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Good news, everyone!

• Assignment 1 is due 
March 16, 23:59!

• Project proposals are due 
in one month (April 16)
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Previously on COMP547
• Foundations of Flows (1-D)

• 2-D Flows

• N-D Flows

• Dequantization

image: Oleg Soroko3

Video: Synthetic face images sample from GLOW, 
Dhariwal and Kingma



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations

• Related ideas

Disclaimer: Much of the material and slides for this lecture were borrowed from 
—Pieter Abbeel, Peter Chen, Jonathan Ho, Aravind Srinivas’ Berkeley CS294-158 class

—David McAllester's TTIC 31230 class

—Aaron van den Oord's talk on "Neural Discrete Representation Learning"

—Jimmy Ba’s UToronto CSC413/2516 class
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Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations

• Related ideas

5



Latent Variable Models

• Autoregressive models + Flows
– All random variables are observed

• Latent Variable Models (LVMs):
– Some random variables are hidden - we do not get to observe
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Why Latent Variable Models?

• Simpler, lower-dimensional representations of data often possible
– Latent variable models hold the promise of automatically identifying those 

hidden representations
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Obj1 @ (x,y) 
= Corgi, red 
& white

Obj2 @ (x,y) 
= Corgi, red 
& white, 
floppy left 
ear

Background 
= Wood 
bench in a 
park

Obj3 @ (x,y) 
= Corgi, Tri-
color



Why Latent Variable Models?

• Simpler, lower-dimensional 
representations of data 
often possible
– Latent variable models hold 

the promise of automatically 
identifying those hidden 
representations
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Why Latent Variable Models?
• AR models are slow to sample because all pixels (observation dims) are 

assumed to be dependent on each other

• We can make part of observation space independent conditioned on 
some latent variables
– Latent variable models can have faster sampling by exploiting statistical 

patterns
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Latent Variable Models
• Sometimes, it’s possible to design a 

latent variable model with an 
understanding of the causal process 
that generates data

• In general, we don’t know what are 
the latent variables and how they 
interact with observations
– Most popular models make little 

assumption about what are the latent 
variables

– Best way to specify latent variables is still 
an active area of research
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Modifying the latent code in the direction of a smile 
vector, producing a range of versions of the original, 
from smiling to sadness (White, 2016)



Example Latent Variable Model
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Latent Variable Model
• Sample

• Evaluate likelihood

• Train

• Representation
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Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)
– Objective

• Exact
• Prior Sampling
• Importance Sampling
• Variational Lower Bound (VLB) / Evidence Lower BOund (ELBO)

– Optimization
• Likelihood Ratio Gradients vs. Reparameterization Trick Gradients
• Optimizing the VLB/ELBO

• Variations

• Related ideas
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Training Latent Variable Models
• Objective:

• Scenario 1: z can only take on a small number of values → exact objective tractable

• Scenario 2: z can take on an impractical number of values to enumerate 
→ approximate

How about optimizing     ? = “learning the prior” and sometimes done [more later]
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pz(z)
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Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)
– Objective

• Exact
• Prior Sampling
• Importance Sampling
• Variational Lower Bound (VLB) / Evidence Lower BOund (ELBO)

– Optimization
• Likelihood Ratio Gradients vs. Reparameterization Trick Gradients
• Optimizing the VLB/ELBO

• Variations

• Related ideas
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Exact Likelihood Objective
Example: mixture of 3 Gaussians, with uniform prior over components

Training objective:
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2-D mixture of Gaussians
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Prior Sampling
Main idea: if z can take on many values → sample z

→ run Stochastic Gradient Descent (SGD) on the approximate objective
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Consider data in N clusters:

Sampling z uniformly results in only in only 1/N terms being useful.

Recall: z might correspond to many high level properties, e.g., 100 high level 
properties, probably of correct z for given x: 0.5100

Issue: When going to higher dimensional data, it becomes near impossible to be 
lucky enough that a sampled z is a good match for a data point x(i)

Prior Sampling – Example + Challenge
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x(i)
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Importance Sampling – Motivation
Problem setting:

Want to compute

But: (1) hard to sample from

and/or (2) samples from are not very informative

Example of (2):

Note: our Latent Variable Model objective is also example of (2)   

20

z

<latexit sha1_base64="mBNsSck29HYD+UA8I7CdsBnbA5A=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOvZjQY=</latexit>

pZ(z)

<latexit sha1_base64="pQJ2tpphKqnnN+uQpdp/WkX+c8o=">AAAB73icdVDLSsNAFJ3UV62vqks3g0Wom5DE2NZd0Y3LCvaBbSiT6aQdOpnEmYlQQ3/CjQtF3Po77vwbJ20FFT1w4XDOvdx7jx8zKpVlfRi5peWV1bX8emFjc2t7p7i715JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P77I/PYdEZJG/FpNYuKFaMhpQDFSWurE/fRmWr4/7hdLlnlWqzhuBVqmZVVtx86IU3VPXGhrJUMJLNDoF997gwgnIeEKMyRl17Zi5aVIKIoZmRZ6iSQxwmM0JF1NOQqJ9NLZvVN4pJUBDCKhiys4U79PpCiUchL6ujNEaiR/e5n4l9dNVFDzUsrjRBGO54uChEEVwex5OKCCYMUmmiAsqL4V4hESCCsdUUGH8PUp/J+0HNN2zdMrt1Q/X8SRBwfgEJSBDaqgDi5BAzQBBgw8gCfwbNwaj8aL8TpvzRmLmX3wA8bbJw7KkAA=</latexit>

f(z)

<latexit sha1_base64="HuKdISNIk6cgcCuThmXAHYQMMVc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHcgGN2w==</latexit>

f(z)

<latexit sha1_base64="HuKdISNIk6cgcCuThmXAHYQMMVc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHcgGN2w==</latexit>



Importance Sampling – Algorithm
Formulation:

→ Can sample from to compute expectation w.r.t.
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Importance Sampling for Latent Variable 
Model
Training Objective:

Good proposal distribution q(z)?

We want samples compatible with

→ How about

Issue: not clear how to sample from this distribution... 
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Importance Sampling Proposal Distribution
General Principle of Variational Approach:  

We can’t directly use we want 

So, instead, we propose a parameterized distribution we know we can work 
with easily (in this case, sample from easily), and try to find a parameter setting 
that makes it as good as possible. 

E.g. find as close as possible to
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Importance Sampling Proposal Distribution
Variational Approach to Finding q:  

We can’t directly use we want 

So, instead, we propose a parameterized distribution we know we can work 
with easily (in this case, sample from easily), and try to find a parameter setting 
that makes it as good as possible. 

E.g. find as close as possible to
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Importance Sampling Proposal Distribution

→ optimize to find q

Note: all needed quantities in the objective readily computable
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Amortized Inference
General Idea of Amortization: if same inference problem needs to be solved many 
times, can we parameterize a neural network to solve it?

Our case: for all x(i) we want to solve:

Amortized formulation:

Trade-off: + : faster, regularization;   – : not as precise 
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Amortized Inference

Amortized formulation:
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E.g:

Equivalently: with

z x



Importance Weighted AutoEncoder (IWAE)

Objective:

And:

→ maximize term1 – term2 
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Importance Weighted AutoEncoder (IWAE)

29[Burda et al., 2015]



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)
– Objective

• Exact
• Prior Sampling
• Importance Sampling
• Variational Lower Bound (VLB) / Evidence Lower BOund (ELBO)

– Optimization
• Likelihood Ratio Gradients vs. Reparameterization Trick Gradients
• Optimizing the VLB/ELBO

• Variations

• Related ideas
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VLB: Derivation 1 (Jensen)
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Jensen Inequality (for concave functions)
• log is a concave function) 

f(z1)
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<latexit sha1_base64="NiRa3NU6ISMZbpCgxm8gf0a8Y3E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuRPQY9OIxonlAEsLspDcZMju7zswKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7s/IY69YcsvuDGSZeBkpQYZar/jV6UcsCVEaJqjWbc+NTTelynAmcFLoJBpjykZ0gG1LJQ1Rd9PZqRNyYpU+CSJlSxoyU39PpDTUehz6tjOkZqgXvan4n9dOTHDVTbmME4OSzRcFiSAmItO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0zstepXxxVylVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzgvzrvzMW/NOdnMIfyB8/kDm7aNXQ==</latexit>

VLB: Variational Lower Bound
ELBO: Evidence Lower Bound



VLB: Derivation 2 (KL)

32

Same as with Jensen’s, but now we know the gap = KL



Variational Lower Bound (VLB)
• We now have an objective amenable to stochastic optimization

• Turns out we can get more out of this exercise

• note: the optimal qx(z) of VLB is p(z|x), at which point VLB 
is tight (= log p(x))

33



VLB Maximization
• Given a data distribution x ~ pdata, we can know train the generative 

model by maximizing the VLB under data distribution

34



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)
– Objective

• Exact
• Prior Sampling
• Importance Sampling
• Variational Lower Bound (VLB) / Evidence Lower BOund (ELBO)

– Optimization
• Likelihood Ratio Gradients vs. Reparameterization Trick Gradients
• Optimizing the VLB/ELBO

• Variations

• Related ideas

35



Likelihood Ratio Gradient
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max
�

Ez⇠q�(z)[f(z)]

<latexit sha1_base64="saVqunyyV5Vsrp1nfW08gqKhM7A=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCRS0WVRBJcV7AOSECbTSTt08nBmIrYhP+HGX3HjQhG3gjv/xknahbYemOFwzr3ce48XMyqkYXxrC4tLyyurpbXy+sbm1ra+s9sWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW94mfude8IFjcJbOYqJE6B+SH2KkVSSqx/bAXpw7XhAoWJy4HnpVeamY1vQAN4VRnV8lFm++h1Xrxg1owCcJ+aUVMAUTVf/snsRTgISSsyQEJZpxNJJEZcUM5KV7USQGOEh6hNL0RAFRDhpcVUGD5XSg37E1QslLNTfHSkKhBgFnqrMNxezXi7+51mJ9M+dlIZxIkmIJ4P8hEEZwTwi2KOcYMlGiiDMqdoV4gHiCEsVZFmFYM6ePE/aJzWzXju9qVcaF9M4SmAfHIAqMMEZaIBr0AQtgMEjeAav4E170l60d+1jUrqgTXv2wB9onz9TJp7n</latexit>

z(i) ⇠ q�(z)

<latexit sha1_base64="dtDCX2WXFRiXHzzdoZ8IsjqNdNk=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxCuykzUtFl0Y3LCvYB7Thk0kwbmmTGJCO0Yxf+ihsXirj1N9z5N6btLLT1wIXDOfdy7z1BzKjSjvNtLS2vrK6t5zbym1vbO7v23n5DRYnEpI4jFslWgBRhVJC6ppqRViwJ4gEjzWBwNfGbD0QqGolbPYyJx1FP0JBipI3k24eju7RIS2PYUZTDe78T92lxVPLtglN2poCLxM1IAWSo+fZXpxvhhBOhMUNKtV0n1l6KpKaYkXG+kygSIzxAPdI2VCBOlJdO7x/DE6N0YRhJU0LDqfp7IkVcqSEPTCdHuq/mvYn4n9dOdHjhpVTEiSYCzxaFCYM6gpMwYJdKgjUbGoKwpOZWiPtIIqxNZHkTgjv/8iJpnJbdSvnsplKoXmZx5MAROAZF4IJzUAXXoAbqAINH8AxewZv1ZL1Y79bHrHXJymYOwB9Ynz+fzpU2</latexit>

Ez⇠q�(z)[f(z)] ⇡ 1
k

Pk
i=1 f(z

(i))

<latexit sha1_base64="p46n1yvcxek0OldQyeTVLEGxYp4="></latexit>

r�

⇣
1
k

Pk
i=1 f(z

(i))
⌘

<latexit sha1_base64="KTzYh/jhusRGxvy61b10FXWCNxU="></latexit>

cannot compute

max
�

Ez[q�(z)f(z)]

<latexit sha1_base64="lOcMvJdivS46w0DUNB7HH08T0tw=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjVRUmkosuiCC4r2AckIUymk3bo5OHMRGxD/sGNv+LGhSJu3bjzb5ykXWjrgRkO59zLvfd4MaNCGsa3trC4tLyyWlorr29sbm3rO7ttESUckxaOWMS7HhKE0ZC0JJWMdGNOUOAx0vGGl7nfuSdc0Ci8laOYOAHqh9SnGEklufqxHaAH144HFComB56XXmVuOs6gdVfI1fER9NXnQFevGDWjAJwn5pRUwBRNV/+yexFOAhJKzJAQlmnE0kkRlxQzkpXtRJAY4SHqE0vREAVEOGlxUwYPldKDfsTVCyUs1N8dKQqEGAWeqsz3FrNeLv7nWYn0z52UhnEiSYgng/yEQRnBPCDYo5xgyUaKIMyp2hXiAeIISxVjWYVgzp48T9onNbNeO72pVxoX0zhKYB8cgCowwRlogGvQBC2AwSN4Bq/gTXvSXrR37WNSuqBNe/bAH2ifP8binW4=</latexit>

r�

✓
max
�

Ez[q�(z)f(z)]

◆
=

X

z

r�[q�(z)f(z)]

=
X

z

q�(z)

q�(z)
r�[q�(z)f(z)]

= Ez⇠q�(z)
r�q�(z)

q�(z)
f(z)

= Ez⇠q�(z)[r� log q�(z)f(z)]

<latexit sha1_base64="0DFlqnctGX77rVCFsSlklZ8SKcw=">AAADNHicjVJdi9QwFE3r1zp+zeqjLxcHZfZlaJcV90VYFEF8WsHZXWhKSTPpTNik7Sbp4kzoj/LFH+KLCD4o4qu/wXS2amdGxAsJJ+eenNzcJC0F1yYIPnn+pctXrl7but67cfPW7Tv97btHuqgUZWNaiEKdpEQzwXM2NtwIdlIqRmQq2HF6+rzJH58zpXmRvzHzksWSTHOecUqMo5Jt7xXOSSpIgssZByxYZoZYkrftWhIzS1P7ok7soobobEkPFzuQuSkGrPh0ZnbgETwFrCuZLKBrt6nHva40U4Tas8Q2otoJ6pXFv5x+GXXrw5pL+K2rW/uuy5+k7egaw//xi1Y7VUxhraikPwhGwTJgE4QtGKA2DpP+BzwpaCVZbqggWkdhUJrYEmU4Fazu4UqzktBTMmWRgzmRTM d2+eg1PHTMBLJCuZEbWLLdHZZIrecydcrmVno915B/y0WVyfZjy/OyMiynFwdllQBTQPODYMIVo0bMHSBUcVcr0BlxvTbun/VcE8L1K2+Co91RuDd6/HpvcPCsbccWuo8eoCEK0RN0gF6iQzRG1HvnffS+eF/99/5n/5v//ULqe+2ee2gl/B8/AZ45A7M=</latexit>

⇡ 1

k

kX

i=1

r� log q�(z)f(z)

<latexit sha1_base64="UJUeowjsTb7WFKu02ckiKFEQ1AA="></latexit>

We need to turn this into
an expectation



Likelihood Ratio Gradient – Toy Problem

38

Learn             to 
minimize the objective 
below to reach the 
green point



Likelihood Ratio Gradient – Toy Problem
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Likelihood Ratio Gradient – Toy Problem
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Likelihood Ratio Gradient – Toy Problem
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Likelihood Ratio Gradient – Toy Problem
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Likelihood Ratio Gradient – Toy Problem
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Likelihood Ratio Gradient – Toy Problem

44



Pathwise Derivative / Reparameterization Trick

• We can then compute 

45

Ez⇠q�(z)[f(z)]

<latexit sha1_base64="vfhmk45dncwbBPcVhe+BxliF5MA=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxKp6LIogssK9gFJCJPppB06mcSZidCGfIAbf8WNC0Xc+gHu/BsnbRbaemGYwznncu89fsyoVKb5bSwtr6yurZc2yptb2zu7lb39jowSgUkbRywSPR9JwignbUUVI71YEBT6jHT90VWudx+IkDTid2ocEzdEA04DipHSlFepOiFSQ99PrzMvnTiShvDec+IhrU1OMmgH+nO1y6yb04KLwCpAFRTV8ipfTj/CSUi4wgxJaVtmrNwUCUUxI1nZSSSJER6hAbE15Cgk0k2nx2TwWDN9GERCP67glP3dkaJQynHoa2e+upzXcvI/zU5UcOGmlMeJIhzPBgUJgyqCeTKwTwXBio01QFhQvSvEQyQQVjq/sg7Bmj95EXRO61ajfnbbqDYvizhK4BAcgRqwwDloghvQAm2AwSN4Bq/gzXgyXox342NmXTKKngPwp4zPHwHomu8=</latexit>

q�(z) = N (µ,�2)

<latexit sha1_base64="YoYhsbXS/qEVE+Rw6yqleClNrU8=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgtSElKRTdC0Y0rqWAf0MQwmU7aoTNJnJkINfQb3Pgrblwo4taVO//GSduFth64cDjnXu69x48Zlcqyvo2FxaXlldXcWn59Y3Nr29zZbcooEZg0cMQi0faRJIyGpKGoYqQdC4K4z0jLH1xkfuueCEmj8EYNY+Jy1AtpQDFSWvLM0p3nxH1afCjBM+hwpPoYsfRqVHR4cgQdSXsc3VZKjpP3zIJVtsaA88SekgKYou6ZX043wgknocIMSdmxrVi5KRKKYkZGeSeRJEZ4gHqko2mIOJFuOn5pBA+10oVBJHSFCo7V3xMp4lIOua87s6PlrJeJ/3mdRAWnbkrDOFEkxJNFQcKgimCWD+xSQbBiQ00QFlTfCnEfCYSVTjELwZ59eZ40K2W7Wj6+rhZq59M4cmAfHIAisMEJqIFLUAcNgMEjeAav4M14Ml6Md+Nj0rpgTGf2wB8Ynz99EpwY</latexit>

z = µ+ ✏ · � ✏ ⇠ N (0, 1)

<latexit sha1_base64="/vjWfnJA62SNlmEV7V8jmR624wQ="></latexit>

E✏⇠N (0,1)[f(µ+ ✏�)]

<latexit sha1_base64="UQHbn0v0e4cNCm3H4l77lZOWAyo="></latexit>

no     here�

<latexit sha1_base64="DgMinVQW3HGX+6P2qbv4paX3sVw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfnQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWII5H</latexit>

⇡ 1

k

kX

i=1

f(µ+ ✏(i)�)

<latexit sha1_base64="MnDpIGz8JwzBGbbfFUfFOMYRUXc="></latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

rµ,�

⇣
1
k

Pk
i=1 f(µ+ ✏(i)�)

⌘

<latexit sha1_base64="/2lRZ4u+TvnyDKIVkAxUzA9tSFI="></latexit>



Pathwise Derivative (PD)
• Stochastic gradient possible if z is continuous now (more technical 

condition?)
– Common choice:
– Any flow that you just learned!

