre-training approaches, VirTex (Desai & Johnson,
2020), ICMLM (Bulent Sariyildiz et al., 2020), and Con-
VIRT (Zhang et al., 2020) have recently demonstrated the
potential of transformer-based language modeling, masked
language modeling, and contrastive objectives to learn im-
age representations from text.

While exciting as proofs of concept, using natural language
supervision for image representation learning is still rare.
This is likely because demonstrated performance on com-
mon benchmarks is much lower than alternative approaches.
For example, Li et al. (2017) reach only 11.5% accuracy
on ImageNet in a zero-shot setting. This is well below the
88.4% accuracy of the current state of the art (Xie et al.,
2020). It is even below the 50% accuracy of classic com-
puter vision approaches (Deng et al., 2012). Instead, more
narrowly scoped but well-targeted uses of weak supervision
have improved performance. Mahajan et al. (2018) showed
that predicting ImageNet-related hashtags on Instagram im-
ages is an effective pre-training task. When fine-tuned to
ImageNet these pre-trained models increased accuracy by
over 5% and improved the overall state of the art at the time.
Kolesnikov et al. (2019) and Dosovitskiy et al. (2020) have
also demonstrated large gains on a broader set of transfer
benchmarks by pre-training models to predict the classes of
the noisily labeled JFT-300M dataset.

This line of work represents the current pragmatic middle
ground between learning from a limited amount of super-
vised “gold-labels” and learning from practically unlimited
amounts of raw text. However, it is not without compro-

mises. Both works carefully design, and in the process limit,
their supervision to 1000 and 18291 classes respectively.
Natural language is able to express, and therefore supervise,
a much wider set of visual concepts through its general-
ity. Both approaches also use static softmax classifiers to
perform prediction and lack a mechanism for dynamic out-
puts. This severely curtails their flexibility and limits their
“zero-shot” capabilities.

A crucial difference between these weakly supervised mod-
els and recent explorations of learning image representations
directly from natural language is scale. While Mahajan et al.
(2018) and Kolesnikov et al. (2019) trained their models for
accelerator years on millions to billions of images, VirTex,
ICMLM, and ConVIRT trained for accelerator days on one
to two hundred thousand images. In this work, we close
this gap and study the behaviors of image classifiers trained
with natural language supervision at large scale. Enabled
by the large amounts of publicly available data of this form
on the internet, we create a new dataset of 400 million (im-
age, text) pairs and demonstrate that a simplified version of
ConVIRT trained from scratch, which we call CLIP, for Con-
trastive Language-Image Pre-training, is an efficient method
of learning from natural language supervision. We study
the scalability of CLIP by training a series of eight models
spanning almost 2 orders of magnitude of compute and ob-
serve that transfer performance is a smoothly predictable
function of compute (Hestness et al., 2017; Kaplan et al.,
2020). We find that CLIP, similar to the GPT family, learns
to perform a wide set of tasks during pre-training including
OCR, geo-localization, action recognition, and many others.
We measure this by benchmarking the zero-shot transfer
performance of CLIP on over 30 existing datasets and find

CLIP

https://openai.com/blog/clip/


"What is the answer to the 
ultimate question of life, the 
universe, and everything?” To maximize 

this

e1
<latexit sha1_base64="lYE4z03Y7EMd5kkOh7HTRFWoh4U=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2L+3SzSbsboQS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6iRTDDssEYnqhVSj4BI7hhuBvVQhjUOBj+HktvAfn1BpnsgHM00xiOlI8ogzaqzk+zE14zDKcTbwBvWG23TnIKvEK0kDSrQH9S9/mLAsRmmYoFr3PTc1QU6V4UzgrOZnGlPKJnSEfUsljVEH+TzzjJxZZUiiRNknDZmrvzdyGms9jUM7WWTUy14h/uf1MxNdBzmXaWZQssWhKBPEJKQogAy5QmbE1BLKFLdZCRtTRZmxNdVsCd7yl1dJ96LpuU3v/rLRuinrqMIJnMI5eHAFLbiDNnSAQQrP8ApvTua8OO/Ox2K04pQ7x/AHzucPDVuRrQ==</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit><latexit sha1_base64="xsXK7lGXjMtXW2BBPWGE5vsLQ7s=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8iGMDu5mwyZnV1mZoWw5DcsbPwVGxHbdP6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+c0tr6xuZWebuys7u3f1A9PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHyb++0nVJrH8tFMEuxFdCh5yBk1VvL9iJpREGY47Xv9as2tu3OQVeIVpAYF/jfer878QczSCKVhgmrd9dzE9DKqDGcCpxU/1ZhQNqZD7FoqaYS6l82DTcmZVQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C4rNrq3HHSVtC7qnlv3Hi5rjZuiszKcwCmcgwdX0IA7uIcmMEjgGV7h3Xlx3pwP53MxWnKKnWP4BWf2DRNtmSY=</latexit>

