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Goal for Today
• Variational Auto-encoder (VAE)

1. Maximize Evidence Lower Bound (ELBO) 
2. Reparamertizction trick 
3. Stabilizing Training 

• Discrete Latent Variable Models (LVM)
1. Enumerate 
2. Sampling 
3. Gumbel-softmax 

• LVM Applications in NLP



Discriminative vs. 
Generative Models

• Discriminative model: calculate the probability of 
output given input P(Y|X) 

• Generative model: calculate the probability of a 
variable P(X), or multiple variables P(X,Y) 

• Which of the following models are discriminative vs. 
generative? 

• Standard BiLSTM POS tagger 

• Language model



Types of Variables
• Observed vs. Latent: 

• Observed: something that we can see from our data, e.g. X or Y 

• Latent: a variable that we assume exists, but we aren’t given the 
value 

• Deterministic vs. Random: 

• Deterministic: variables that are calculated directly according 
to some deterministic function 

• Random (stochastic): variables that obey a probability 
distribution, and may take any of several (or infinite) values



Quiz: What Types of 
Variables?

• In the an attentional sequence-to-sequence model 
using MLE/teacher forcing, are the following variables 
observed or latent? deterministic or random? 

• The input word ids f 

• The encoder hidden states h 

• The attention values a 

• The output word ids e



Latent Variable Models 
• A vector of latent variables  in a high-dim space  

which we can sample from some PDF  over 

• For every observed  in our dataset, there is a  that 

causes the model to generate 

• A latent variable model (LVM) is a probability 

distribution over two sets of variables , :



Maximum Likelihood Framework

• Maximize the probability of each x in the training set 
under the generative process according to:



Why LVM?
• Intuitively, latent variable z enables the model to first 

decide which property to generate before it assigns 
values to the output x


• Example:


• Sample a LV z from the set [0,…9] before generating 
an image for the digit 


• Sample a sentiment from {positive, negative} before 
generating a positive/negative movie review.

z=2  -> x=

z=“negative"  -> x= “This is a bad movie.”



What Types of Latent 
Variables?

• Latent continuous vector (e.g. variational auto-
encoder)


• Latent discrete vector (e.g. topic model)


• Latent structure (e.g. HMM or tree-structured model)



Variational Auto-encoders 
(Kingma and Welling 2014)



VAE as a Graphical Model
• We have an observed datapoint X in our dataset


• We have a latent variable z sampled from a Gaussian


• We have a deterministic function  that maps  
to the data space . If  is a random variable (r.v.) in 

, then  is also a r.v. in 


• If we repeat this sampling N times, we hope to 
approximate X by 



An Example (Goersch 2016)

z x

f



A probabilistic perspective on  
Variational Auto-Encoder

• For each datapoint i :
<latexit sha1_base64="bTwryeDNzmltFuegbWHI1b8uCLs=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkVFE9FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHsR1r1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mlE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZvk36QnOGcmwJZVrYWwkbUk0Z2nCKNgRv8eVl0qxWvPNK9f6iXLvJ4yjAMZzAGXhwCTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP04PjTU=</latexit>

• Draw latent variables zi ⇠ p(z)
<latexit sha1_base64="Ur/I5DTSHHCL8dILJ0zPUjty2s4=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJnokevGIiYAJbEi3dKGh7a5tlwQ2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5QcyZNq777eTW1jc2t/LbhZ3dvf2D4uFRU0eJIrRBIh6pxwBrypmkDcMMp4+xolgEnLaC4e3Mb42o0iySD2YcU1/gvmQhI9hYyZ90GepoJlBcnpx3iyW34s6BVomXkRJkqHeLX51eRBJBpSEca9323Nj4KVaGEU6nhU6iaYzJEPdp21KJBdV+Oj96is6s0kNhpGxJg+bq74kUC63HIrCdApuBXvZm4n9eOzHhtZ8yGSeGSrJYFCYcmQjNEkA9pigxfGwJJorZWxEZYIWJsTkVbAje8surpFmteBeV6v1lqXaTxZGHEziFMnhwBTW4gzo0gMATPMMrvDkj58V5dz4WrTknmzmGP3A+fwCuGJFi</latexit>