• Also known as reparameterization trick

• Can work with only 1~2 samples

46

✏ ⇠ N , f(✏) = µ+ �✏

<latexit sha1_base64="4xZUKf2wqroMcmiyRktZgD2GZ90="></latexit>



Pathwise Derivative – Toy Problem

47

Learn            to 
minimize the objective 
below to reach the 
green point



Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative – Toy Problem
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Pathwise Derivative (PD)

• Suppose we have some fixed noise source \eps, and we can 
reparametrize z = f(\eps; \phi)

[ \grad E_{z ~ q} [.. ] =  E_{eps} [ \grad s(f(\eps; \phi)) ] 

]

55



Reparameterizing distributions
• Any distribution in the scale-location family (Laplace, Cauchy, 

Student’s t, etc.) can be reparameterized in the same way.

• Distributions like Gamma and Dirichlet can be parameterized using 
implicit reparameterization.

• Not every distribution can be reparameterized in a differentiable way.
– For example, discrete variables are not reparameterizable in this way.

• Deep learning frameworks such as TensorFlow and PyTorch support 
reparameterization for many continuous distributions, making it easy to 
propagate gradients through samples.

56Slide credit: Andriy Mnih



VAE and Likelihood Ratio Gradient

57

max
✓,�

Ez⇠q�(z|x(i))[log pz(z) + log p✓(x
(i)|z)� log q�(z|x(i))]

<latexit sha1_base64="ySnFi9/g4ALhG5IXAWcrOD0aM14="></latexit>

z(k) ⇠ q�(z|x(i))

<latexit sha1_base64="a3OCtnZRZqfcVfZlOJgYnng+eTo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUmkosuiG5cV7AOaGibTSTt0JokzE7GN2bnxV9y4UMStv+DOv3HaZqGtBy4czrmXe+/xIkalsqxvY2FxaXllNbeWX9/Y3No2d3YbMowFJnUcslC0PCQJowGpK6oYaUWCIO4x0vQGF2O/eUeEpGFwrYYR6XDUC6hPMVJacs2D0U1SHJRS6EjK4a3rRH1aHD3ca5WW0pJrFqyyNQGcJ3ZGCiBDzTW/nG6IY04ChRmSsm1bkeokSCiKGUnzTixJhPAA9Uhb0wBxIjvJ5I8UHmmlC/1Q6AoUnKi/JxLEpRxyT3dypPpy1huL/3ntWPlnnYQGUaxIgKeL/JhBFcJxKLBLBcGKDTVBWFB9K8R9JBBWOrq8DsGefXmeNI7LdqV8clUpVM+zOHJgHxyCIrDBKaiCS1ADdYDBI3gGr+DNeDJejHfjY9q6YGQze+APjM8fqW+YjA==</latexit>

z x

r✓(·) = r✓Ez⇠q�(z|x(i))[log p✓(x
(i)|z)] ⇡ 1

K

KX

k=1

r✓ log p✓(x
(i)|z(k))

<latexit sha1_base64="FIGeCCLJElL+vhD9UpqTz4sp7YM="></latexit>

r�(·) = Ez⇠q�(z|x(i))r� log q�(z|x(i))[log pz(z) + log p✓(x
(i)|z)� log q�(z|x(i)]

+ Ez⇠q�(z|x(i))[�r� log q�(z|x(i))]

<latexit sha1_base64="VfL7cFXqATRbQXv+21NXIN2Yb2o="></latexit>

Ez⇠q�(z|x(i))


�r�q�(z|x(i))

q�(z|x(i))

�

<latexit sha1_base64="gwVHgx96RWC5N/S834LQGG9XKj4="></latexit>

= Ez


�q�(z|x(i))

r�q�(z|x(i))

q�(z|x(i))

�

<latexit sha1_base64="+WWqt/nLe/2YZ6myoKbB/s1Kl2g="></latexit>

= r�
P

z q�(z|x(i)) = 1

<latexit sha1_base64="3uXBWA9E4UCCpWBhWcAVtH5wqAA="></latexit>



Likelihood Ratio Estimator

Issue: High variance gradients, needs many samples of z to form 
a good estimate 

58



VAE and Pathwise Derivative
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PD applied to VI
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VAE

• Prior:

• Likelihood / decoder:
– For binary data:
– For real-valued data:

• Variational posterior / encoder:

• Can also use other types of neural nets (e.g. ConvNets) instead of 
fully-connected neural networks.

63Slide adapted from Andriy Mnih



VAEs in a Nutshell

64

LV AE(x; ✓,�) = Eq�(z|x) [� log p✓(x|z)] +KL (q�(z|x)kp(z))
<latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit>

input

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

x̂
<latexit sha1_base64="RqTepSLMG7k4p6btWHH6ZWiRDJ8=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRudCMW3bisYB/QhDKZTtqhk0mYmRRLCPghblwo4taPcO/Ov3HSdqGtBwYO59zLPXOChDOlHefbKq2srq1vlDcrW9s7u3v2/kFLxakktEliHstOgBXlTNCmZprTTiIpjgJO28HopvDbYyoVi8W9niTUj/BAsJARrI3Us21viHXmRVgPgzB7yPOeXXVqzhRombhzUr36rFw+AkCjZ395/ZikERWacKxU13US7WdYakY4zSteqmiCyQgPaNdQgSOq/GyaPEcnRumjMJbmCY2m6u+NDEdKTaLATBYR1aJXiP953VSHF37GRJJqKsjsUJhypGNU1ID6TFKi+cQQTCQzWREZYomJNmVVTAnu4peXSeus5hp+51br1zBDGY7gGE7BhXOowy00oAkExvAEL/BqZdaz9Wa9z0ZL1nznEP7A+vgBxE+V5A==</latexit><latexit sha1_base64="+FliEKIgtk0M9RH19p6sDkLez+w=">AAAB+XicbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPppB06mYSZm2IJ+RM3Ioq49SPcuxH/xknbhbYeGDiccy/3zAkSwTW47re1tLyyurZe2rA3t7Z3dp29/YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHhd+M0RU5rH8g7GCfMj0pc85JSAkbqO0xkQyDoRgUEQZvd53nXKbsWdAC8Sb0bKlx/2RfL0Zde6zmenF9M0YhKoIFq3PTcBPyMKOBUstzupZgmhQ9JnbUMliZj2s0nyHB8bpYfDWJknAU/U3xsZibQeR4GZLCLqea8Q//PaKYTnfsZlkgKTdHooTAWGGBc14B5XjIIYG0Ko4iYrpgOiCAVTlm1K8Oa/vEgapxXP8FuvXL1CU5TQITpCJ8hDZ6iKblAN1RFFI/SAntGLlVmP1qv1Nh1dsmY7B+gPrPcftd6XWA==</latexit><latexit sha1_base64="+FliEKIgtk0M9RH19p6sDkLez+w=">AAAB+XicbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPppB06mYSZm2IJ+RM3Ioq49SPcuxH/xknbhbYeGDiccy/3zAkSwTW47re1tLyyurZe2rA3t7Z3dp29/YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHhd+M0RU5rH8g7GCfMj0pc85JSAkbqO0xkQyDoRgUEQZvd53nXKbsWdAC8Sb0bKlx/2RfL0Zde6zmenF9M0YhKoIFq3PTcBPyMKOBUstzupZgmhQ9JnbUMliZj2s0nyHB8bpYfDWJknAU/U3xsZibQeR4GZLCLqea8Q//PaKYTnfsZlkgKTdHooTAWGGBc14B5XjIIYG0Ko4iYrpgOiCAVTlm1K8Oa/vEgapxXP8FuvXL1CU5TQITpCJ8hDZ6iKblAN1RFFI/SAntGLlVmP1qv1Nh1dsmY7B+gPrPcftd6XWA==</latexit><latexit sha1_base64="Jl/Ja98shuTnyXfjcdK8GHYRikU=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRI3uiy6cVnBPqANZTKdtEMnkzBzUywhf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJIJrdN1vq7KxubW9U92t7e0fHB7ZxycdHaeKsjaNRax6AdFMcMnayFGwXqIYiQLBusH0rvC7M6Y0j+UjzhPmR2QsecgpQSMNbXswIZgNIoKTIMye8nxo192Gu4CzTryS1KFEa2h/DUYxTSMmkQqidd9zE/QzopBTwfLaINUsIXRKxqxvqCQR0362SJ47F0YZOWGszJPoLNTfGxmJtJ5HgZksIupVrxD/8/ophjd+xmWSIpN0eShMhYOxU9TgjLhiFMXcEEIVN1kdOiGKUDRl1UwJ3uqX10nnquEZ/uDVm7dlHVU4g3O4BA+uoQn30II2UJjBM7zCm5VZL9a79bEcrVjlzin8gfX5A1UXlBc=</latexit>

RegularizationReconstruction cost

reconstruction

(Kingma and Welling, 2014)

Slide adapted from Loic Matthey, Irina Higgins

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

• Assume a known distribution 
(e.g. Normal distribution) on 
the latent space,        . 

• Parametrize the conditional 
probability   p(x|z) by a neural 
network.

• Approximate   p(z|X) using a 
variational distribution q(z|x),  ,
also parametrized by a neural 
network.

{
<latexit sha1_base64="jJNwPOo8kDW1bleUku82G2DEcTs=">AAAB+HicbZBNS8NAEIY3ftb60ahHL4tF8FQSEfRY9OKxgv2AppTNdtIu3WzC7kSoob/EiwdFvPpTvPlv3LY5aOsLCw/vzDCzb5hKYdDzvp219Y3Nre3STnl3b/+g4h4etUySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2Ob2f19iNoIxL1gJMUejEbKhEJztBafbcSSIgwyGmgxXCEtb5b9WreXHQV/AKqpFCj734Fg4RnMSjkkhnT9b0UeznTKLiEaTnIDKSMj9kQuhYVi8H08vnhU3pmnQGNEm2fQjp3f0/kLDZmEoe2M2Y4Msu1mflfrZthdN3LhUozBMUXi6JMUkzoLAU6EBo4yokFxrWwt1I+YppxtFmVbQj+8pdXoXVR8y3fX1brN0UcJXJCTsk58ckVqZM70iBNwklGnskreXOenBfn3flYtK45xcwx+SPn8wdmGJLn</latexit><latexit sha1_base64="jJNwPOo8kDW1bleUku82G2DEcTs=">AAAB+HicbZBNS8NAEIY3ftb60ahHL4tF8FQSEfRY9OKxgv2AppTNdtIu3WzC7kSoob/EiwdFvPpTvPlv3LY5aOsLCw/vzDCzb5hKYdDzvp219Y3Nre3STnl3b/+g4h4etUySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2Ob2f19iNoIxL1gJMUejEbKhEJztBafbcSSIgwyGmgxXCEtb5b9WreXHQV/AKqpFCj734Fg4RnMSjkkhnT9b0UeznTKLiEaTnIDKSMj9kQuhYVi8H08vnhU3pmnQGNEm2fQjp3f0/kLDZmEoe2M2Y4Msu1mflfrZthdN3LhUozBMUXi6JMUkzoLAU6EBo4yokFxrWwt1I+YppxtFmVbQj+8pdXoXVR8y3fX1brN0UcJXJCTsk58ckVqZM70iBNwklGnskreXOenBfn3flYtK45xcwx+SPn8wdmGJLn</latexit><latexit sha1_base64="jJNwPOo8kDW1bleUku82G2DEcTs=">AAAB+HicbZBNS8NAEIY3ftb60ahHL4tF8FQSEfRY9OKxgv2AppTNdtIu3WzC7kSoob/EiwdFvPpTvPlv3LY5aOsLCw/vzDCzb5hKYdDzvp219Y3Nre3STnl3b/+g4h4etUySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2Ob2f19iNoIxL1gJMUejEbKhEJztBafbcSSIgwyGmgxXCEtb5b9WreXHQV/AKqpFCj734Fg4RnMSjkkhnT9b0UeznTKLiEaTnIDKSMj9kQuhYVi8H08vnhU3pmnQGNEm2fQjp3f0/kLDZmEoe2M2Y4Msu1mflfrZthdN3LhUozBMUXi6JMUkzoLAU6EBo4yokFxrWwt1I+YppxtFmVbQj+8pdXoXVR8y3fX1brN0UcJXJCTsk58ckVqZM70iBNwklGnskreXOenBfn3flYtK45xcwx+SPn8wdmGJLn</latexit><latexit sha1_base64="jJNwPOo8kDW1bleUku82G2DEcTs=">AAAB+HicbZBNS8NAEIY3ftb60ahHL4tF8FQSEfRY9OKxgv2AppTNdtIu3WzC7kSoob/EiwdFvPpTvPlv3LY5aOsLCw/vzDCzb5hKYdDzvp219Y3Nre3STnl3b/+g4h4etUySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2Ob2f19iNoIxL1gJMUejEbKhEJztBafbcSSIgwyGmgxXCEtb5b9WreXHQV/AKqpFCj734Fg4RnMSjkkhnT9b0UeznTKLiEaTnIDKSMj9kQuhYVi8H08vnhU3pmnQGNEm2fQjp3f0/kLDZmEoe2M2Y4Msu1mflfrZthdN3LhUozBMUXi6JMUkzoLAU6EBo4yokFxrWwt1I+YppxtFmVbQj+8pdXoXVR8y3fX1brN0UcJXJCTsk58ckVqZM70iBNwklGnskreXOenBfn3flYtK45xcwx+SPn8wdmGJLn</latexit>

latent 
distribution

p(x|z)
<latexit sha1_base64="GHa2B9bZnwQ41paw3Mrxxk9fHns=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yW36f0P3qVHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKoqXVg==</latexit><latexit sha1_base64="GHa2B9bZnwQ41paw3Mrxxk9fHns=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yW36f0P3qVHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKoqXVg==</latexit><latexit sha1_base64="GHa2B9bZnwQ41paw3Mrxxk9fHns=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yW36f0P3qVHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKoqXVg==</latexit><latexit sha1_base64="GHa2B9bZnwQ41paw3Mrxxk9fHns=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yW36f0P3qVHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKoqXVg==</latexit>

p(z|x)
<latexit sha1_base64="mGNtEM172RlBTNpdHA167A/xiyc=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yV36f0P3qZHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKqCXVg==</latexit><latexit sha1_base64="mGNtEM172RlBTNpdHA167A/xiyc=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yV36f0P3qZHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKqCXVg==</latexit><latexit sha1_base64="mGNtEM172RlBTNpdHA167A/xiyc=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yV36f0P3qZHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKqCXVg==</latexit><latexit sha1_base64="mGNtEM172RlBTNpdHA167A/xiyc=">AAACAXicbZDLSsNAFIZP6q3WW9SN4GawCHVTEhF0WXTjsoK9QBvKZDpph04uzEzEGuPGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GYWFxaXlleJqaW19Y3PL3N5pyjAWhDZIyEPRdrGknAW0oZjitB0Jin2X05Y7usjqrRsqJAuDazWOqOPjQcA8RrDSVs/ciypdH6uh6yV36f0P3qZHPbNsVa2J0DzYOZQhV71nfnb7IYl9GijCsZQd24qUk2ChGOE0LXVjSSNMRnhAOxoD7FPpJJMLUnSonT7yQqFfoNDE/T2RYF/Kse/qzmxFOVvLzP9qnVh5Z07CgihWNCDTj7yYIxWiLA7UZ4ISxccaMBFM74rIEAtMlA6tpEOwZ0+eh+Zx1dZ8dVKunedxFGEfDqACNpxCDS6hDg0g8ABP8AKvxqPxbLwZ79PWgpHP7MIfGR/fKqCXVg==</latexit>