e2
<latexit sha1_base64="Tg2IblW3A5cGR/EL2kChnHLfo/8=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRF0GXRjcsK9gFNKZPpTTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWdOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Lve7T6g0j+WjmSU4iOhY8pAzaqzk+xE1kyDMcD5sDKs1t+4uQNaJV5AaFGgNq1/+KGZphNIwQbXue25iBhlVhjOB84qfakwom9Ix9i2VNEI9yBaZ5+TCKiMSxso+achC/b2R0UjrWRTYyTyjXvVy8T+vn5rwZpBxmaQGJVseClNBTEzyAsiIK2RGzCyhTHGblbAJVZQZW1PFluCtfnmddBp1z617D1e15m1RRxnO4BwuwYNraMI9tKANDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/AA7fka4=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit><latexit sha1_base64="fjwGhzW7A7ycKbpIP/f8/QJlEJQ=">AAACGHicjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXMA7IhzE7uJkNmZ5eZWSEs+Q0LG3/FRsQ2nX/jbLKFJhYeGDiccy93zgkSwbVx3S9nbX1jc2u7tFPe3ds/OKwcHbd0nCqGTRaLWHUCqlFwiU3DjcBOopBGgcB2ML7N/fYTKs1j+WgmCfYiOpQ85IwaK/l+RM0oCDOc9uv9StWtuXOQVeIVpAoF/jfer8z8QczSCKVhgmrd9dzE9DKqDGcCp2U/1ZhQNqZD7FoqaYS6l82DTcm5VQYkjJV90pC5+nMjo5HWkyiwk3kQvezl4l9eNzXhdS/jMkkNSrY4FKaCmJjkLZEBV8iMmFhCmeL2r4SNqKLM2C7LNrq3HHSVtOo1z615D5fVxk3RWQlO4QwuwIMraMAd3EMTGCTwDK/w7rw4b86H87kYXXOKnRP4BWf2DRUWmSc=</latexit>

e1 · e2
<latexit sha1_base64="0qYadHJJURThHIPcVQXVgaK1IxI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cV7AOaECaTSTt0MhNmJkIJXbrxV9y4UMStn+DOv3HSZlFbD1w4nHMv994Tpowq7Tg/VmVtfWNzq7pd29nd2z+wD4+6SmQSkw4WTMh+iBRhlJOOppqRfioJSkJGeuH4tvB7j0QqKviDnqTET9CQ05hipI0U2KdegvQojHMyDVzo4UhouCA1A7vuNJwZ4CpxS1IHJdqB/e1FAmcJ4RozpNTAdVLt50hqihmZ1rxMkRThMRqSgaEcJUT5+eyRKTw3SgRjIU1xDWfq4kSOEqUmSWg6ixvVsleI/3mDTMfXfk55mmnC8XxRnDGoBSxSgRGVBGs2MQRhSc2tEI+QRFib7GomBHf55VXSbTZcp+HeX9ZbN2UcVXACzsAFcMEVaIE70AYdgMETeAFv4N16tl6tD+tz3lqxyplj8AfW1y99Upme</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit><latexit sha1_base64="AGDLTMGCOpg2xgn9QGQ5m2NMG1A=">AAACLXicjVDLSsNAFJ3UV62vqEsXDhbBVUmKoMuiG5cK9gFNCJPJpB06mQkzE6GELv0aF278EsGFIm79DSdtFrV14YGBwzn3cuecMGVUacd5tyorq2vrG9XN2tb2zu6evX/QUSKTmLSxYEL2QqQIo5y0NdWM9FJJUBIy0g1H14XffSBSUcHv9TglfoIGnMYUI22kwD72EqSHYZyTSeBCD0dCwzmpGdh1p+FMAZeJW5I6KPG/8cB+9SKBs4RwjRlSqu86qfZzJDXFjExqXqZIivAIDUjfUI4Sovx8mnYCT40SwVhI87iGU3V+I0eJUuMkNJNFELXoFeJfXj/T8aWfU55mmnA8OxRnDGoBi+pgRCXBmo0NQVhS81eIh0girE3BNRPdXQy6TDrNhus03Lvzeuuq7KwKjsAJOAMuuAAtcANuQRtg8AiewAv4sJ6tN+vT+pqNVqxy5xD8gvX9A433oRc=</latexit>