• Draw data point  xi ⇠ p✓(x|z)
<latexit sha1_base64="wOJ+X90BOhNazuCRDu548Non8Go=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewGwU9Br14jGAekCzL7GQ2GTL7YKZXEtd48Ve8eFDEq3/hzb9xkuxBEwsaiqpuuru8WHAFlvVt5JaWV1bX8uuFjc2t7R1zd6+hokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4mvjNOyYVj8JbGMXMCUgv5D6nBLTkmgdDl+OO4gGO3bQDfQZkXBo+3J+4ZtEqW1PgRWJnpIgy1Fzzq9ONaBKwEKggSrVtKwYnJRI4FWxc6CSKxYQOSI+1NQ1JwJSTTj8Y42OtdLEfSV0h4Kn6eyIlgVKjwNOdAYG+mvcm4n9eOwH/wkl5GCfAQjpb5CcCQ4QnceAul4yCGGlCqOT6Vkz7RBIKOrSCDsGef3mRNCpl+7RcuTkrVi+zOPLoEB2hErLROaqia1RDdUTRI3pGr+jNeDJejHfjY9aaM7KZffQHxucPNe2WvA==</latexit>

(prior)

• Joint probability distribution over data and latent variables: 
p(x, z) = p(z)p✓(x|z)

<latexit sha1_base64="JQICHrLLNf4VYVNWRQ5i4MTe5E4=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAxCAhJ2o6AXIejFYwTzgCSE2ckkGTK7O8z0SpI1Jy/+ihcPinj1G7z5N04eB00saCiquunu8qTgGhzn20osLa+sriXXUxubW9s79u5eWYeRoqxEQxGqqkc0EzxgJeAgWFUqRnxPsIrXux77lXumNA+DOxhI1vBJJ+BtTgkYqWkfykz/BA+z+BLLzDArm3EdugzIKNN/GGabdtrJORPgReLOSBrNUGzaX/VWSCOfBUAF0brmOhIaMVHAqWCjVD3STBLaIx1WMzQgPtONePLGCB8bpYXboTIVAJ6ovydi4ms98D3T6RPo6nlvLP7n1SJoXzRiHsgIWECni9qRwBDicSa4xRWjIAaGEKq4uRXTLlGEgkkuZUJw519eJOV8zj3N5W/P0oWrWRxJdICOUAa56BwV0A0qohKi6BE9o1f0Zj1ZL9a79TFtTVizmX30B9bnD+Ful4A=</latexit>

• Similar to Naive Bayes, HMM: only the prior differs



What is Our Loss Function?
• We would like to maximize the corpus log likelihood

logP (X ) =
X

x2X
logP (x; ✓)

• For a single example, the marginal likelihood is

• We can approximate this by sampling zs then summing

P (x; ✓) =

Z
P (x | z; ✓)P (z)dz

P (x; ✓) ⇡
X

z2S(x)

P (x|z; ✓) where S(x) := {z0; z0 ⇠ P (z)}



Variational Inference

<- intractable

• Solution: Variational inference approximates the 
posterior  with a family of distributions   q�(z|x)