q(z|x)
<latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit>

p(z)
<latexit sha1_base64="fC+jhGFbCrMaMYnRKFVRV2UYdTo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bisYB/QDiWTZtrQTCYmmUId+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cQHKmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGiCG2SmMeqE2BNORO0aZjhtCMVxVHAaTsY32Z+e0KVZrF4MFNJ/QgPBQsZwcZKvqz2ImxGQZg+zc775Ypbc+dAq8TLSQVyNPrlr94gJklEhSEca931XGn8FCvDCKezUi/RVGIyxkPatVTgiGo/nYeeoTOrDFAYK/uEQXP190aKI62nUWAns4h62cvE/7xuYsJrP2VCJoYKsjgUJhyZGGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSuqh5lt9fVuo3eR1FOIFTqIIHV1CHO2hAEwg8wjO8wpszcV6cd+djMVpw8p1j+APn8wefB5H9</latexit><latexit sha1_base64="fC+jhGFbCrMaMYnRKFVRV2UYdTo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bisYB/QDiWTZtrQTCYmmUId+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cQHKmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGiCG2SmMeqE2BNORO0aZjhtCMVxVHAaTsY32Z+e0KVZrF4MFNJ/QgPBQsZwcZKvqz2ImxGQZg+zc775Ypbc+dAq8TLSQVyNPrlr94gJklEhSEca931XGn8FCvDCKezUi/RVGIyxkPatVTgiGo/nYeeoTOrDFAYK/uEQXP190aKI62nUWAns4h62cvE/7xuYsJrP2VCJoYKsjgUJhyZGGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSuqh5lt9fVuo3eR1FOIFTqIIHV1CHO2hAEwg8wjO8wpszcV6cd+djMVpw8p1j+APn8wefB5H9</latexit><latexit sha1_base64="fC+jhGFbCrMaMYnRKFVRV2UYdTo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bisYB/QDiWTZtrQTCYmmUId+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cQHKmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGiCG2SmMeqE2BNORO0aZjhtCMVxVHAaTsY32Z+e0KVZrF4MFNJ/QgPBQsZwcZKvqz2ImxGQZg+zc775Ypbc+dAq8TLSQVyNPrlr94gJklEhSEca931XGn8FCvDCKezUi/RVGIyxkPatVTgiGo/nYeeoTOrDFAYK/uEQXP190aKI62nUWAns4h62cvE/7xuYsJrP2VCJoYKsjgUJhyZGGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSuqh5lt9fVuo3eR1FOIFTqIIHV1CHO2hAEwg8wjO8wpszcV6cd+djMVpw8p1j+APn8wefB5H9</latexit><latexit sha1_base64="fC+jhGFbCrMaMYnRKFVRV2UYdTo=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bisYB/QDiWTZtrQTCYmmUId+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cQHKmjet+O4W19Y3NreJ2aWd3b/+gfHjU0nGiCG2SmMeqE2BNORO0aZjhtCMVxVHAaTsY32Z+e0KVZrF4MFNJ/QgPBQsZwcZKvqz2ImxGQZg+zc775Ypbc+dAq8TLSQVyNPrlr94gJklEhSEca931XGn8FCvDCKezUi/RVGIyxkPatVTgiGo/nYeeoTOrDFAYK/uEQXP190aKI62nUWAns4h62cvE/7xuYsJrP2VCJoYKsjgUJhyZGGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSuqh5lt9fVuo3eR1FOIFTqIIHV1CHO2hAEwg8wjO8wpszcV6cd+djMVpw8p1j+APn8wefB5H9</latexit>

z ⇠ N (0, I)
<latexit sha1_base64="o0p3rkjAqShFMkmeWuXcv1IOFwU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG91IBfuAzlAyaaYNTTJDkhHqMFs3/oobF4q49Q/c+Tdm2llo64HAyTn3cu89Qcyo0o7zbS0sLi2vrJbWyusbm1vb9s5uS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdJn77XsiFY3EnR7HxOdoIGhIMdJG6tnQ40gPgzB9yDxF+fSLEUtvsqpzfH0Ee3bFqTkTwHniFqQCCjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvYSRWKER2hAuoYKxIny08klGTw0Sh+GkTRPaDhRf3ekiCs15oGpzBdVs14u/ud1Ex2e+ykVcaKJwNNBYcKgjmAeC+xTSbBmY0MQltTsCvEQSYS1Ca9sQnBnT54nrZOaa/jtaaV+UcRRAvvgAFSBC85AHVyBBmgCDB7BM3gFb9aT9WK9Wx/T0gWr6NkDf2B9/gB9H5mC</latexit><latexit sha1_base64="o0p3rkjAqShFMkmeWuXcv1IOFwU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG91IBfuAzlAyaaYNTTJDkhHqMFs3/oobF4q49Q/c+Tdm2llo64HAyTn3cu89Qcyo0o7zbS0sLi2vrJbWyusbm1vb9s5uS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdJn77XsiFY3EnR7HxOdoIGhIMdJG6tnQ40gPgzB9yDxF+fSLEUtvsqpzfH0Ee3bFqTkTwHniFqQCCjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvYSRWKER2hAuoYKxIny08klGTw0Sh+GkTRPaDhRf3ekiCs15oGpzBdVs14u/ud1Ex2e+ykVcaKJwNNBYcKgjmAeC+xTSbBmY0MQltTsCvEQSYS1Ca9sQnBnT54nrZOaa/jtaaV+UcRRAvvgAFSBC85AHVyBBmgCDB7BM3gFb9aT9WK9Wx/T0gWr6NkDf2B9/gB9H5mC</latexit><latexit sha1_base64="o0p3rkjAqShFMkmeWuXcv1IOFwU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG91IBfuAzlAyaaYNTTJDkhHqMFs3/oobF4q49Q/c+Tdm2llo64HAyTn3cu89Qcyo0o7zbS0sLi2vrJbWyusbm1vb9s5uS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdJn77XsiFY3EnR7HxOdoIGhIMdJG6tnQ40gPgzB9yDxF+fSLEUtvsqpzfH0Ee3bFqTkTwHniFqQCCjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvYSRWKER2hAuoYKxIny08klGTw0Sh+GkTRPaDhRf3ekiCs15oGpzBdVs14u/ud1Ex2e+ykVcaKJwNNBYcKgjmAeC+xTSbBmY0MQltTsCvEQSYS1Ca9sQnBnT54nrZOaa/jtaaV+UcRRAvvgAFSBC85AHVyBBmgCDB7BM3gFb9aT9WK9Wx/T0gWr6NkDf2B9/gB9H5mC</latexit><latexit sha1_base64="o0p3rkjAqShFMkmeWuXcv1IOFwU=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMuiG91IBfuAzlAyaaYNTTJDkhHqMFs3/oobF4q49Q/c+Tdm2llo64HAyTn3cu89Qcyo0o7zbS0sLi2vrJbWyusbm1vb9s5uS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdJn77XsiFY3EnR7HxOdoIGhIMdJG6tnQ40gPgzB9yDxF+fSLEUtvsqpzfH0Ee3bFqTkTwHniFqQCCjR69pfXj3DCidCYIaW6rhNrP0VSU8xIVvYSRWKER2hAuoYKxIny08klGTw0Sh+GkTRPaDhRf3ekiCs15oGpzBdVs14u/ud1Ex2e+ykVcaKJwNNBYcKgjmAeC+xTSbBmY0MQltTsCvEQSYS1Ca9sQnBnT54nrZOaa/jtaaV+UcRRAvvgAFSBC85AHVyBBmgCDB7BM3gFb9aT9WK9Wx/T0gWr6NkDf2B9/gB9H5mC</latexit>



p(z) = N (0, I)
<latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit>

Intuition behind VAEs
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p(x)
<latexit sha1_base64="MsJgNuIhuEnSxzqV7AQC6J+7lec=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreXG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8web+5H7</latexit><latexit sha1_base64="MsJgNuIhuEnSxzqV7AQC6J+7lec=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreXG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8web+5H7</latexit><latexit sha1_base64="MsJgNuIhuEnSxzqV7AQC6J+7lec=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreXG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8web+5H7</latexit><latexit sha1_base64="MsJgNuIhuEnSxzqV7AQC6J+7lec=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkWomzIjgi6LblxWsA9oh5JJM21oJjMmmWIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5YKYx80IylDzglBgreXG1FxIz8oP0aXbeL1ecmjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZRL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtC5qruX3l5X6TV5HEU7gFKrgwhXU4Q4a0AQKj/AMr/CGJugFvaOPxWgB5TvH8Afo8web+5H7</latexit>

x2
<latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit>

q(z|x2)
<latexit sha1_base64="x/TtixQ91jre3LsaucSMdPD1CiQ=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSFEGXRTcuK9gLtCFMppN26GQSZyZijQE3voobF4q49SXc+TZO2gja+sPAx3/OYc75vYhRqSzryygsLC4trxRXS2vrG5tb5vZOS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre6Dyrt2+IkDTkV2ocESdAA059ipHSlmvuXVd6AVJDz0/u0vsfvE3d2pFrlq2qNRGcBzuHMsjVcM3PXj/EcUC4wgxJ2bWtSDkJEopiRtJSL5YkQniEBqSrkaOASCeZ3JDCQ+30oR8K/biCE/f3RIICKceBpzuzJeVsLTP/q3Vj5Z86CeVRrAjH04/8mEEVwiwQ2KeCYMXGGhAWVO8K8RAJhJWOraRDsGdPnodWrWprvjwu18/yOIpgHxyACrDBCaiDC9AATYDBA3gCL+DVeDSejTfjfdpaMPKZXfBHxsc3ZoiX/A==</latexit><latexit sha1_base64="x/TtixQ91jre3LsaucSMdPD1CiQ=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSFEGXRTcuK9gLtCFMppN26GQSZyZijQE3voobF4q49SXc+TZO2gja+sPAx3/OYc75vYhRqSzryygsLC4trxRXS2vrG5tb5vZOS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre6Dyrt2+IkDTkV2ocESdAA059ipHSlmvuXVd6AVJDz0/u0vsfvE3d2pFrlq2qNRGcBzuHMsjVcM3PXj/EcUC4wgxJ2bWtSDkJEopiRtJSL5YkQniEBqSrkaOASCeZ3JDCQ+30oR8K/biCE/f3RIICKceBpzuzJeVsLTP/q3Vj5Z86CeVRrAjH04/8mEEVwiwQ2KeCYMXGGhAWVO8K8RAJhJWOraRDsGdPnodWrWprvjwu18/yOIpgHxyACrDBCaiDC9AATYDBA3gCL+DVeDSejTfjfdpaMPKZXfBHxsc3ZoiX/A==</latexit><latexit sha1_base64="x/TtixQ91jre3LsaucSMdPD1CiQ=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSFEGXRTcuK9gLtCFMppN26GQSZyZijQE3voobF4q49SXc+TZO2gja+sPAx3/OYc75vYhRqSzryygsLC4trxRXS2vrG5tb5vZOS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre6Dyrt2+IkDTkV2ocESdAA059ipHSlmvuXVd6AVJDz0/u0vsfvE3d2pFrlq2qNRGcBzuHMsjVcM3PXj/EcUC4wgxJ2bWtSDkJEopiRtJSL5YkQniEBqSrkaOASCeZ3JDCQ+30oR8K/biCE/f3RIICKceBpzuzJeVsLTP/q3Vj5Z86CeVRrAjH04/8mEEVwiwQ2KeCYMXGGhAWVO8K8RAJhJWOraRDsGdPnodWrWprvjwu18/yOIpgHxyACrDBCaiDC9AATYDBA3gCL+DVeDSejTfjfdpaMPKZXfBHxsc3ZoiX/A==</latexit><latexit sha1_base64="x/TtixQ91jre3LsaucSMdPD1CiQ=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSFEGXRTcuK9gLtCFMppN26GQSZyZijQE3voobF4q49SXc+TZO2gja+sPAx3/OYc75vYhRqSzryygsLC4trxRXS2vrG5tb5vZOS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre6Dyrt2+IkDTkV2ocESdAA059ipHSlmvuXVd6AVJDz0/u0vsfvE3d2pFrlq2qNRGcBzuHMsjVcM3PXj/EcUC4wgxJ2bWtSDkJEopiRtJSL5YkQniEBqSrkaOASCeZ3JDCQ+30oR8K/biCE/f3RIICKceBpzuzJeVsLTP/q3Vj5Z86CeVRrAjH04/8mEEVwiwQ2KeCYMXGGhAWVO8K8RAJhJWOraRDsGdPnodWrWprvjwu18/yOIpgHxyACrDBCaiDC9AATYDBA3gCL+DVeDSejTfjfdpaMPKZXfBHxsc3ZoiX/A==</latexit>

q(z|x1)
<latexit sha1_base64="dNqF0RYi0JP2/qwMWUPStHbyRl4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkIuiy6MZlBXuBNpTJdNIOnVycmYg1Btz4Km5cKOLWl3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qZd+7BrlqyKNRaaBTuHEuSqdc3PTi8ksU8DRTiWsm1bkXISLBQjnKbFTixphMkQ92lbY4B9Kp1kfEOKDrTTQ14o9AsUGru/JxLsSznyXd2ZLSmna5n5X60dK+/USVgQxYoGZPKRF3OkQpQFgnpMUKL4SAMmguldERlggYnSsRV1CPb0ybPQOKrYmi+PS9WzPI4C7ME+lMGGE6jCBdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzdlA5f7</latexit><latexit sha1_base64="dNqF0RYi0JP2/qwMWUPStHbyRl4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkIuiy6MZlBXuBNpTJdNIOnVycmYg1Btz4Km5cKOLWl3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qZd+7BrlqyKNRaaBTuHEuSqdc3PTi8ksU8DRTiWsm1bkXISLBQjnKbFTixphMkQ92lbY4B9Kp1kfEOKDrTTQ14o9AsUGru/JxLsSznyXd2ZLSmna5n5X60dK+/USVgQxYoGZPKRF3OkQpQFgnpMUKL4SAMmguldERlggYnSsRV1CPb0ybPQOKrYmi+PS9WzPI4C7ME+lMGGE6jCBdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzdlA5f7</latexit><latexit sha1_base64="dNqF0RYi0JP2/qwMWUPStHbyRl4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkIuiy6MZlBXuBNpTJdNIOnVycmYg1Btz4Km5cKOLWl3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qZd+7BrlqyKNRaaBTuHEuSqdc3PTi8ksU8DRTiWsm1bkXISLBQjnKbFTixphMkQ92lbY4B9Kp1kfEOKDrTTQ14o9AsUGru/JxLsSznyXd2ZLSmna5n5X60dK+/USVgQxYoGZPKRF3OkQpQFgnpMUKL4SAMmguldERlggYnSsRV1CPb0ybPQOKrYmi+PS9WzPI4C7ME+lMGGE6jCBdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzdlA5f7</latexit><latexit sha1_base64="dNqF0RYi0JP2/qwMWUPStHbyRl4=">AAACA3icbZDLSsNAFIZPvNZ6i7rTzWAR6qYkIuiy6MZlBXuBNpTJdNIOnVycmYg1Btz4Km5cKOLWl3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qZd+7BrlqyKNRaaBTuHEuSqdc3PTi8ksU8DRTiWsm1bkXISLBQjnKbFTixphMkQ92lbY4B9Kp1kfEOKDrTTQ14o9AsUGru/JxLsSznyXd2ZLSmna5n5X60dK+/USVgQxYoGZPKRF3OkQpQFgnpMUKL4SAMmguldERlggYnSsRV1CPb0ybPQOKrYmi+PS9WzPI4C7ME+lMGGE6jCBdSgDgQe4Ale4NV4NJ6NN+N90jpn5DM78EfGxzdlA5f7</latexit>

µ(x1),�(x1)
<latexit sha1_base64="iO6Jc0A8mp4DRNroB++sSeT1+Lg=">AAACEXicbZDLSsNAFIYnXmu9RV26CRYhBSmJCLosunFZwV6gCWEynbRDZyZhZiKWkFdw46u4caGIW3fufBsnbRa19YeBj/+cw5zzhwklUjnOj7Gyura+sVnZqm7v7O7tmweHHRmnAuE2imkseiGUmBKO24ooinuJwJCFFHfD8U1R7z5gIUnM79UkwT6DQ04igqDSVmDaHkvtzGNQjcIoe8wDt37mSTJk0J4383pg1pyGM5W1DG4JNVCqFZjf3iBGKcNcIQql7LtOovwMCkUQxXnVSyVOIBrDIe5r5JBh6WfTi3LrVDsDK4qFflxZU3d+IoNMygkLdWexpVysFeZ/tX6qois/IzxJFeZo9lGUUkvFVhGPNSACI0UnGiASRO9qoREUECkdYlWH4C6evAyd84ar+e6i1rwu46iAY3ACbOCCS9AEt6AF2gCBJ/AC3sC78Wy8Gh/G56x1xShnjsAfGV+/SRmdSA==</latexit><latexit sha1_base64="iO6Jc0A8mp4DRNroB++sSeT1+Lg=">AAACEXicbZDLSsNAFIYnXmu9RV26CRYhBSmJCLosunFZwV6gCWEynbRDZyZhZiKWkFdw46u4caGIW3fufBsnbRa19YeBj/+cw5zzhwklUjnOj7Gyura+sVnZqm7v7O7tmweHHRmnAuE2imkseiGUmBKO24ooinuJwJCFFHfD8U1R7z5gIUnM79UkwT6DQ04igqDSVmDaHkvtzGNQjcIoe8wDt37mSTJk0J4383pg1pyGM5W1DG4JNVCqFZjf3iBGKcNcIQql7LtOovwMCkUQxXnVSyVOIBrDIe5r5JBh6WfTi3LrVDsDK4qFflxZU3d+IoNMygkLdWexpVysFeZ/tX6qois/IzxJFeZo9lGUUkvFVhGPNSACI0UnGiASRO9qoREUECkdYlWH4C6evAyd84ar+e6i1rwu46iAY3ACbOCCS9AEt6AF2gCBJ/AC3sC78Wy8Gh/G56x1xShnjsAfGV+/SRmdSA==</latexit><latexit sha1_base64="iO6Jc0A8mp4DRNroB++sSeT1+Lg=">AAACEXicbZDLSsNAFIYnXmu9RV26CRYhBSmJCLosunFZwV6gCWEynbRDZyZhZiKWkFdw46u4caGIW3fufBsnbRa19YeBj/+cw5zzhwklUjnOj7Gyura+sVnZqm7v7O7tmweHHRmnAuE2imkseiGUmBKO24ooinuJwJCFFHfD8U1R7z5gIUnM79UkwT6DQ04igqDSVmDaHkvtzGNQjcIoe8wDt37mSTJk0J4383pg1pyGM5W1DG4JNVCqFZjf3iBGKcNcIQql7LtOovwMCkUQxXnVSyVOIBrDIe5r5JBh6WfTi3LrVDsDK4qFflxZU3d+IoNMygkLdWexpVysFeZ/tX6qois/IzxJFeZo9lGUUkvFVhGPNSACI0UnGiASRO9qoREUECkdYlWH4C6evAyd84ar+e6i1rwu46iAY3ACbOCCS9AEt6AF2gCBJ/AC3sC78Wy8Gh/G56x1xShnjsAfGV+/SRmdSA==</latexit><latexit sha1_base64="iO6Jc0A8mp4DRNroB++sSeT1+Lg=">AAACEXicbZDLSsNAFIYnXmu9RV26CRYhBSmJCLosunFZwV6gCWEynbRDZyZhZiKWkFdw46u4caGIW3fufBsnbRa19YeBj/+cw5zzhwklUjnOj7Gyura+sVnZqm7v7O7tmweHHRmnAuE2imkseiGUmBKO24ooinuJwJCFFHfD8U1R7z5gIUnM79UkwT6DQ04igqDSVmDaHkvtzGNQjcIoe8wDt37mSTJk0J4383pg1pyGM5W1DG4JNVCqFZjf3iBGKcNcIQql7LtOovwMCkUQxXnVSyVOIBrDIe5r5JBh6WfTi3LrVDsDK4qFflxZU3d+IoNMygkLdWexpVysFeZ/tX6qois/IzxJFeZo9lGUUkvFVhGPNSACI0UnGiASRO9qoREUECkdYlWH4C6evAyd84ar+e6i1rwu46iAY3ACbOCCS9AEt6AF2gCBJ/AC3sC78Wy8Gh/G56x1xShnjsAfGV+/SRmdSA==</latexit>