INPUT:

OUTPUT:

Image 
Generatorz

<latexit sha1_base64="Gu1NCMCzoTTCsy+PqCg18gApkoI=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X4Qa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz8AUpEe</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit><latexit sha1_base64="yhdDcMRDr6cShZArX9tRe3viC8A=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0Jc8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvREmJc=</latexit>

Optimize this

Code: https://colab.research.google.com/drive/1_4PQqzM_0KKytCzWtn-ZPi4cCa5bwK2F?usp=sharing

New capabilities by plugging pretrained models together: CLIP+GAN
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<latexit sha1_base64="MlGrZNPfDsZ53q4c/cpIwDIHYfE=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6LblxWsK3QhDKZ3rRDJw9mbsQSs/BX3LhQxK2/4c6/cdJmoa0HBg7n3Ms9c/xEcIW2/W1UlpZXVteq67WNza3tHXN3r6PiVDJos1jE8s6nCgSPoI0cBdwlEmjoC+j646vC796DVDyObnGSgBfSYcQDzihqqW8euCHFkR9kkPczF+EBMx7med+s2w17CmuROCWpkxKtvvnlDmKWhhAhE1SpnmMn6GVUImcC8pqbKkgoG9Mh9DSNaAjKy6b5c+tYKwMriKV+EVpT9fdGRkOlJqGvJ4u0at4rxP+8XorBhZfxKEkRIjY7FKTCwtgqyrAGXAJDMdGEMsl1VouNqKQMdWU1XYIz/+VF0jltOHbDuTmrNy/LOqrkkByRE+KQc9Ik16RF2oSRR/JMXsmb8WS8GO/Gx2y0YpQ7++QPjM8fYcmW+A==</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit>

“A wide-eyed cat on 
the lookout for food”

INPUT:
etext

<latexit sha1_base64="wc6CkZiZ0QzBg5jw3dmyp4EP16o=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8pmO2mXbj7YnYglxIt/xYsHRbz6L7z5b9y0OWjrg10e780wM89PBFdo299GZWl5ZXWtul7b2Nza3jF39zoqTiWDNotFLO98qkDwCNrIUcBdIoGGvoCuP74q/O49SMXj6BYnCXghHUY84IyilvrmgRtSHPlBBnk/cxEeMCu+PO+bdbthT2EtEqckdVKi1Te/3EHM0hAiZIIq1XPsBL2MSuRMQF5zUwUJZWM6hJ6mEQ1Bedn0gtw61srACmKpX4TWVP3dkdFQqUno68piXzXvFeJ/Xi/F4MLLeJSkCBGbDQpSYWFsFXFYAy6BoZhoQpnkeleLjaikDHVoNR2CM3/yIumcNhy74dyc1ZuXZRxVckiOyAlxyDlpkmvSIm3CyCN5Jq/kzXgyXox342NWWjHKnn3yB8bnDynUl/s=</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit>

Latent space 
Transformer

[Ramesh et al. 2021] https://arxiv.org/pdf/2102.12092.pdf https://openai.com/blog/dall-e/



“An illustration of a 
baby daikon radish in 
a tutu walking a dog” 