<latexit sha1_base64="Sb+EGWy72xqOPHmm3Iu8PJ9AIpc=">AAAB9XicbVBNT8JAEJ36ifiFevSykZjghbRookeiF4+YyEcClWyXLWzYbuvuVsXK//DiQWO8+l+8+W/cQg8KvmSSl/dmMjPPizhT2ra/rYXFpeWV1dxafn1jc2u7sLPbUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vEj95h2VioXiWo8i6ga4L5jPCNZGurntJp1owMalx6eHo3y3ULTL9gRonjgZKUKGWrfw1emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTK4eo0Oj9JAfSlNCo4n6eyLBgVKjwDOdAdYDNeul4n9eO9b+mZswEcWaCjJd5Mcc6RClEaAek5RoPjIEE8nMrYgMsMREm6DSEJzZl+dJo1J2jsuVq5Ni9TyLIwf7cAAlcOAUqnAJNagDAQnP8Apv1r31Yr1bH9PWBSub2YM/sD5/ABFxkjg=</latexit>

✓
<latexit sha1_base64="VRbFNfU2yJrhxTioHNG9u2eQ22g=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9i2rt/rJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pUWPLA==</latexit>

p✓(x|z)
<latexit sha1_base64="MCOmL9gHcjGCKm6FN0QccqsPdvA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6gDWEynbRDJ5MwcyO2sV/ixoUibv0Ud/6N08dCWw9cOJxzL/feEySCa3Ccbyu3tr6xuZXfLuzs7u0X7YPDpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDP1Ww9MaR7LexglzItIX/KQUwJG8u1i4mddGDAgk/Lj0/jMt0tOxZkBrxJ3QUpogbpvf3V7MU0jJoEKonXHdRLwMqKAU8EmhW6qWULokPRZx1BJIqa9bHb4BJ8apYfDWJmSgGfq74mMRFqPosB0RgQGetmbiv95nRTCKy/jMkmBSTpfFKYCQ4ynKeAeV4yCGBlCqOLmVkwHRBEKJquCCcFdfnmVNKsV97xSvbso1a4XceTRMTpBZeSiS1RDt6iOGoiiFD2jV/Rmja0X6936mLfmrMXMEfoD6/MH5m+TPQ==</latexit>

z
<latexit sha1_base64="VLEo6VgUnu2TnOxoOkqsMPXvyTo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOqPjQI=</latexit>

p✓(z|x)
<latexit sha1_base64="WA8mlh9teHqlBHqqME32v8FjSfI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6gDWEynbRDJ5MwcyO2sV/ixoUibv0Ud/6N08dCWw9cOJxzL/feEySCa3Ccbyu3tr6xuZXfLuzs7u0X7YPDpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDP1Ww9MaR7LexglzItIX/KQUwJG8u1i4mddGDAgk/L46fHMt0tOxZkBrxJ3QUpogbpvf3V7MU0jJoEKonXHdRLwMqKAU8EmhW6qWULokPRZx1BJIqa9bHb4BJ8apYfDWJmSgGfq74mMRFqPosB0RgQGetmbiv95nRTCKy/jMkmBSTpfFKYCQ4ynKeAeV4yCGBlCqOLmVkwHRBEKJquCCcFdfnmVNKsV97xSvbso1a4XceTRMTpBZeSiS1RDt6iOGoiiFD2jV/Rmja0X6936mLfmrMXMEfoD6/MH5nOTPQ==</latexit>

Two tasks of interest: 
• Learn the parameters    of 
• Inference over    with the posterior distribution:     

given input x, what are its latent factors?

p(x) =

Z
p(z)p✓(x|z)dz

<latexit sha1_base64="2hq/7R8bQYARgOokSC46aI99HD0=">AAACC3icbVA9TwJBEN3zE/ELtbTZQEygIXdooo0J0cYSE/lI4EL2lgU27N1tducMcNLb+FdsLDTG1j9g579xDygUfMkkL+/NZGaeJwXXYNvf1srq2vrGZmorvb2zu7efOTis6TBSlFVpKELV8IhmggesChwEa0jFiO8JVvcG14lfv2dK8zC4g5Fkrk96Ae9ySsBI7UxW5ocFfIlbPAAs8+OCbMct6DMgk/zwYVzojNPtTM4u2lPgZeLMSQ7NUWlnvlqdkEY+C4AKonXTsSW4MVHAqWCTdCvSTBI6ID3WNDQgPtNuPP1lgk+M0sHdUJkyJ03V3xMx8bUe+Z7p9An09aKXiP95zQi6F27MAxkBC+hsUTcSGEKcBIM7XDEKYmQIoYqbWzHtE0UomPiSEJzFl5dJrVR0Toul27Nc+WoeRwodoyzKIwedozK6QRVURRQ9omf0it6sJ+vFerc+Zq0r1nzmCP2B9fkDuzeZmw==</latexit>