µ(x2), �(x2)
<latexit sha1_base64="OS6IcNF0W6PO1pvWKfxZsnfnebE=">AAACEXicbZDLSsNAFIYn9VbrLerSTbAIKUhJiqDLohuXFewFmhAm00k7dGYSZiZiCXkFN76KGxeKuHXnzrdx2mZRW38Y+PjPOcw5f5hQIpXj/BiltfWNza3ydmVnd2//wDw86sg4FQi3UUxj0QuhxJRw3FZEUdxLBIYspLgbjm+m9e4DFpLE/F5NEuwzOOQkIggqbQWm7bHUzjwG1SiMssc8aNTOPUmGDNqLZl4LzKpTd2ayVsEtoAoKtQLz2xvEKGWYK0ShlH3XSZSfQaEIojiveKnECURjOMR9jRwyLP1sdlFunWlnYEWx0I8ra+YuTmSQSTlhoe6cbimXa1Pzv1o/VdGVnxGepApzNP8oSqmlYmsajzUgAiNFJxogEkTvaqERFBApHWJFh+Aun7wKnUbd1Xx3UW1eF3GUwQk4BTZwwSVoglvQAm2AwBN4AW/g3Xg2Xo0P43PeWjKKmWPwR8bXL0w6nUo=</latexit><latexit sha1_base64="OS6IcNF0W6PO1pvWKfxZsnfnebE=">AAACEXicbZDLSsNAFIYn9VbrLerSTbAIKUhJiqDLohuXFewFmhAm00k7dGYSZiZiCXkFN76KGxeKuHXnzrdx2mZRW38Y+PjPOcw5f5hQIpXj/BiltfWNza3ydmVnd2//wDw86sg4FQi3UUxj0QuhxJRw3FZEUdxLBIYspLgbjm+m9e4DFpLE/F5NEuwzOOQkIggqbQWm7bHUzjwG1SiMssc8aNTOPUmGDNqLZl4LzKpTd2ayVsEtoAoKtQLz2xvEKGWYK0ShlH3XSZSfQaEIojiveKnECURjOMR9jRwyLP1sdlFunWlnYEWx0I8ra+YuTmSQSTlhoe6cbimXa1Pzv1o/VdGVnxGepApzNP8oSqmlYmsajzUgAiNFJxogEkTvaqERFBApHWJFh+Aun7wKnUbd1Xx3UW1eF3GUwQk4BTZwwSVoglvQAm2AwBN4AW/g3Xg2Xo0P43PeWjKKmWPwR8bXL0w6nUo=</latexit><latexit sha1_base64="OS6IcNF0W6PO1pvWKfxZsnfnebE=">AAACEXicbZDLSsNAFIYn9VbrLerSTbAIKUhJiqDLohuXFewFmhAm00k7dGYSZiZiCXkFN76KGxeKuHXnzrdx2mZRW38Y+PjPOcw5f5hQIpXj/BiltfWNza3ydmVnd2//wDw86sg4FQi3UUxj0QuhxJRw3FZEUdxLBIYspLgbjm+m9e4DFpLE/F5NEuwzOOQkIggqbQWm7bHUzjwG1SiMssc8aNTOPUmGDNqLZl4LzKpTd2ayVsEtoAoKtQLz2xvEKGWYK0ShlH3XSZSfQaEIojiveKnECURjOMR9jRwyLP1sdlFunWlnYEWx0I8ra+YuTmSQSTlhoe6cbimXa1Pzv1o/VdGVnxGepApzNP8oSqmlYmsajzUgAiNFJxogEkTvaqERFBApHWJFh+Aun7wKnUbd1Xx3UW1eF3GUwQk4BTZwwSVoglvQAm2AwBN4AW/g3Xg2Xo0P43PeWjKKmWPwR8bXL0w6nUo=</latexit><latexit sha1_base64="OS6IcNF0W6PO1pvWKfxZsnfnebE=">AAACEXicbZDLSsNAFIYn9VbrLerSTbAIKUhJiqDLohuXFewFmhAm00k7dGYSZiZiCXkFN76KGxeKuHXnzrdx2mZRW38Y+PjPOcw5f5hQIpXj/BiltfWNza3ydmVnd2//wDw86sg4FQi3UUxj0QuhxJRw3FZEUdxLBIYspLgbjm+m9e4DFpLE/F5NEuwzOOQkIggqbQWm7bHUzjwG1SiMssc8aNTOPUmGDNqLZl4LzKpTd2ayVsEtoAoKtQLz2xvEKGWYK0ShlH3XSZSfQaEIojiveKnECURjOMR9jRwyLP1sdlFunWlnYEWx0I8ra+YuTmSQSTlhoe6cbimXa1Pzv1o/VdGVnxGepApzNP8oSqmlYmsajzUgAiNFJxogEkTvaqERFBApHWJFh+Aun7wKnUbd1Xx3UW1eF3GUwQk4BTZwwSVoglvQAm2AwBN4AW/g3Xg2Xo0P43PeWjKKmWPwR8bXL0w6nUo=</latexit>

µ(x3), �(x3)
<latexit sha1_base64="ZLYrJspwA0U0VtZ+DSaCVy063nk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARWpCSqKDLohuXFewFmhAm00k7dCYJMxOxhLyCG1/FjQtF3Lpz59s4abOorT8MfPznHOac348ZlcqyfozSyura+kZ5s7K1vbO7Z+4fdGSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj2/yeveBCEmj8F5NYuJyNAxpQDFS2vLMmsOTWupwpEZ+kD5m3nn91JF0yFFt3szqnlm1GtZUcBnsAqqgUMszv51BhBNOQoUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrzFEnEg3nV6UwRPtDGAQCf1CBafu/ESKuJQT7uvOfEu5WMvN/2r9RAVXbkrDOFEkxLOPgoRBFcE8HjiggmDFJhoQFlTvCvEICYSVDrGiQ7AXT16GzlnD1nx3UW1eF3GUwRE4BjVgg0vQBLegBdoAgyfwAt7Au/FsvBofxuestWQUM4fgj4yvX09bnUw=</latexit><latexit sha1_base64="ZLYrJspwA0U0VtZ+DSaCVy063nk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARWpCSqKDLohuXFewFmhAm00k7dCYJMxOxhLyCG1/FjQtF3Lpz59s4abOorT8MfPznHOac348ZlcqyfozSyura+kZ5s7K1vbO7Z+4fdGSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj2/yeveBCEmj8F5NYuJyNAxpQDFS2vLMmsOTWupwpEZ+kD5m3nn91JF0yFFt3szqnlm1GtZUcBnsAqqgUMszv51BhBNOQoUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrzFEnEg3nV6UwRPtDGAQCf1CBafu/ESKuJQT7uvOfEu5WMvN/2r9RAVXbkrDOFEkxLOPgoRBFcE8HjiggmDFJhoQFlTvCvEICYSVDrGiQ7AXT16GzlnD1nx3UW1eF3GUwRE4BjVgg0vQBLegBdoAgyfwAt7Au/FsvBofxuestWQUM4fgj4yvX09bnUw=</latexit><latexit sha1_base64="ZLYrJspwA0U0VtZ+DSaCVy063nk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARWpCSqKDLohuXFewFmhAm00k7dCYJMxOxhLyCG1/FjQtF3Lpz59s4abOorT8MfPznHOac348ZlcqyfozSyura+kZ5s7K1vbO7Z+4fdGSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj2/yeveBCEmj8F5NYuJyNAxpQDFS2vLMmsOTWupwpEZ+kD5m3nn91JF0yFFt3szqnlm1GtZUcBnsAqqgUMszv51BhBNOQoUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrzFEnEg3nV6UwRPtDGAQCf1CBafu/ESKuJQT7uvOfEu5WMvN/2r9RAVXbkrDOFEkxLOPgoRBFcE8HjiggmDFJhoQFlTvCvEICYSVDrGiQ7AXT16GzlnD1nx3UW1eF3GUwRE4BjVgg0vQBLegBdoAgyfwAt7Au/FsvBofxuestWQUM4fgj4yvX09bnUw=</latexit><latexit sha1_base64="ZLYrJspwA0U0VtZ+DSaCVy063nk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARWpCSqKDLohuXFewFmhAm00k7dCYJMxOxhLyCG1/FjQtF3Lpz59s4abOorT8MfPznHOac348ZlcqyfozSyura+kZ5s7K1vbO7Z+4fdGSUCEzaOGKR6PlIEkZD0lZUMdKLBUHcZ6Trj2/yeveBCEmj8F5NYuJyNAxpQDFS2vLMmsOTWupwpEZ+kD5m3nn91JF0yFFt3szqnlm1GtZUcBnsAqqgUMszv51BhBNOQoUZkrJvW7FyUyQUxYxkFSeRJEZ4jIakrzFEnEg3nV6UwRPtDGAQCf1CBafu/ESKuJQT7uvOfEu5WMvN/2r9RAVXbkrDOFEkxLOPgoRBFcE8HjiggmDFJhoQFlTvCvEICYSVDrGiQ7AXT16GzlnD1nx3UW1eF3GUwRE4BjVgg0vQBLegBdoAgyfwAt7Au/FsvBofxuestWQUM4fgj4yvX09bnUw=</latexit>

x1
<latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit>

q(z|x3)
<latexit sha1_base64="Lp6ntP1m+YSykOIBP4jdKCXl+8M=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSqKDLohuXFewF2hAm00k7dDKJMxOxxoAbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8XsSoVJb1ZRTm5hcWl4rLpZXVtfUNc3OrKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJ7VWzdESBryKzWKiBOgPqc+xUhpyzV3rivdAKmB5yd36f0P3qbu0YFrlq2qNRacBTuHMshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJSN5YkQniI+qSjkaOASCcZ35DCfe30oB8K/biCY/f3RIICKUeBpzuzJeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwQ2KOCYMVGGhAWVO8K8QAJhJWOraRDsKdPnoXmYdXWfHlcrp3lcRTBLtgDFWCDE1ADF6AOGgCDB/AEXsCr8Wg8G2/G+6S1YOQz2+CPjI9vaA2X/Q==</latexit><latexit sha1_base64="Lp6ntP1m+YSykOIBP4jdKCXl+8M=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSqKDLohuXFewF2hAm00k7dDKJMxOxxoAbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8XsSoVJb1ZRTm5hcWl4rLpZXVtfUNc3OrKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJ7VWzdESBryKzWKiBOgPqc+xUhpyzV3rivdAKmB5yd36f0P3qbu0YFrlq2qNRacBTuHMshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJSN5YkQniI+qSjkaOASCcZ35DCfe30oB8K/biCY/f3RIICKUeBpzuzJeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwQ2KOCYMVGGhAWVO8K8QAJhJWOraRDsKdPnoXmYdXWfHlcrp3lcRTBLtgDFWCDE1ADF6AOGgCDB/AEXsCr8Wg8G2/G+6S1YOQz2+CPjI9vaA2X/Q==</latexit><latexit sha1_base64="Lp6ntP1m+YSykOIBP4jdKCXl+8M=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSqKDLohuXFewF2hAm00k7dDKJMxOxxoAbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8XsSoVJb1ZRTm5hcWl4rLpZXVtfUNc3OrKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJ7VWzdESBryKzWKiBOgPqc+xUhpyzV3rivdAKmB5yd36f0P3qbu0YFrlq2qNRacBTuHMshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJSN5YkQniI+qSjkaOASCcZ35DCfe30oB8K/biCY/f3RIICKUeBpzuzJeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwQ2KOCYMVGGhAWVO8K8QAJhJWOraRDsKdPnoXmYdXWfHlcrp3lcRTBLtgDFWCDE1ADF6AOGgCDB/AEXsCr8Wg8G2/G+6S1YOQz2+CPjI9vaA2X/Q==</latexit><latexit sha1_base64="Lp6ntP1m+YSykOIBP4jdKCXl+8M=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSqKDLohuXFewF2hAm00k7dDKJMxOxxoAbX8WNC0Xc+hLufBsnbQRt/WHg4z/nMOf8XsSoVJb1ZRTm5hcWl4rLpZXVtfUNc3OrKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJ7VWzdESBryKzWKiBOgPqc+xUhpyzV3rivdAKmB5yd36f0P3qbu0YFrlq2qNRacBTuHMshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJSN5YkQniI+qSjkaOASCcZ35DCfe30oB8K/biCY/f3RIICKUeBpzuzJeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwQ2KOCYMVGGhAWVO8K8QAJhJWOraRDsKdPnoXmYdXWfHlcrp3lcRTBLtgDFWCDE1ADF6AOGgCDB/AEXsCr8Wg8G2/G+6S1YOQz2+CPjI9vaA2X/Q==</latexit>

x3
<latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit>

Slide adapted from Andrea Asperti

To get the latent code , we sample
from the mean and the standart 
deviation :

µ(x)
<latexit sha1_base64="IsQQ9m93Hv9ay21PTg9iLHASSqc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZQZEXRZdOOygn1AZyiZNNOGJpkhD7EO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OlDKqtOd9O6W19Y3NrfJ2ZWd3b7/qHhx2VGIkJm2csET2IqQIo4K0NdWM9FJJEI8Y6UaTm9zvPhCpaCLu9TQlIUcjQWOKkbbSwK0G3NQDjvQ4irPH2dnArXkNbw64SvyC1ECB1sD9CoYJNpwIjRlSqu97qQ4zJDXFjMwqgVEkRXiCRqRvqUCcqDCbB5/BU6sMYZxI+4SGc/X3Roa4UlMe2ck8olr2cvE/r290fBVmVKRGE4EXh2LDoE5g3gIcUkmwZlNLEJbUZoV4jCTC2nZVsSX4y19eJZ3zhm/53UWteV3UUQbH4ATUgQ8uQRPcghZoAwwMeAav4M15cl6cd+djMVpyip0j8AfO5w+gzZMO</latexit><latexit sha1_base64="IsQQ9m93Hv9ay21PTg9iLHASSqc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZQZEXRZdOOygn1AZyiZNNOGJpkhD7EO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OlDKqtOd9O6W19Y3NrfJ2ZWd3b7/qHhx2VGIkJm2csET2IqQIo4K0NdWM9FJJEI8Y6UaTm9zvPhCpaCLu9TQlIUcjQWOKkbbSwK0G3NQDjvQ4irPH2dnArXkNbw64SvyC1ECB1sD9CoYJNpwIjRlSqu97qQ4zJDXFjMwqgVEkRXiCRqRvqUCcqDCbB5/BU6sMYZxI+4SGc/X3Roa4UlMe2ck8olr2cvE/r290fBVmVKRGE4EXh2LDoE5g3gIcUkmwZlNLEJbUZoV4jCTC2nZVsSX4y19eJZ3zhm/53UWteV3UUQbH4ATUgQ8uQRPcghZoAwwMeAav4M15cl6cd+djMVpyip0j8AfO5w+gzZMO</latexit><latexit sha1_base64="IsQQ9m93Hv9ay21PTg9iLHASSqc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZQZEXRZdOOygn1AZyiZNNOGJpkhD7EO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OlDKqtOd9O6W19Y3NrfJ2ZWd3b7/qHhx2VGIkJm2csET2IqQIo4K0NdWM9FJJEI8Y6UaTm9zvPhCpaCLu9TQlIUcjQWOKkbbSwK0G3NQDjvQ4irPH2dnArXkNbw64SvyC1ECB1sD9CoYJNpwIjRlSqu97qQ4zJDXFjMwqgVEkRXiCRqRvqUCcqDCbB5/BU6sMYZxI+4SGc/X3Roa4UlMe2ck8olr2cvE/r290fBVmVKRGE4EXh2LDoE5g3gIcUkmwZlNLEJbUZoV4jCTC2nZVsSX4y19eJZ3zhm/53UWteV3UUQbH4ATUgQ8uQRPcghZoAwwMeAav4M15cl6cd+djMVpyip0j8AfO5w+gzZMO</latexit><latexit sha1_base64="IsQQ9m93Hv9ay21PTg9iLHASSqc=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyxC3ZQZEXRZdOOygn1AZyiZNNOGJpkhD7EO/RI3LhRx66e482/MtLPQ1gOBwzn3ck9OlDKqtOd9O6W19Y3NrfJ2ZWd3b7/qHhx2VGIkJm2csET2IqQIo4K0NdWM9FJJEI8Y6UaTm9zvPhCpaCLu9TQlIUcjQWOKkbbSwK0G3NQDjvQ4irPH2dnArXkNbw64SvyC1ECB1sD9CoYJNpwIjRlSqu97qQ4zJDXFjMwqgVEkRXiCRqRvqUCcqDCbB5/BU6sMYZxI+4SGc/X3Roa4UlMe2ck8olr2cvE/r290fBVmVKRGE4EXh2LDoE5g3gIcUkmwZlNLEJbUZoV4jCTC2nZVsSX4y19eJZ3zhm/53UWteV3UUQbH4ATUgQ8uQRPcghZoAwwMeAav4M15cl6cd+djMVpyip0j8AfO5w+gzZMO</latexit>