Image 
Decoder

OUTPUT:

etext
<latexit sha1_base64="wc6CkZiZ0QzBg5jw3dmyp4EP16o=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJCHosevFYwbZCE8pmO2mXbj7YnYglxIt/xYsHRbz6L7z5b9y0OWjrg10e780wM89PBFdo299GZWl5ZXWtul7b2Nza3jF39zoqTiWDNotFLO98qkDwCNrIUcBdIoGGvoCuP74q/O49SMXj6BYnCXghHUY84IyilvrmgRtSHPlBBnk/cxEeMCu+PO+bdbthT2EtEqckdVKi1Te/3EHM0hAiZIIq1XPsBL2MSuRMQF5zUwUJZWM6hJ6mEQ1Bedn0gtw61srACmKpX4TWVP3dkdFQqUno68piXzXvFeJ/Xi/F4MLLeJSkCBGbDQpSYWFsFXFYAy6BoZhoQpnkeleLjaikDHVoNR2CM3/yIumcNhy74dyc1ZuXZRxVckiOyAlxyDlpkmvSIm3CyCN5Jq/kzXgyXox342NWWjHKnn3yB8bnDynUl/s=</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit><latexit sha1_base64="YQALOTEKCChBb6xHv6L9G46nUko=">AAACJnicjVDLSsNAFJ34rPUVdSO4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5YQv8aFG3/FhSLizk9x0mahrQsvzHA451xmzvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF3r4DqXgc3eI4gV5IBxEPOKOoKc/cd0OKQz/IIPcyF+Ees+LKc8+s2XV7MtY8cEpQI+X8z+6Zr24/ZmkIETJBleo6doK9jErkTEBedVMFCWUjOoCuhhENQfWySczcOtJM3wpiqU+E1oT9uZHRUKlx6GtnEUrNagX5l9ZNMTjvZTxKUoSITR8KUmFhbBWdWX0ugaEYa0CZ5PqvFhtSSRnqZqs6ujMbdB60TuqOXXduTmuNi7KzCjkgh+SYOOSMNMgVuSZNwsgDeSTP5M14Ml6Md+Njal0wyp098muMr28HBZ90</latexit>

eim
<latexit sha1_base64="MlGrZNPfDsZ53q4c/cpIwDIHYfE=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoigi6LblxWsK3QhDKZ3rRDJw9mbsQSs/BX3LhQxK2/4c6/cdJmoa0HBg7n3Ms9c/xEcIW2/W1UlpZXVteq67WNza3tHXN3r6PiVDJos1jE8s6nCgSPoI0cBdwlEmjoC+j646vC796DVDyObnGSgBfSYcQDzihqqW8euCHFkR9kkPczF+EBMx7med+s2w17CmuROCWpkxKtvvnlDmKWhhAhE1SpnmMn6GVUImcC8pqbKkgoG9Mh9DSNaAjKy6b5c+tYKwMriKV+EVpT9fdGRkOlJqGvJ4u0at4rxP+8XorBhZfxKEkRIjY7FKTCwtgqyrAGXAJDMdGEMsl1VouNqKQMdWU1XYIz/+VF0jltOHbDuTmrNy/LOqrkkByRE+KQc9Ik16RF2oSRR/JMXsmb8WS8GO/Gx2y0YpQ7++QPjM8fYcmW+A==</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit><latexit sha1_base64="I0YjN0zc+kzbEfWqpOMo2k79+FI=">AAACJHicjVDLSsNAFJ34rPUVFdy4CRbBVUlE0GXRjUsF+4CmhMn0ph06eTBzI5aYn3Hhxl9xo+LCjd/ipM1CWxceGDiccy93zvETwRXa9qexsLi0vLJaWauub2xubZs7uy0Vp5JBk8Uilh2fKhA8giZyFNBJJNDQF9D2R5eF374DqXgc3eI4gV5IBxEPOKOoJc/cd0OKQz/IIPcyF+EeMx7muWfW7Lo9gTVPnJLUSIn/jXvmm9uPWRpChExQpbqOnWAvoxI5E5BX3VRBQtmIDqCraURDUL1sEjK3jrTSt4JY6hehNVF/bmQ0VGoc+nqyiKRmvUL8y+umGJz3Mh4lKULEpoeCVFgYW0VjVp9LYCjGmlAmuf6rxYZUUoa616qO7swGnSetk7pj152b01rjouysQg7IITkmDjkjDXJFrkmTMPJAHskzeTWejBfj3fiYji4Y5c4e+QXj6xscJZ5x</latexit>

Latent space 
Transformer

INPUT:

Text-to-image translation



New capabilities by just asking: product design



New capabilities by just asking: image translation
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