p✓(z|x) =
p✓(x|z)p(z)

p(x)
<latexit sha1_base64="K3boMzr2Nc3FfzaWMDNDeeyp9CY=">AAACHHicbVBNS8NAEN34bf2KevSyWIT2UhIr6EUoevGoYK3QhrLZbtrFTbLsTqRtmh/ixb/ixYMiXjwI/hu3NYdqfTDweG+GmXm+FFyD43xZc/MLi0vLK6uFtfWNzS17e+dGx4mirE5jEatbn2gmeMTqwEGwW6kYCX3BGv7d+dhv3DOleRxdw0AyLyTdiAecEjBS267KdtqCHgOSlYajfhmf4lagCE2n9P5oWJalYTlLZalfzgptu+hUnAnwLHFzUkQ5Ltv2R6sT0yRkEVBBtG66jgQvJQo4FSwrtBLNJKF3pMuahkYkZNpLJ89l+MAoHRzEylQEeKJOT6Qk1HoQ+qYzJNDTf72x+J/XTCA48VIeyQRYRH8WBYnAEONxUrjDFaMgBoYQqri5FdMeMdmAyXMcgvv35Vlyc1hxq5XDq6Ni7SyPYwXtoX1UQi46RjV0gS5RHVH0gJ7QC3q1Hq1n6816/2mds/KZXfQL1uc3WvyhgA==</latexit>

• However, as  is intractable  is also intractable.



Variational Inference
• Variational inference approximates the true posterior             

 with a family of distributions p✓(z|x)
<latexit sha1_base64="WA8mlh9teHqlBHqqME32v8FjSfI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6gDWEynbRDJ5MwcyO2sV/ixoUibv0Ud/6N08dCWw9cOJxzL/feEySCa3Ccbyu3tr6xuZXfLuzs7u0X7YPDpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDP1Ww9MaR7LexglzItIX/KQUwJG8u1i4mddGDAgk/L46fHMt0tOxZkBrxJ3QUpogbpvf3V7MU0jJoEKonXHdRLwMqKAU8EmhW6qWULokPRZx1BJIqa9bHb4BJ8apYfDWJmSgGfq74mMRFqPosB0RgQGetmbiv95nRTCKy/jMkmBSTpfFKYCQ4ynKeAeV4yCGBlCqOLmVkwHRBEKJquCCcFdfnmVNKsV97xSvbso1a4XceTRMTpBZeSiS1RDt6iOGoiiFD2jV/Rmja0X6936mLfmrMXMEfoD6/MH5nOTPQ==</latexit>

q�(z|x)
<latexit sha1_base64="Sb+EGWy72xqOPHmm3Iu8PJ9AIpc=">AAAB9XicbVBNT8JAEJ36ifiFevSykZjghbRookeiF4+YyEcClWyXLWzYbuvuVsXK//DiQWO8+l+8+W/cQg8KvmSSl/dmMjPPizhT2ra/rYXFpeWV1dxafn1jc2u7sLPbUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vEj95h2VioXiWo8i6ga4L5jPCNZGurntJp1owMalx6eHo3y3ULTL9gRonjgZKUKGWrfw1emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTK4eo0Oj9JAfSlNCo4n6eyLBgVKjwDOdAdYDNeul4n9eO9b+mZswEcWaCjJd5Mcc6RClEaAek5RoPjIEE8nMrYgMsMREm6DSEJzZl+dJo1J2jsuVq5Ni9TyLIwf7cAAlcOAUqnAJNagDAQnP8Apv1r31Yr1bH9PWBSub2YM/sD5/ABFxkjg=</latexit>

minimize : KL(q�(z|x)||p✓(z|x))
<latexit sha1_base64="V6PP8UpUBuToyRFeWEB9uJz5WQo="></latexit>