�(x)
<latexit sha1_base64="1UkUSWZAEdhbXMCi0NAcxG3dCZc=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ac0oUymk3bozCTMTKQl9FfcuFDErT/izr9x0mahrQcGDufcyz1zwoRRpV332yptbG5t75R3K3v7B4dH9nG1o+JUYtLGMYtlL0SKMCpIW1PNSC+RBPGQkW44ucv97hORisbiUc8SEnA0EjSiGGkjDeyqr+iIo7rPkR6HUTadXwzsmttwF3DWiVeQGhRoDewvfxjjlBOhMUNK9T030UGGpKaYkXnFTxVJEJ6gEekbKhAnKsgW2efOuVGGThRL84R2FurvjQxxpWY8NJN5RLXq5eJ/Xj/V0U2QUZGkmgi8PBSlzNGxkxfhDKkkWLOZIQhLarI6eIwkwtrUVTEleKtfXiedy4Zn+MNVrXlb1FGGUziDOnhwDU24hxa0AcMUnuEV3qy59WK9Wx/L0ZJV7JzAH1ifP+6nlFs=</latexit><latexit sha1_base64="1UkUSWZAEdhbXMCi0NAcxG3dCZc=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ac0oUymk3bozCTMTKQl9FfcuFDErT/izr9x0mahrQcGDufcyz1zwoRRpV332yptbG5t75R3K3v7B4dH9nG1o+JUYtLGMYtlL0SKMCpIW1PNSC+RBPGQkW44ucv97hORisbiUc8SEnA0EjSiGGkjDeyqr+iIo7rPkR6HUTadXwzsmttwF3DWiVeQGhRoDewvfxjjlBOhMUNK9T030UGGpKaYkXnFTxVJEJ6gEekbKhAnKsgW2efOuVGGThRL84R2FurvjQxxpWY8NJN5RLXq5eJ/Xj/V0U2QUZGkmgi8PBSlzNGxkxfhDKkkWLOZIQhLarI6eIwkwtrUVTEleKtfXiedy4Zn+MNVrXlb1FGGUziDOnhwDU24hxa0AcMUnuEV3qy59WK9Wx/L0ZJV7JzAH1ifP+6nlFs=</latexit><latexit sha1_base64="1UkUSWZAEdhbXMCi0NAcxG3dCZc=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ac0oUymk3bozCTMTKQl9FfcuFDErT/izr9x0mahrQcGDufcyz1zwoRRpV332yptbG5t75R3K3v7B4dH9nG1o+JUYtLGMYtlL0SKMCpIW1PNSC+RBPGQkW44ucv97hORisbiUc8SEnA0EjSiGGkjDeyqr+iIo7rPkR6HUTadXwzsmttwF3DWiVeQGhRoDewvfxjjlBOhMUNK9T030UGGpKaYkXnFTxVJEJ6gEekbKhAnKsgW2efOuVGGThRL84R2FurvjQxxpWY8NJN5RLXq5eJ/Xj/V0U2QUZGkmgi8PBSlzNGxkxfhDKkkWLOZIQhLarI6eIwkwtrUVTEleKtfXiedy4Zn+MNVrXlb1FGGUziDOnhwDU24hxa0AcMUnuEV3qy59WK9Wx/L0ZJV7JzAH1ifP+6nlFs=</latexit><latexit sha1_base64="1UkUSWZAEdhbXMCi0NAcxG3dCZc=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyURQZdFNy4r2Ac0oUymk3bozCTMTKQl9FfcuFDErT/izr9x0mahrQcGDufcyz1zwoRRpV332yptbG5t75R3K3v7B4dH9nG1o+JUYtLGMYtlL0SKMCpIW1PNSC+RBPGQkW44ucv97hORisbiUc8SEnA0EjSiGGkjDeyqr+iIo7rPkR6HUTadXwzsmttwF3DWiVeQGhRoDewvfxjjlBOhMUNK9T030UGGpKaYkXnFTxVJEJ6gEekbKhAnKsgW2efOuVGGThRL84R2FurvjQxxpWY8NJN5RLXq5eJ/Xj/V0U2QUZGkmgi8PBSlzNGxkxfhDKkkWLOZIQhLarI6eIwkwtrUVTEleKtfXiedy4Zn+MNVrXlb1FGGUziDOnhwDU24hxa0AcMUnuEV3qy59WK9Wx/L0ZJV7JzAH1ifP+6nlFs=</latexit>

z
<latexit sha1_base64="6Ng/g7WQm6+4j7UBKB8sfhtMwmw=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2L+3SzSbsboQa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz00IuoGQVh9jTtV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzRJPyYlVBiSMlX3SkJn6eyOjkdaTKLCTeUK96OXif143NeGln3GZpAYlm38UpoKYmOTnkwFXyIyYWEKZ4jYrYSOqKDO2pIotwVs8eZm0z+qe5bfntcZVUUcZjuAYTsGDC2jADTShBQwkPMMrvDnaeXHenY/5aMkpdg7hD5zPHwBUkR4=</latexit><latexit sha1_base64="6Ng/g7WQm6+4j7UBKB8sfhtMwmw=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2L+3SzSbsboQa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz00IuoGQVh9jTtV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzRJPyYlVBiSMlX3SkJn6eyOjkdaTKLCTeUK96OXif143NeGln3GZpAYlm38UpoKYmOTnkwFXyIyYWEKZ4jYrYSOqKDO2pIotwVs8eZm0z+qe5bfntcZVUUcZjuAYTsGDC2jADTShBQwkPMMrvDnaeXHenY/5aMkpdg7hD5zPHwBUkR4=</latexit><latexit sha1_base64="6Ng/g7WQm6+4j7UBKB8sfhtMwmw=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2L+3SzSbsboQa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz00IuoGQVh9jTtV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzRJPyYlVBiSMlX3SkJn6eyOjkdaTKLCTeUK96OXif143NeGln3GZpAYlm38UpoKYmOTnkwFXyIyYWEKZ4jYrYSOqKDO2pIotwVs8eZm0z+qe5bfntcZVUUcZjuAYTsGDC2jADTShBQwkPMMrvDnaeXHenY/5aMkpdg7hD5zPHwBUkR4=</latexit><latexit sha1_base64="6Ng/g7WQm6+4j7UBKB8sfhtMwmw=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2L+3SzSbsboQa+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrG6D6hGwSW2DDcC7xOFNAoEdoLxde53HlFpHss7M0nQj+hQ8pAzaqz00IuoGQVh9jTtV2tu3Z2BLBOvIDUo0OxXv3qDmKURSsME1brruYnxM6oMZwKnlV6qMaFsTIfYtVTSCLWfzRJPyYlVBiSMlX3SkJn6eyOjkdaTKLCTeUK96OXif143NeGln3GZpAYlm38UpoKYmOTnkwFXyIyYWEKZ4jYrYSOqKDO2pIotwVs8eZm0z+qe5bfntcZVUUcZjuAYTsGDC2jADTShBQwkPMMrvDnaeXHenY/5aMkpdg7hD5zPHwBUkR4=</latexit>

z = µ(x) + �(x)� ✏, ✏ ⇠ N (0, I)
<latexit sha1_base64="L7vFhscXNUyk67vTBsqGaU7/h/0="></latexit><latexit sha1_base64="L7vFhscXNUyk67vTBsqGaU7/h/0="></latexit><latexit sha1_base64="L7vFhscXNUyk67vTBsqGaU7/h/0="></latexit><latexit sha1_base64="L7vFhscXNUyk67vTBsqGaU7/h/0="></latexit>

reparameterization trick

LV AE(x; ✓,�) = Eq�(z|x) [� log p✓(x|z)] +KL (q�(z|x)kp(z))
<latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit><latexit sha1_base64="u0bDzOfFgS9X0qca69OWvkW+elI="></latexit>
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x2
<latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit><latexit sha1_base64="+fmTm2ZVR20F4bY6bvBdYsdn+/4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTKdtEMnkzBzI5bQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJbe53Hrk2IlYPOE14P6IjJULBKFrJ9yOK4yDMnmaD+qBSdWvuHGSVeAWpQoHmoPLlD2OWRlwhk9SYnucm2M+oRsEkn5X91PCEsgkd8Z6likbc9LN55hk5t8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU1lW4K3/OVV0q7XPMvvL6uNm6KOEpzCGVyAB1fQgDtoQgsYJPAMr/DmpM6L8+58LEbXnGLnBP7A+fwBK+aRwQ==</latexit>

x1
<latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit><latexit sha1_base64="XKRpkkbtZtFMa4xQyLBNO+caSI4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe5bfX9YaN0UdZTiBUzgHD66gAXfQhBYwSOAZXuHNSZ0X5935WIyWnGLnGP7A+fwBKmKRwA==</latexit>

x3
<latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit><latexit sha1_base64="DE7HZy/Y/WsTkHYvl1VXiR6eZ7k=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KooMeiF48VbC00oWy2m3bpZhN2X8QS+je8eFDEq3/Gm//GbZuDtg4sDDPv8WYnTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpxlsskYnuhNRwKRRvoUDJO6nmNA4lfwhHN1P/4ZFrIxJ1j+OUBzEdKBEJRtFKvh9THIZR/jTpnfeqNbfuzkCWiVeQGhRo9qpffj9hWcwVMkmN6XpuikFONQom+aTiZ4anlI3ogHctVTTmJshnmSfkxCp9EiXaPoVkpv7eyGlszDgO7eQ0o1n0puJ/XjfD6CrIhUoz5IrND0WZJJiQaQGkLzRnKMeWUKaFzUrYkGrK0NZUsSV4i19eJu2zumf53UWtcV3UUYYjOIZT8OASGnALTWgBgxSe4RXenMx5cd6dj/loySl2DuEPnM8fLWqRwg==</latexit>

Slide adapted from Andrea Asperti

Minimize the Kullback-Leibler distance
between each and the normal 
distribution :

q(z|x)
<latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit><latexit sha1_base64="gr3s8eTetqdL3npcpidPgAy08kY=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MnFmYlYY9z4Km5cKOLWt3Dn2zhpI2jrDwMf/zmHOed3I86ksqwvY25+YXFpubBSXF1b39g0t7YbMowFoXUS8lC0XCwpZwGtK6Y4bUWCYt/ltOkOz7N684YKycLgSo0i6vi4HzCPEay01TV3r8sdH6uB6yV36f0P3qaHXbNkVayx0CzYOZQgV61rfnZ6IYl9GijCsZRt24qUk2ChGOE0LXZiSSNMhrhP2xoD7FPpJOMLUnSgnR7yQqFfoNDY/T2RYF/Kke/qzmxFOV3LzP9q7Vh5p07CgihWNCCTj7yYIxWiLA7UY4ISxUcaMBFM74rIAAtMlA6tqEOwp0+ehcZRxdZ8eVyqnuVxFGAP9qEMNpxAFS6gBnUg8ABP8AKvxqPxbLwZ75PWOSOf2YE/Mj6+ASw7l1c=</latexit>

KL(q�(z|x)||N (0, I))
<latexit sha1_base64="saI0Tbjq/9JpeExVJnQKLLQyH44=">AAACHHicbZBLS8NAEMc39VXrK+rRS7AIKUhJVNBj0YuiSAX7gCaEzXbTLt083N2INc0H8eJX8eJBES8eBL+N2zaCtg4s/PY/M8zM340o4cIwvpTczOzc/EJ+sbC0vLK6pq5v1HkYM4RrKKQha7qQY0oCXBNEUNyMGIa+S3HD7Z0M841bzDgJg2vRj7Dtw05APIKgkJKj7p9f6DeOFXWJbvlQdF0vuU8HP3iXlgbjD4I0uUx1Y/esVHLUolE2RqFNg5lBEWRRddQPqx2i2MeBQBRy3jKNSNgJZIIgitOCFXMcQdSDHdySGEAfczsZHZdqO1Jpa17I5AuENlJ/dyTQ57zvu7JyuCifzA3F/3KtWHhHdkKCKBY4QONBXkw1EWpDp7Q2YRgJ2pcAESNyVw11IYNISD8L0gRz8uRpqO+VTclXB8XKcWZHHmyBbaADExyCCjgFVVADCDyAJ/ACXpVH5Vl5U97HpTkl69kEf0L5/AayM6Gz</latexit><latexit sha1_base64="saI0Tbjq/9JpeExVJnQKLLQyH44=">AAACHHicbZBLS8NAEMc39VXrK+rRS7AIKUhJVNBj0YuiSAX7gCaEzXbTLt083N2INc0H8eJX8eJBES8eBL+N2zaCtg4s/PY/M8zM340o4cIwvpTczOzc/EJ+sbC0vLK6pq5v1HkYM4RrKKQha7qQY0oCXBNEUNyMGIa+S3HD7Z0M841bzDgJg2vRj7Dtw05APIKgkJKj7p9f6DeOFXWJbvlQdF0vuU8HP3iXlgbjD4I0uUx1Y/esVHLUolE2RqFNg5lBEWRRddQPqx2i2MeBQBRy3jKNSNgJZIIgitOCFXMcQdSDHdySGEAfczsZHZdqO1Jpa17I5AuENlJ/dyTQ57zvu7JyuCifzA3F/3KtWHhHdkKCKBY4QONBXkw1EWpDp7Q2YRgJ2pcAESNyVw11IYNISD8L0gRz8uRpqO+VTclXB8XKcWZHHmyBbaADExyCCjgFVVADCDyAJ/ACXpVH5Vl5U97HpTkl69kEf0L5/AayM6Gz</latexit><latexit sha1_base64="saI0Tbjq/9JpeExVJnQKLLQyH44=">AAACHHicbZBLS8NAEMc39VXrK+rRS7AIKUhJVNBj0YuiSAX7gCaEzXbTLt083N2INc0H8eJX8eJBES8eBL+N2zaCtg4s/PY/M8zM340o4cIwvpTczOzc/EJ+sbC0vLK6pq5v1HkYM4RrKKQha7qQY0oCXBNEUNyMGIa+S3HD7Z0M841bzDgJg2vRj7Dtw05APIKgkJKj7p9f6DeOFXWJbvlQdF0vuU8HP3iXlgbjD4I0uUx1Y/esVHLUolE2RqFNg5lBEWRRddQPqx2i2MeBQBRy3jKNSNgJZIIgitOCFXMcQdSDHdySGEAfczsZHZdqO1Jpa17I5AuENlJ/dyTQ57zvu7JyuCifzA3F/3KtWHhHdkKCKBY4QONBXkw1EWpDp7Q2YRgJ2pcAESNyVw11IYNISD8L0gRz8uRpqO+VTclXB8XKcWZHHmyBbaADExyCCjgFVVADCDyAJ/ACXpVH5Vl5U97HpTkl69kEf0L5/AayM6Gz</latexit><latexit sha1_base64="saI0Tbjq/9JpeExVJnQKLLQyH44=">AAACHHicbZBLS8NAEMc39VXrK+rRS7AIKUhJVNBj0YuiSAX7gCaEzXbTLt083N2INc0H8eJX8eJBES8eBL+N2zaCtg4s/PY/M8zM340o4cIwvpTczOzc/EJ+sbC0vLK6pq5v1HkYM4RrKKQha7qQY0oCXBNEUNyMGIa+S3HD7Z0M841bzDgJg2vRj7Dtw05APIKgkJKj7p9f6DeOFXWJbvlQdF0vuU8HP3iXlgbjD4I0uUx1Y/esVHLUolE2RqFNg5lBEWRRddQPqx2i2MeBQBRy3jKNSNgJZIIgitOCFXMcQdSDHdySGEAfczsZHZdqO1Jpa17I5AuENlJ/dyTQ57zvu7JyuCifzA3F/3KtWHhHdkKCKBY4QONBXkw1EWpDp7Q2YRgJ2pcAESNyVw11IYNISD8L0gRz8uRpqO+VTclXB8XKcWZHHmyBbaADExyCCjgFVVADCDyAJ/ACXpVH5Vl5U97HpTkl69kEf0L5/AayM6Gz</latexit>

N (0, I)
<latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit>

N (0, I)
<latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit><latexit sha1_base64="rWOU9mpCsPUTope7+m26es1/x6c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQQUpSBF0W3ehGKtgHtKFMppN26GQSZiaFEvonblwo4tY/ceffOGmz0NYDA4dz7uWeOX7MmdKO820V1tY3NreK26Wd3b39A/vwqKWiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3yb+e0JlYpF4klPY+qFeChYwAjWRurbdi/EekQwTx9mFefi/rxvl52qMwdaJW5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOJ2VeomiMSZjPKRdQwUOqfLSefIZOjPKAAWRNE9oNFd/b6Q4VGoa+mYyy6mWvUz8z+smOrj2UibiRFNBFoeChCMdoawGNGCSEs2nhmAimcmKyAhLTLQpq2RKcJe/vEpatapr+ONluX6T11GEEziFCrhwBXW4gwY0gcAEnuEV3qzUerHerY/FaMHKd47hD6zPH0ITkr0=</latexit>

p(z) = N (0, I)
<latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit><latexit sha1_base64="eHqfh0+1FpBpLtwma8r63AhG4C0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VoQUoigm6EohvdSAX7gDaUyXTSDp1MwsxEqCFrN/6KGxeKuPUL3Pk3TtIstPXAwJlz7uXee9yQUaks69soLCwuLa8UV0tr6xubW+b2TksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy9dv3REga8Ds1CYnjoyGnHsVIaalv7oeVno/UyPXih6QKz2H2w4jFN0nFOrquwr5ZtmpWBjhP7JyUQY5G3/zqDQIc+YQrzJCUXdsKlRMjoShmJCn1IklChMdoSLqacuQT6cTZKQk81MoAeoHQjyuYqb87YuRLOfFdXZkuKme9VPzP60bKO3NiysNIEY6ng7yIQRXANBc4oIJgxSaaICyo3hXiERIIK51eSYdgz548T1rHNVvz25Ny/SKPowj2wAGoABucgjq4Ag3QBBg8gmfwCt6MJ+PFeDc+pqUFI+/ZBX9gfP4Azi6ZBQ==</latexit>

p(x)
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Evolutions of VAEs
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• 6 years of VAE progress on face generation

Figure 6: Representative samples from the three level hierarchical model trained on FFHQ-1024⇥
1024. The model generates realistic looking faces that respect long-range dependencies such as
matching eye colour or symmetric facial features, while covering lower density modes of the dataset
(e.g., green hair). Please refer to the supplementary material for more samples, including full
resolution samples.

9

Autoencoding beyond pixels using a learned similarity metric

Enc Dec Dis

5⇥5 64 conv. #, BNorm, ReLU 8·8·256 fully-connected, BNorm, ReLU 5⇥5 32 conv., ReLU
5⇥5 128 conv. #, BNorm, ReLU 5⇥5 256 conv. ", BNorm, ReLU 5⇥5 128 conv. #, BNorm, ReLU
5⇥5 256 conv. #, BNorm, ReLU 5⇥5 128 conv. ", BNorm, ReLU 5⇥5 256 conv. #, BNorm, ReLU
2048 fully-connected, BNorm, ReLU 5⇥5 32 conv. ", BNorm, ReLU 5⇥5 256 conv. #, BNorm, ReLU

5⇥5 3 conv., tanh 512 fully-connected, BNorm, ReLU
1 fully-connected, sigmoid

Table 1. Architectures for the three networks that comprise VAE/GAN. # and " represent down- and upsampling respectively. BNorm
denotes batch normalization (Ioffe & Szegedy, 2015). When batch normalization is applied to convolutional layers, per-channel normal-
ization is used.

VAE

VAEDisl

VAE/GANDis0

VAE/GAN

GAN

Figure 3. Samples from different generative models.

these through Dec to generate new images which are shown
in Fig. 3. The plain VAE is able draw the frontal part
of the face sharply, but off-center the images get blurry.
This is because the dataset aligns faces using frontal land-
marks. When we move too far away from the aligned parts,
the recognition model breaks down because pixel corre-
spondence cannot be assumed. VAEDisl produces sharper
images even off-center because the reconstruction error is
lifted beyond pixels. However, we see severe noisy artifacts
which we believe are caused by the harsh downsampling
scheme of Dis. In comparison, VAE/GANDis0 , VAE/GAN
and pure GAN produce sharper images with more natural
textures and face parts.

Next, we make the VAEs reconstruct images taken from a
separate test set. Reconstruction is not possible with the
GAN model as it lacks an encoder network. The results
are shown in Fig. 4 and our conclusions are similar to what
we observed for the random samples. Note however, that
VAE/GANDis0 fails to capture the same level of detail as
VAE/GAN with feature-based similarities.

Additionally, Fig. 5 shows the influence of the � hyperpa-
rameter that balances gradient contributions to ✓Dec from
LDisl

llike versus LGAN. We seek a trade-off between the two.

Input

VAE

VAEDisl

VAE/GANDis0

VAE/GAN

Figure 4. Reconstructions from different autoencoders.

If LDisl
llike is too prominent we see artifacts from the feature-

based reconstruction. If LGAN is too prominent we loose
details in the reconstruction, e.g. mouth shape.

4.1.1. VISUAL ATTRIBUTE VECTORS

Inspired by attempts at learning embeddings in which se-
mantic concepts can be expressed using simple arithmetic
(Mikolov et al., 2013), we inspect the latent space of a
trained VAE/GAN model. The idea is to find directions
in the latent space corresponding to specific visual features
in image space.

We use the binary attributes of the dataset to extract visual
attribute vectors. For all images we use the encoder to cal-
culate latent vector representations. For each attribute, we
compute the mean vector for images with the attribute and
the mean vector for images without the attribute. We then
compute the visual attribute vector as the difference be-
tween the two mean vectors. This is a very simple method
for calculating visual attribute vectors that will have prob-
lems with highly correlated visual attributes such as heavy
makeup and wearing lipstick. In Fig. 6, we show face im-
ages as well as the reconstructions after adding different vi-
sual attribute vectors to the latent representations. Though
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Figure 8. Architecture of the network used for the MNIST-
experiment

tors ai(x) are defined as the output of a deep convolutional
neural network g acting on x.

The moments of the zi are then given by

E(zk) =
mX

i=1

E[vi,k(✏i)]ai,k(x). (III.2)

Var(zk) =
mX

i=1

Var[vi,k(✏i)]ai,k(x)
2. (III.3)

By estimating E[vi,k(✏i)] and Var[vi,k(✏i)] via sampling
once per mini-batch, we can efficiently compute the mo-
ments of q�(z | x) for all the data points x in a single
mini-batch.

IV. Additional Experiments
celebA We also used AVB (without AC) to train a deep
convolutional network on the celebA-dataset (Liu et al.,
2015) for a 64-dimensional latent space with N (0, 1)-prior.
For the decoder and adversary we use two deep convolu-
tional neural networks acting on x like in Radford et al.
(2015). We add the noise ✏ and the latent code z to each
hidden layer via a learned projection matrix. Moreover, in
the encoder and decoder we use three RESNET-blocks (He
et al., 2015) at each scale of the neural network. We add
the log-prior log p(z) explicitly to the adversary T (x, z),
so that it only has to learn the log-density of the inference
model q�(z | x).

The samples for celebA are shown in Figure 9. We see
that our model produces visually sharp images of faces. To
demonstrate that the model has indeed learned an abstract
representation of the data, we show reconstruction results
and the result of linearly interpolating the z-vector in the la-
tent space in Figure 10. We see that the reconstructions are
reasonably sharp and the model produces realistic images
for all interpolated z-values.

(a) Training data (b) Random samples

Figure 9. Independent samples for a model trained on celebA.

Figure 10. Interpolation experiments for celebA

MNIST To evaluate how AVB with adaptive contrast
compares against other methods on a fixed decoder archi-
tecture, we reimplemented the methods from Maaløe et al.
(2016) and Kingma et al. (2016). The method from Maaløe
et al. (2016) tries to make the variational approximation
to the posterior more flexible by using auxiliary variables,
the method from Kingma et al. (2016) tries to improve the
variational approximation by employing an Inverse Autore-
gressive Flow (IAF), a particularly flexible instance of a
normalizing flow (Rezende & Mohamed, 2015). In our ex-
periments, we compare AVB with adaptive contrast to a
standard VAE with diagonal Gaussian inference model as
well as the methods from Maaløe et al. (2016) and Kingma
et al. (2016).

In our first experiment, we evaluate all methods on training
a decoder that is given by a fully-connected neural network
with ELU-nonlinearities and two hidden layers with 300
units each. The prior distribution p(z) is given by a 32-
dimensional standard-Gaussian distribution.

The results are shown in Table 3a. We observe, that
both AVB and the VAE with auxiliary variables achieve
a better (approximate) ELBO than a standard VAE. When
evaluated using AIS, both methods result in similar log-

(a) Learned Frey Face manifold (b) Learned MNIST manifold

Figure 4: Visualisations of learned data manifold for generative models with two-dimensional latent
space, learned with AEVB. Since the prior of the latent space is Gaussian, linearly spaced coor-
dinates on the unit square were transformed through the inverse CDF of the Gaussian to produce
values of the latent variables z. For each of these values z, we plotted the corresponding generative
p✓(x|z) with the learned parameters ✓.

(a) 2-D latent space (b) 5-D latent space (c) 10-D latent space (d) 20-D latent space

Figure 5: Random samples from learned generative models of MNIST for different dimensionalities
of latent space.

B Solution of �DKL(q�(z)||p✓(z)), Gaussian case

The variational lower bound (the objective to be maximized) contains a KL term that can often be
integrated analytically. Here we give the solution when both the prior p✓(z) = N (0, I) and the
posterior approximation q�(z|x(i)) are Gaussian. Let J be the dimensionality of z. Let µ and �
denote the variational mean and s.d. evaluated at datapoint i, and let µj and �j simply denote the
j-th element of these vectors. Then:

Z
q✓(z) log p(z) dz =

Z
N (z;µ,�2) logN (z;0, I) dz

= �J

2
log(2⇡)� 1

2

JX

j=1

(µ2
j + �2

j )
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(a) Original (b) PGGAN [18]

(c) Ours-Reconstructions (d) Ours-Samples

Figure 3: Qualitative results of 1024⇥ 1024 images. (a) and (c) are the original and reconstruction
images from the testing split, respectively. (b) and (d) are sample images of PGGAN (copied from
the cited paper [18]) and our method, respectively. Best viewed by zooming in the electronic version.

(a) WGAN-GP [15](128⇥ 128) (b) PGGAN [18](256⇥ 256) (c) Ours(256⇥ 256)

Figure 4: Qualitative comparison in LSUN BEDROOM. The images in (a) and (b) are copied from
the cited papers [15, 18]

4.4 Diversity analysis

We take two metrics to evaluate the sample diversity of our method, namely multi-scale structural

similarity (MS-SSIM) [30] and Fréchet Inception Distance (FID) [16]. The MS-SSIM measures
the similarity of two images and FID measures the Fréchet distance of two distributions in feature
space. For fair comparison with PGGAN, the MS-SSIM scores are computed among an average of

Table 1: Training speed w.r.t. the image resolutions.
Resolution 128⇥ 128 256⇥ 256 512⇥ 512 1024⇥ 1024
Minibatch 64 32 12 8

Time (days) 0.5 1 7 21

8

2014

2020



Compared to AR
• We now have a family of trainable latent variable models!

• But performance is lacking
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Why is it called an autoencoder?

71

• We have seen that a variational autoencoder is a latent variable 
model with Gaussian prior p(z) and approximate posterior q(z|x).
– Why is it called an “autoencoder”?

Breaking down the ELBO / VLB



Class-Conditional VAE
• So far, we haven’t used the labels y. A 

class-conditional VAE provides the 
labels to both the encoder and the 
decoder.
• Since the latent code z no longer has to

model the image category, it can focus 
on modeling the stylistic features.
• If we’re lucky, this lets us disentangle

style and content. (Note: 
disentanglement is still a dark art.)
• See Kingma et al., “Semi-supervised 

learning with deep generative models.”
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Class-Conditional VAE
• By varying two latent dimensions (i.e. dimensions of z) while holding y 

fixed, we can visualize the latent space.
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Class-Conditional VAE
• By varying the label y while holding z fixed, we can solve image 

analogies. 
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Latent Space Interpolations 
• You can often get interesting results by interpolating between two 

vectors in the latent space: 

75Ha and Eck, “A neural representation of sketch drawings” 



Latent Space Interpolations 
• Latent space interpolation of music:

76https://magenta.tensorflow.org/music-vae



Latent Space Arithmetic 
• You can even perform vector arithmetic on latent vectors: 

77Ha and Eck, “A neural representation of sketch drawings” 



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations
– SOTA: VQ-VAE, VQ-VAE 2.0, NVAE
– AR + VAE: Variational Lossy AutoEncoder, PixelVAE
– Disentanglement: Beta VAE

• Related ideas
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VQ-VAE

• A latent embedding space                      where K is the size of the discrete latent 
space (K-way categorical distribution) 

• Encoder output           is mapped to discrete latent code z by a nearest neighbour
look-up using the shared embedding space e
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e 2 RK⇥D
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VQ-VAE

• The posterior categorical distribution             probabilities are defined as one-hot as:
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q(z|x)

<latexit sha1_base64="HOM3Jbqh6GRo481wcJ3z3z0EizQ=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpexKRY9FLx4r2A9ol5JNs21oNrsmWbGu/RFePCji1d/jzX9j2u5BWx8MPN6bYWaeHwuujeN8o6XlldW19dxGfnNre2e3sLff0FGiKKvTSESq5RPNBJesbrgRrBUrRkJfsKY/vJr4zXumNI/krRnFzAtJX/KAU2Ks1LwrPT49nOBuoeiUnSnwInEzUoQMtW7hq9OLaBIyaaggWrddJzZeSpThVLBxvpNoFhM6JH3WtlSSkGkvnZ47xsdW6eEgUrakwVP190RKQq1HoW87Q2IGet6biP957cQEF17KZZwYJulsUZAIbCI8+R33uGLUiJElhCpub8V0QBShxiaUtyG48y8vksZp2a2Uz24qxeplFkcODuEISuDCOVThGmpQBwpDeIZXeEMxekHv6GPWuoSymQP4A/T5A5nGjxg=</latexit>



VQ-VAE

• This model can be seen as a VAE in which the proposal distribution                     
is deterministic.

• The representation            is passed through the discretization bottleneck followed 
by mapping onto the nearest element of embedding e
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q(z = k|x)

<latexit sha1_base64="0SK3pc6bjHW/xUCI+/sAMMJ7aoo=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJexKRC9C0IvHCOYhyRJmJ7PJkJnZdWZWjGu+wosHRbz6Od78GyePgyYWNBRV3XR3BTFn2rjut7OwuLS8sppZy65vbG5t53Z2azpKFKFVEvFINQKsKWeSVg0znDZiRbEIOK0H/cuRX7+nSrNI3phBTH2Bu5KFjGBjpdu7wuN5/+nhCLVzebfojoHmiTcleZii0s59tToRSQSVhnCsddNzY+OnWBlGOB1mW4mmMSZ93KVNSyUWVPvp+OAhOrRKB4WRsiUNGqu/J1IstB6IwHYKbHp61huJ/3nNxIRnfspknBgqyWRRmHBkIjT6HnWYosTwgSWYKGZvRaSHFSbGZpS1IXizL8+T2nHRKxVPrkv58sU0jgzswwEUwINTKMMVVKAKBAQ8wyu8Ocp5cd6dj0nrgjOd2YM/cD5/AOdaj9Q=</latexit>

ze(x)

<latexit sha1_base64="3vEEUrHh3ddd7axOb+i0bDOA4Xk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmAckS5iddJIhs7PLzKwYl3yEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqDSPJL3ZhyjH9KB5H3OqLFS86mLpccz0i0U3bI7A1kmXkaKkKHWLXx1ehFLQpSGCap123Nj46dUGc4ETvKdRGNM2YgOsG2ppCFqP52dOyGnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPR30uMKmRFjSyhT3N5K2JAqyoxNKG9D8BZfXiaN87JXKV/cVYrV6yyOHBzDCZTAg0uowi3UoA4MRvAMr/DmxM6L8+58zFtXnGzmCP7A+fwBW5uO7w==</latexit>



VQ-VAE
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zq(x) = ek, where k = argminj kze(x)� ejk2

<latexit sha1_base64="cv+zrThbUy/exaq/niQFwk0GX/I="></latexit>

L = log p (x | zq(x)) + ksg [ze(x)]� ek22 + � kze(x)� sg[e]k22

<latexit sha1_base64="XqkKY7djEsUx4s0Ip2gsylUxobc="></latexit>

sg stands for the stopgradient operator that is defined as 
identity at forward computation time and has zero partial 
derivatives, thus effectively constraining its operand to 
be a non-updated constant. 



VQ-VAE

The embedding space is learned via Vector Quantization (VQ), whose objective uses 
the     error to move the embedding vectors      towards the encoder outputs

83

L = log p (x | zq(x)) + ksg [ze(x)]� ek22 + � kze(x)� sg[e]k22

<latexit sha1_base64="XqkKY7djEsUx4s0Ip2gsylUxobc="></latexit>

sg stands for the stopgradient operator that is defined as 
identity at forward computation time and has zero partial 
derivatives, thus effectively constraining its operand to 
be a non-updated constant. 

l2

<latexit sha1_base64="98lSDkHsigFCDi00JzqTJB/lCOw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9Gv9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXql69enFXrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QP9dY2d</latexit>

ei

<latexit sha1_base64="OO1ZqXp2+fwohqHYuVts2h/Q9jY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0gH3eL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9WrVy/tapX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnCeXHenY9Fa8HJZ47hD5zPH0Y2jc0=</latexit>

ze(x)

<latexit sha1_base64="mlh+hdlH4cRWiR4wPhsBdiJTJuo=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosevFYwX5Au5RsOtvGZpMlyYp16X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoeuq3HkBpJsWdGcfgR2QgWMgoMVZqPvWg/HjaK5bcijsDXiZeRkooQ71X/Or2JU0iEIZyonXHc2Pjp0QZRjlMCt1EQ0zoiAygY6kgEWg/nV07wSdW6eNQKlvC4Jn6eyIlkdbjKLCdETFDvehNxf+8TmLCSz9lIk4MCDpfFCYcG4mnr+M+U0ANH1tCqGL2VkyHRBFqbEAFG4K3+PIyaZ5VvGrl/LZaql1lceTRETpGZeShC1RDN6iOGoiie/SMXtGbI50X5935mLfmnGzmEP2B8/kDBCaOxQ==</latexit>



VQ-VAE
• For speech, image and videos 

one can respectively extract a 
1D, 2D and 3D latent feature 
spaces

• 32 x 32 latents for ImageNet, 
or 8 x 8 x 10 for CIFAR10

• 512-dimensional latents for 
VCTK and LibriSpeech
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128⇥ 128⇥ 3

2 [0, 255]

<latexit sha1_base64="ZcSUbTikOffipaa89qJIVNSX0Is=">AAACDnicbZC7SgNBFIbPeo3xFrW0GQwBCwm7McGUQRvLCOYCu0uYncwmQ2Znl5lZIYQ8gY2vYmOhiK21nW/jJNlCE38Y+PjPOZw5f5BwprRtf1tr6xubW9u5nfzu3v7BYeHouK3iVBLaIjGPZTfAinImaEszzWk3kRRHAaedYHQzq3ceqFQsFvd6nFA/wgPBQkawNlavUHIqdU+ziCpkCGV46Xl5jwnk2heoUqv5vULRLttzoVVwMihCpmav8OX1Y5JGVGjCsVKuYyfan2CpGeF0mvdSRRNMRnhAXYMCm63+ZH7OFJWM00dhLM0TGs3d3xMTHCk1jgLTGWE9VMu1mflfzU11WPcnTCSppoIsFoUpRzpGs2xQn0lKNB8bwEQy81dEhlhiok2CeROCs3zyKrQrZadart1Vi43rLI4cnMIZnIMDV9CAW2hCCwg8wjO8wpv1ZL1Y79bHonXNymZO4I+szx/WWZjP</latexit>

32⇥ 32⇥ 1

2 [0, 511]

<latexit sha1_base64="f491J0nv6ubWdq1A+pqrCWmjV94=">AAACDHicbVDLSgMxFM3UVx1fVZdugkVwIWXSB7osunFZwT5gZiiZNNOGZjJDkhHK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKZ0o7zbRXW1jc2t4rb9s7u3v5B6fCoo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gfDPzuw9UKhaLez1JqB/hoWAhI1gbqV8q16qeZhFVsFaFOUOeZ3tMQNe5gA2EfJNyKs4ccJWgnJRBjla/9OUNYpJGVGjCsVIuchLtZ1hqRjid2l6qaILJGA+pa6jAZqufzY+ZwjOjDGAYS/OEhnP190SGI6UmUWCSEdYjtezNxP88N9XhlZ8xkaSaCrJYFKYc6hjOmoEDJinRfGIIJpKZv0IywhITbfqzTQlo+eRV0qlWUL3SuKuXm9d5HUVwAk7BOUDgEjTBLWiBNiDgETyDV/BmPVkv1rv1sYgWrHzmGPyB9fkDzUyYSA==</latexit>

VQ
Discrete latents



VQ-VAE ImageNet Reconstructions
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Original 128 x 128 images Reconstructions

Slide credit: Aäron van den Oord



VQ-VAE Sampling from prior
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32⇥ 32⇥ 1

2 [0, 511]

<latexit sha1_base64="f491J0nv6ubWdq1A+pqrCWmjV94=">AAACDHicbVDLSgMxFM3UVx1fVZdugkVwIWXSB7osunFZwT5gZiiZNNOGZjJDkhHK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKZ0o7zbRXW1jc2t4rb9s7u3v5B6fCoo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gfDPzuw9UKhaLez1JqB/hoWAhI1gbqV8q16qeZhFVsFaFOUOeZ3tMQNe5gA2EfJNyKs4ccJWgnJRBjla/9OUNYpJGVGjCsVIuchLtZ1hqRjid2l6qaILJGA+pa6jAZqufzY+ZwjOjDGAYS/OEhnP190SGI6UmUWCSEdYjtezNxP88N9XhlZ8xkaSaCrJYFKYc6hjOmoEDJinRfGIIJpKZv0IywhITbfqzTQlo+eRV0qlWUL3SuKuXm9d5HUVwAk7BOUDgEjTBLWiBNiDgETyDV/BmPVkv1rv1sYgWrHzmGPyB9fkDzUyYSA==</latexit>

PixelCNN
Prior

Sampled 
Discrete latents

Decoder

Slide credit: Aäron van den Oord



VQ-VAE ImageNet Samples
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VQ-VQA Speech Modeling
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VQ-VQA VCTK Reconstructions  
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Original Reconstruction



VQ-VAE Reconstructions
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VQ-VAE Sampling from prior

95Image credit: Aäron van den Oord



VQ-VAE Samples
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VQ-VAE Voice Style-Transfer



VQ-VAE Voice Style-Transfer Results
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Unsupervised Learning of Phonemes

99

• 41-way classification
• 49.3% accuracy fully unsupervised 

Discrete Codes
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VQ-VAE-2
• The input 256×256 

image is compressed 
to quantized latent 
maps of size 64×64 
and 32×32 

• The decoder 
reconstructs the 
image from the 
two latent maps.
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VQ-VAE-2 Reconstructions

• Each latent map adds extra detail to the reconstruction. 

• These latent maps are approximately 3072x, 768x, 192x times smaller 
than the original image, respectively.
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htop

<latexit sha1_base64="tTw+BNuEZgMNkF49dN/h32EJnw0=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKRY9FLx4r2A9o15JNs21oNlmSWbUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IBbcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPx9dRvPzBtuJJ3MImZH5Gh5CGnBKx0P+qnPWBPkIKKs6xfrrhVdwa8TLycVFCORr/81RsomkRMAhXEmK7nxuCnRAOngmWlXmJYTOiYDFnXUkkiZvx0dnWGT6wywKHStiTgmfp7IiWRMZMosJ0RgZFZ9Kbif143gfDST7mME2CSzheFicCg8DQCPOCaURATSwjV3N6K6YhoQsEGVbIheIsvL5PWWdWrVc9va5X6VR5HER2hY3SKPHSB6ugGNVATUaTRM3pFb86j8+K8Ox/z1oKTzxyiP3A+fwCTrJM5</latexit>

htop, hmiddle

<latexit sha1_base64="FHCYICAzaHqXQXsKKnhizhWc7vk=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwIWVGKrosunFZwT6gHYZMJtOGZh4kd8QyzNaNv+LGhSJu/QN3/o1pO4i2HgicnHPvTe7xEsEVWNaXUVpaXlldK69XNja3tnfM3b22ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oauJ37phUPI5uYZwwJySDiAecEtCSa+Khm/WB3UMGcZLnJz/XkPu+YHnumlWrZk2BF4ldkCoq0HTNz74f0zRkEVBBlOrZVgJORiRwqgdW+qliCaEjMmA9TSMSMuVk001yfKQVHwex1CcCPFV/d2QkVGoceroyJDBU895E/M/rpRBcOBmPkhRYRGcPBanAEONJLNjnklEQY00IlVz/FdMhkYSCDq+iQ7DnV14k7dOaXa+d3dSrjcsijjI6QIfoGNnoHDXQNWqiFqLoAT2hF/RqPBrPxpvxPistGUXPPvoD4+MbnvebkQ==</latexit>

htop, hmiddle, hbottom

<latexit sha1_base64="cM/BgJoyxoyBuoliLKRg9KSGaHA=">AAACG3icbVDLSgMxFM3UV62vqks3g0VwIWWmVHRZdOOygn1AOwyZTNqGJpMhuSOWYf7Djb/ixoUirgQX/o3pA6mtBwLnnnMvN/cEMWcaHOfbyq2srq1v5DcLW9s7u3vF/YOmlokitEEkl6odYE05i2gDGHDajhXFIuC0FQyvx37rnirNZHQHo5h6Avcj1mMEg5H8YmXgp12gD5CCjLPs7LcULAw5nVcCCSBFlvnFklN2JrCXiTsjJTRD3S9+dkNJEkEjIBxr3XGdGLwUK2DErCh0E01jTIa4TzuGRlhQ7aWT2zL7xCih3ZPKvAjsiTo/kWKh9UgEplNgGOhFbyz+53US6F16KYviBGhEpot6CbdB2uOg7JApSoCPDMFEMfNXmwywwgRMnAUTgrt48jJpVsputXx+Wy3VrmZx5NEROkanyEUXqIZuUB01EEGP6Bm9ojfryXqx3q2PaWvOms0coj+wvn4A9WKj3g==</latexit>

Original



VQ-VAE-2
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VQ-VAE-2 FFHQ-2014 Samples
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105
BigGAN DeepVQ-VAE 2.0

VQ-VAE ImageNet Samples



106
BigGAN DeepVQ-VAE 2.0

VQ-VAE ImageNet Samples



BigGAN Deep
107

VQ-VAE 2.0

VQ-VAE ImageNet Samples



VQ-VAE-2 Quantitative Evaluation
• The VQ-VAE-2 paper reports a classification accuracy score (CAS) for 

class-conditional image generation. 

• Generate image-class pairs from the generative model trained on the 
ImageNet training data. 

• Train an image classifier from the generated pairs and measure its 
accuracy on the ImageNet test set. 

108
Slide credit: David McAllester



VQ-VAE-2 for Music Generation

• Three separate VQ-VAE models with different temporal resolutions 
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VQ-VAE-2 for Music Generation

• Three separate VQ-VAE models with different temporal resolutions 
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https://openai.com/blog/jukebox/
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Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations
– SOTA: VQ-VAE, VQ-VAE 2.0, NVAE
– AR + VAE: Variational Lossy AutoEncoder, PixelVAE
– Disentanglement: Beta VAE

• Related ideas
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NVAE

113



NVAE – Experiments
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Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations
– SOTA: VQ-VAE, VQ-VAE 2.0, NVAE
– AR + VAE: Variational Lossy AutoEncoder, PixelVAE
– Disentanglement: Beta VAE

• Related ideas
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Decoder distribution
• So far all models use simple distribution for p(x|z)

• Due to lack of expressivity itself, all entropy is pushed to z and 
z needs to convey a lot of information

116[Ho et al., 2019]



Powerful decoder
• What’s the maximum VLB?

• What if p(x|z) = pdata(x)?

• q(z|x) would be set to p(z) → z has no information

117



Powerful decoder
• Having information in z incurs VLB penalty of                  which is usually 

non-zero

• “Ignoring latent code” problems well documented in literature
– (Fabius & van Amersfoort,2014; Chung et al., 2015; Bowman et al., 2015; 

Serban et al., 2016; Fraccaro et al., 2016; Xu &Sun, 2016)
– Many proposed solutions
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KL(q||p)

<latexit sha1_base64="redNPsl5N0lvgzPZ8KmxGMuxL8Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLkCBEhLArih6DXgQ9RDAPyC5hdjJJhszOrjOzwrLJX4gXD4p49We85W+cPA6aWNBQVHXT3eVHnClt2yNraXlldW09s5Hd3Nre2c3t7ddUGEtCqyTkoWz4WFHOBK1qpjltRJLiwOe07vevx379iUrFQvGgk4h6Ae4K1mEEayO56e3dsPiIBgMUHbdyBbtkT4AWiTMjhXLePXkelZNKK/fttkMSB1RowrFSTceOtJdiqRnhdJh1Y0UjTPq4S5uGChxQ5aWTm4foyCht1AmlKaHRRP09keJAqSTwTWeAdU/Ne2PxP68Z686llzIRxZoKMl3UiTnSIRoHgNpMUqJ5YggmkplbEelhiYk2MWVNCM78y4ukdlpyzkrn9yaNK5giA4eQhyI4cAFluIEKVIFABC/wBu9WbL1aH9bntHXJms0cwB9YXz8A7ZP+</latexit>



Weakening models
• Adding dropout in autoregressive conditioning (Bowman et al., 2015)

• PixelCNN with limited receptive field (Chen et al., 2016)

• Constant bit rate.                                            (Guu et al., 2017), 
(Xu & Durrett, 2018), (Davidson et al., 2018)

• Minimum bit rate                                           (Razavi et al., 2019) 
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DKL(q�(z|x)||p✓(z)) = c

<latexit sha1_base64="v0VREPZCSrK+yZXt/jkR76t8k5M="></latexit>

DKL(q�(z|x)||p✓(z)) � �

<latexit sha1_base64="jRUolkxhQlaJS1zG7AGJSDBtRMg="></latexit>



Changing training dynamics
• warmup (Bowman et al., 2015); (Yang et al., 

2017); (Kim et al., 2018); (Gulrajani et al., 2016) 

• “Free-bits” (Kingma et al., 2016); (Chen et al., 2016)

• More training updates to q(z|x) (He et al., 2019)
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DKL(q�(z|x)||p✓(z)) = c

<latexit sha1_base64="v0VREPZCSrK+yZXt/jkR76t8k5M="></latexit>



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations
– SOTA: VQ-VAE, VQ-VAE 2.0, NVAE
– AR + VAE: Variational Lossy AutoEncoder, PixelVAE
– Disentanglement: β-VAE

• Related ideas
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β-VAE
The Beta-VAE objective is identical to the VAE objective when beta = 1

122

L = Eq�(z|x) [log p✓(x | z)]� �DKL (q�(z | x)kp(z))

<latexit sha1_base64="7hDUc5XuUGxutP4SsGn9Rxs/d1E="></latexit>
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Disentangled Representations with β-VAE

x̂
<latexit sha1_base64="RqTepSLMG7k4p6btWHH6ZWiRDJ8=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRudCMW3bisYB/QhDKZTtqhk0mYmRRLCPghblwo4taPcO/Ov3HSdqGtBwYO59zLPXOChDOlHefbKq2srq1vlDcrW9s7u3v2/kFLxakktEliHstOgBXlTNCmZprTTiIpjgJO28HopvDbYyoVi8W9niTUj/BAsJARrI3Us21viHXmRVgPgzB7yPOeXXVqzhRombhzUr36rFw+AkCjZ395/ZikERWacKxU13US7WdYakY4zSteqmiCyQgPaNdQgSOq/GyaPEcnRumjMJbmCY2m6u+NDEdKTaLATBYR1aJXiP953VSHF37GRJJqKsjsUJhypGNU1ID6TFKi+cQQTCQzWREZYomJNmVVTAnu4peXSeus5hp+51br1zBDGY7gGE7BhXOowy00oAkExvAEL/BqZdaz9Wa9z0ZL1nznEP7A+vgBxE+V5A==</latexit><latexit sha1_base64="+FliEKIgtk0M9RH19p6sDkLez+w=">AAAB+XicbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPppB06mYSZm2IJ+RM3Ioq49SPcuxH/xknbhbYeGDiccy/3zAkSwTW47re1tLyyurZe2rA3t7Z3dp29/YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHhd+M0RU5rH8g7GCfMj0pc85JSAkbqO0xkQyDoRgUEQZvd53nXKbsWdAC8Sb0bKlx/2RfL0Zde6zmenF9M0YhKoIFq3PTcBPyMKOBUstzupZgmhQ9JnbUMliZj2s0nyHB8bpYfDWJknAU/U3xsZibQeR4GZLCLqea8Q//PaKYTnfsZlkgKTdHooTAWGGBc14B5XjIIYG0Ko4iYrpgOiCAVTlm1K8Oa/vEgapxXP8FuvXL1CU5TQITpCJ8hDZ6iKblAN1RFFI/SAntGLlVmP1qv1Nh1dsmY7B+gPrPcftd6XWA==</latexit><latexit sha1_base64="+FliEKIgtk0M9RH19p6sDkLez+w=">AAAB+XicbVDLSsNAFJ34rPEVdelmsAiuSuJGN2LRjcsK9gFtKJPppB06mYSZm2IJ+RM3Ioq49SPcuxH/xknbhbYeGDiccy/3zAkSwTW47re1tLyyurZe2rA3t7Z3dp29/YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHhd+M0RU5rH8g7GCfMj0pc85JSAkbqO0xkQyDoRgUEQZvd53nXKbsWdAC8Sb0bKlx/2RfL0Zde6zmenF9M0YhKoIFq3PTcBPyMKOBUstzupZgmhQ9JnbUMliZj2s0nyHB8bpYfDWJknAU/U3xsZibQeR4GZLCLqea8Q//PaKYTnfsZlkgKTdHooTAWGGBc14B5XjIIYG0Ko4iYrpgOiCAVTlm1K8Oa/vEgapxXP8FuvXL1CU5TQITpCJ8hDZ6iKblAN1RFFI/SAntGLlVmP1qv1Nh1dsmY7B+gPrPcftd6XWA==</latexit><latexit sha1_base64="Jl/Ja98shuTnyXfjcdK8GHYRikU=">AAAB+XicbVDLSsNAFL2pr1pfUZdugkVwVRI3uiy6cVnBPqANZTKdtEMnkzBzUywhf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJIJrdN1vq7KxubW9U92t7e0fHB7ZxycdHaeKsjaNRax6AdFMcMnayFGwXqIYiQLBusH0rvC7M6Y0j+UjzhPmR2QsecgpQSMNbXswIZgNIoKTIMye8nxo192Gu4CzTryS1KFEa2h/DUYxTSMmkQqidd9zE/QzopBTwfLaINUsIXRKxqxvqCQR0362SJ47F0YZOWGszJPoLNTfGxmJtJ5HgZksIupVrxD/8/ophjd+xmWSIpN0eShMhYOxU9TgjLhiFMXcEEIVN1kdOiGKUDRl1UwJ3uqX10nnquEZ/uDVm7dlHVU4g3O4BA+uoQn30II2UJjBM7zCm5VZL9a79bEcrVjlzin8gfX5A1UXlBc=</latexit>

L��VAE(✓,�) = Eq�(z|x) [log p✓ (x|z)]� �KL [q� (z|x) kp (z)]
<latexit sha1_base64="SRE9zHio/HG67l9Ni6DWJGiLrl4="></latexit><latexit sha1_base64="YNEMIdRD+Uu3NI+BASDd80U0zRI="></latexit><latexit sha1_base64="YNEMIdRD+Uu3NI+BASDd80U0zRI="></latexit><latexit sha1_base64="dxFm3v3UXQ8SkGXvgIUtqLkudbo="></latexit>

Capacity constraint

Reconstruction cost

reconstruction

(Higgins et al., 2017)Slide credit: Loic Matthey, Irina Higgins

input

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

z
<latexit sha1_base64="+o4Cd70nqECsaXybRNVkO6QAsIw=">AAAB8XicbZDLSgMxFIZP6q2Ot6pLN8EiuCozbnQjFt24rGAv2A4lk2ba0ExmSDJCHQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zgkRwbVz3GxWWlldW14rrzsbm1vZOaXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geJXXm/dMaR7LWzNKmB+RvuQhp8RY664TETMIwuxh3C2V3Yo7EV4Ebwbli0/n/BEAat3SV6cX0zRi0lBBtG57bmL8jCjDqWBjp5NqlhA6JH3WtihJxLSfTRKP8ZF1ejiMlX3S4In7eyIjkdajKLCdeUI9X8vN/2rt1IRnfsZlkhom6fSjMBXYxDhfH/e4YtSIkQVCFbdZMR0QRaixR3LsEbz5lRehcVLxLN945eolTFWEAziEY/DgFKpwDTWoAwUJT/ACr0ijZ/SG3qetBTSb2Yc/Qh8/bpyS6A==</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="8pL5ttHdAorChuO8INhQiVQZ3OE=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIJWof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+AP9VkRs=</latexit>
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Latent traversal• What do individual features learn?

Slide credit: Loic Matthey, Irina Higgins

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

z
<latexit sha1_base64="+o4Cd70nqECsaXybRNVkO6QAsIw=">AAAB8XicbZDLSgMxFIZP6q2Ot6pLN8EiuCozbnQjFt24rGAv2A4lk2ba0ExmSDJCHQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zgkRwbVz3GxWWlldW14rrzsbm1vZOaXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geJXXm/dMaR7LWzNKmB+RvuQhp8RY664TETMIwuxh3C2V3Yo7EV4Ebwbli0/n/BEAat3SV6cX0zRi0lBBtG57bmL8jCjDqWBjp5NqlhA6JH3WtihJxLSfTRKP8ZF1ejiMlX3S4In7eyIjkdajKLCdeUI9X8vN/2rt1IRnfsZlkhom6fSjMBXYxDhfH/e4YtSIkQVCFbdZMR0QRaixR3LsEbz5lRehcVLxLN945eolTFWEAziEY/DgFKpwDTWoAwUJT/ACr0ijZ/SG3qetBTSb2Yc/Qh8/bpyS6A==</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="8pL5ttHdAorChuO8INhQiVQZ3OE=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIJWof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+AP9VkRs=</latexit>

input
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azimuth

Latent traversal• What do individual features learn?

Slide credit: Loic Matthey, Irina Higgins

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

z
<latexit sha1_base64="+o4Cd70nqECsaXybRNVkO6QAsIw=">AAAB8XicbZDLSgMxFIZP6q2Ot6pLN8EiuCozbnQjFt24rGAv2A4lk2ba0ExmSDJCHQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zgkRwbVz3GxWWlldW14rrzsbm1vZOaXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geJXXm/dMaR7LWzNKmB+RvuQhp8RY664TETMIwuxh3C2V3Yo7EV4Ebwbli0/n/BEAat3SV6cX0zRi0lBBtG57bmL8jCjDqWBjp5NqlhA6JH3WtihJxLSfTRKP8ZF1ejiMlX3S4In7eyIjkdajKLCdeUI9X8vN/2rt1IRnfsZlkhom6fSjMBXYxDhfH/e4YtSIkQVCFbdZMR0QRaixR3LsEbz5lRehcVLxLN945eolTFWEAziEY/DgFKpwDTWoAwUJT/ACr0ijZ/SG3qetBTSb2Yc/Qh8/bpyS6A==</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="8pL5ttHdAorChuO8INhQiVQZ3OE=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIJWof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+AP9VkRs=</latexit>

input
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Slide credit: Loic Matthey, Irina Higgins

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

z
<latexit sha1_base64="+o4Cd70nqECsaXybRNVkO6QAsIw=">AAAB8XicbZDLSgMxFIZP6q2Ot6pLN8EiuCozbnQjFt24rGAv2A4lk2ba0ExmSDJCHQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zgkRwbVz3GxWWlldW14rrzsbm1vZOaXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geJXXm/dMaR7LWzNKmB+RvuQhp8RY664TETMIwuxh3C2V3Yo7EV4Ebwbli0/n/BEAat3SV6cX0zRi0lBBtG57bmL8jCjDqWBjp5NqlhA6JH3WtihJxLSfTRKP8ZF1ejiMlX3S4In7eyIjkdajKLCdeUI9X8vN/2rt1IRnfsZlkhom6fSjMBXYxDhfH/e4YtSIkQVCFbdZMR0QRaixR3LsEbz5lRehcVLxLN945eolTFWEAziEY/DgFKpwDTWoAwUJT/ACr0ijZ/SG3qetBTSb2Yc/Qh8/bpyS6A==</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="8pL5ttHdAorChuO8INhQiVQZ3OE=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIJWof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+AP9VkRs=</latexit>

input

azimuth

elevation
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Latent traversal• What do individual features learn?

Slide credit: Loic Matthey, Irina Higgins

x
<latexit sha1_base64="FY5HRrPkVKCi0UJQAGfA9YAiQxs=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWcFesB1KJs20oUlmSDJiGQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zwoQzbTzv2yksLa+srhXX3Y3Nre2d0u5eQ8epIrROYh6rVog15UzSumGG01aiKBYhp81weJXXm/dUaRbLWzNKaCBwX7KIEWysddcR2AzCKHsYd0tlr+JNhBbBn0H54tM9fwSAWrf01enFJBVUGsKx1m3fS0yQYWUY4XTsdlJNE0yGuE/bFiUWVAfZJPEYHVmnh6JY2ScNmri/JzIstB6J0HbmCfV8LTf/q7VTE50FGZNJaqgk04+ilCMTo3x91GOKEsNHFjBRzGZFZIAVJsYeybVH8OdXXoTGScW3fOOXq5cwVREO4BCOwYdTqMI11KAOBCQ8wQu8Otp5dt6c92lrwZnN7MMfOR8/a5KS5g==</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="RnjTtygV7xtYseIBhEdBIJn0I+s=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUYsQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H10hlFo=</latexit><latexit sha1_base64="uUFVoIp+QmENm563s8yS5o9mJAc=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIKqof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+APxLkRk=</latexit>

Encoder
q�(z|x)

<latexit sha1_base64="VOLbmXGnME30faC4mDv7DQo5R7o=">AAACCHicbVC5TgMxEJ0NVwjXAiUFFgEpNNEuDZQRNJRBIoeUrFZex5tY8R7YXkRYUtLwKzQUHKJDfAIdH0KPcyBBwpMsPb83o5l5XsyZVJb1aWRmZufmF7KLuaXlldU1c32jKqNEEFohEY9E3cOSchbSimKK03osKA48Tmte92Tg1y6pkCwKz1Uvpk6A2yHzGcFKS665feE24w4rNAOsOp6fXvfRDfr5XPX3XTNvFa0h0DSxxyRf2v16fgOAsmt+NFsRSQIaKsKxlA3bipWTYqEY4bSfayaSxph0cZs2NA1xQKWTDg/poz2ttJAfCf1ChYbq744UB1L2Ak9XDlaUk95A/M9rJMo/clIWxomiIRkN8hOOVIQGqaAWE5Qo3tMEE8H0roh0sMBE6exyOgR78uRpUj0o2pqf2fnSMYyQhS3YgQLYcAglOIUyVIDALdzDIzwZd8aD8WK8jkozxrhnE/7AeP8Goj+cpQ==</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="UviuqfALyglwM4JiaR+ezGdsx/8=">AAACCHicbVC7TsMwFHV4lpZHgJEBi4JUliphgbGChbFI9CE1UeS4TmvVeWA7FSVkZOFXWBh4iBX+gI0PgRmnLRK0HMnS8Tn36t573IhRIQ3jQ5uZnZtfWMwt5QvLK6tr+vpGXYQxx6SGQxbyposEYTQgNUklI82IE+S7jDTc3knmN/qECxoG53IQEdtHnYB6FCOpJEffvnCsqEtLlo9k1/WSqxRew5/PZbrv6EWjbAwBp4k5JsXK7ufTW7/wVXX0d6sd4tgngcQMCdEyjUjaCeKSYkbSvBULEiHcQx3SUjRAPhF2MjwkhXtKaUMv5OoFEg7V3x0J8oUY+K6qzFYUk14m/ue1Yukd2QkNoliSAI8GeTGDMoRZKrBNOcGSDRRBmFO1K8RdxBGWKru8CsGcPHma1A/KpuJnZrFyDEbIgS2wA0rABIegAk5BFdQABjfgDjyAR+1Wu9eetZdR6Yw27tkEf6C9fgOa354f</latexit><latexit sha1_base64="JvkD//56jt8vpvrEVi7UpNYMeZ0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpLFXCAmMFC2OR6ENqoshxndaq4wTbQZSQkYVfYWEAIVY+gY2/wWmDBC1HsnR8zr269x4/ZlQqy/oySguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj86z/3ODRGSRvxKjWPihmjAaUAxUlryzP1rz4mHtOaESA39IL3L4D38+dxmR55ZterWBHCe2AWpggJNz/x0+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkkAweaqUPg0joxxWcqL87UhRKOQ59XZmvKGe9XPzP6yUqOHVTyuNEEY6ng4KEQRXBPBXYp4JgxcaaICyo3hXiIRIIK51dRYdgz548T9rHdVvzS7vaOCviKIM9cABqwAYnoAEuQBO0AAYP4Am8gFfj0Xg23oz3aWnJKHp2wR8YH9/Xz5nW</latexit>

p✓(x|z)
<latexit sha1_base64="VXpBx9tgqPrTpTp5kcsGN5RAHJQ=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgRQWa86DHoxWMEs0AmDD2dHtPYs9BdI8YxZy9+hD/gxYMiXv0Cb/6NnUXQ6IOG1+9VUVUvSKXQ6Dif1tT0zOzcfGGhuLi0vLJqr63XdZIpxmsskYlqBlRzKWJeQ4GSN1PFaRRI3gguTwZ+44orLZL4HHspb0f0IhahYBSN5Ntbqe9hlyMtexHFbhDm131yS74/N/1d3y45+84Q5C9xx6RU2fb2HgCg6tsfXidhWcRjZJJq3XKdFNs5VSiY5P2il2meUnZJL3jL0JhGXLfz4Sl9smOUDgkTZV6MZKj+7MhppHUvCkzlYEU96Q3E/7xWhuFROxdxmiGP2WhQmEmCCRnkQjpCcYayZwhlSphdCetSRRma9IomBHfy5L+kfrDvGn7mlirHMEIBNmEbyuDCIVTgFKpQAwZ38AjP8GLdW0/Wq/U2Kp2yxj0b8AvW+xeQJZxH</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="XHB181EWRUApj9NenpshBLQX5kE=">AAACCnicbVC7SgNBFJ31GeNr1dJmTBAiQti10XLRxjKCeUA2hNnJbDJk9sHMXXFdU9tY+hs2ForY+gV2+RsnD0ETDwycOede7r3HiwVXYFlDY2FxaXllNbeWX9/Y3No2d3ZrKkokZVUaiUg2PKKY4CGrAgfBGrFkJPAEq3v9i5Ffv2FS8Si8hjRmrYB0Q+5zSkBLbfMgbrvQY0BKbkCg5/nZ7QDf45/P3eCobRatsjUGnif2lBSdgnv8NHTSStv8cjsRTQIWAhVEqaZtxdDKiAROBRvk3USxmNA+6bKmpiEJmGpl41MG+FArHexHUr8Q8Fj93ZGRQKk08HTlaEU1643E/7xmAv5ZK+NhnAAL6WSQnwgMER7lgjtcMgoi1YRQyfWumPaIJBR0enkdgj178jypnZRtza/sonOOJsihfVRAJWSjU+SgS1RBVUTRA3pGr+jNeDRejHfjY1K6YEx79tAfGJ/fmY+dzQ==</latexit><latexit sha1_base64="fdSHiQbo+S4NweLiuXWnrQWKMGg=">AAACCnicbVC7TsMwFHV4lvIKMLIYKqSyVAkLjBUsjEWiD6mJIsd1WqvOQ/YNooTMLPwKCwMIsfIFbPwNbhskaDmSpeNz7tW99/iJ4Aos68tYWFxaXlktrZXXNza3ts2d3ZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vBi7LdvmFQ8jq5hlDA3JP2IB5wS0JJnHiSeAwMGpOqEBAZ+kN3m+B7/fO7yY8+sWDVrAjxP7IJUUIGGZ346vZimIYuACqJU17YScDMigVPB8rKTKpYQOiR91tU0IiFTbjY5JcdHWunhIJb6RYAn6u+OjIRKjUJfV45XVLPeWPzP66YQnLkZj5IUWESng4JUYIjxOBfc45JRECNNCJVc74rpgEhCQadX1iHYsyfPk9ZJzdb8yq7Uz4s4SmgfHaIqstEpqqNL1EBNRNEDekIv6NV4NJ6NN+N9WrpgFD176A+Mj299ppq+</latexit>

Decoder

z
<latexit sha1_base64="+o4Cd70nqECsaXybRNVkO6QAsIw=">AAAB8XicbZDLSgMxFIZP6q2Ot6pLN8EiuCozbnQjFt24rGAv2A4lk2ba0ExmSDJCHQo+hBsXirj1Qdy7823MtF1o6w+Bj/+cQ/5zgkRwbVz3GxWWlldW14rrzsbm1vZOaXevoeNUUVansYhVKyCaCS5Z3XAjWCtRjESBYM1geJXXm/dMaR7LWzNKmB+RvuQhp8RY664TETMIwuxh3C2V3Yo7EV4Ebwbli0/n/BEAat3SV6cX0zRi0lBBtG57bmL8jCjDqWBjp5NqlhA6JH3WtihJxLSfTRKP8ZF1ejiMlX3S4In7eyIjkdajKLCdeUI9X8vN/2rt1IRnfsZlkhom6fSjMBXYxDhfH/e4YtSIkQVCFbdZMR0QRaixR3LsEbz5lRehcVLxLN945eolTFWEAziEY/DgFKpwDTWoAwUJT/ACr0ijZ/SG3qetBTSb2Yc/Qh8/bpyS6A==</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="g2YhSydCmc52izg4kleRWlJI8aA=">AAAB8XicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTcuK9gLtkPJpJk2NMkMSUaoQ9/CjQtFdOmDuHcjvo2Ztgtt/SHw8Z9zyH9OmHCmjed9OwuLS8srq4U1d31jc2u7uLNb13GqCK2RmMeqGWJNOZO0ZpjhtJkoikXIaSMcXOb1xh1VmsXyxgwTGgjckyxiBBtr3bYFNv0wyu5HnWLJK3tjoXnwp1A6/3DPkrcvt9opfra7MUkFlYZwrHXL9xITZFgZRjgdue1U0wSTAe7RlkWJBdVBNk48QofW6aIoVvZJg8bu74kMC62HIrSdeUI9W8vN/2qt1ESnQcZkkhoqyeSjKOXIxChfH3WZosTwoQVMFLNZEeljhYmxR3LtEfzZleehflz2LV/7pcoFTFSAfTiAI/DhBCpwBVWoAQEJD/AEz452Hp0X53XSuuBMZ/bgj5z3H2ArlFw=</latexit><latexit sha1_base64="8pL5ttHdAorChuO8INhQiVQZ3OE=">AAAB8XicbVC7TsMwFL0pr1JeBUYWiwqJqUpYYKxgYSwSfYg2qhzXaa06TmTfIJWof8HCAEKs/A0bf4PTZoCWI1k6Oude+dwTJFIYdN1vp7S2vrG5Vd6u7Ozu7R9UD4/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53Hrk2Ilb3OE24H9GREqFgFK300I8ojoMwe5oNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDKz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd2z/M6rNa6LOspwAqdwDh5cQgNuoQktYKDgGV7hzTHOi/PufCxGS06xcwx/4Hz+AP9VkRs=</latexit>

input

azimuth

elevation

lighting
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β-VAE – Experiments

129



Lecture overview
• Motivation

• Training Latent Variable Models (including VAE and IWAE)

• Variations

• Related ideas
– Variational Dequantization (flow++)

130



Recap: Uniform Dequantization
• Uniform Dequantization. Add noise to data.

– We draw noise u uniformly from 

131[Theis, Oord, Bethge, 2016]



Variational Dequantization
• Variational Dequantization. Add a learnable noise q to data. 

132[Ho et al., 2019]



Variational Dequantization on CIFAR

133[Ho et al., 2019]



Next lecture: 
Generative Adversarial 

Networks
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