• Combining the above two, this is equivalent to maximize the 
Evidence Lower Bound (ELBO)

ELBO = Eq�(z|x)[log p✓(x|z)]�KL(q�(z|x)||p(z))
<latexit sha1_base64="1sCvvke1V5CLX886AOjgNS48aEE="></latexit>

KL(q||p) � 0 => log p(x) � ELBO
<latexit sha1_base64="X5K7cgvjBfePbtTNEcrjdAPqsYs=">AAACIXicbVBbSwJBGJ21m9nN6rGXIQnsRXYtyJdCjCBIyCAv4C4yO446OHtxZjaS1b/SS3+llx6K8C36M83qBqUdGDiccz7m+47tMyqkrn9qiaXlldW15HpqY3Nreye9u1cTXsAxqWKPebxhI0EYdUlVUslIw+cEOTYjdbt/Gfn1B8IF9dx7OfSJ5aCuSzsUI6mkVrpgOkj2uBPelMfZwWjkH0OzSwZQh+cX0GReF/rZx1j7iV6VS7fjVjqj5/Qp4CIxYpIBMSqt9MRsezhwiCsxQ0I0Dd2XVoi4pJiRccoMBPER7qMuaSrqIocIK5xeOIZHSmnDjsfVcyWcqr8nQuQIMXRslYyWFPNeJP7nNQPZKVghdf1AEhfPPuoEDEoPRnXBNuUESzZUBGFO1a4Q9xBHWKpSU6oEY/7kRVLL54yTXP7uNFMsxXUkwQE4BFlggDNQBNegAqoAgyfwAt7Au/asvWof2mQWTWjxzD74A+3rG9XdohA=</latexit>

log p(x) = ELBO+KL(q�(z|x)||p✓(z|x))
<latexit sha1_base64="vUyU7pEojH4w36KU/fzMWGz9ZQA="></latexit>

• One other target is to maximize the log-data likelihood which can 
be rewritten as:



Variational Inference
• Variational inference approximates the true posterior             

 with a family of distributions p✓(z|x)
<latexit sha1_base64="WA8mlh9teHqlBHqqME32v8FjSfI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6gDWEynbRDJ5MwcyO2sV/ixoUibv0Ud/6N08dCWw9cOJxzL/feEySCa3Ccbyu3tr6xuZXfLuzs7u0X7YPDpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDP1Ww9MaR7LexglzItIX/KQUwJG8u1i4mddGDAgk/L46fHMt0tOxZkBrxJ3QUpogbpvf3V7MU0jJoEKonXHdRLwMqKAU8EmhW6qWULokPRZx1BJIqa9bHb4BJ8apYfDWJmSgGfq74mMRFqPosB0RgQGetmbiv95nRTCKy/jMkmBSTpfFKYCQ4ynKeAeV4yCGBlCqOLmVkwHRBEKJquCCcFdfnmVNKsV97xSvbso1a4XceTRMTpBZeSiS1RDt6iOGoiiFD2jV/Rmja0X6936mLfmrMXMEfoD6/MH5nOTPQ==</latexit>

q�(z|x)
<latexit sha1_base64="Sb+EGWy72xqOPHmm3Iu8PJ9AIpc=">AAAB9XicbVBNT8JAEJ36ifiFevSykZjghbRookeiF4+YyEcClWyXLWzYbuvuVsXK//DiQWO8+l+8+W/cQg8KvmSSl/dmMjPPizhT2ra/rYXFpeWV1dxafn1jc2u7sLPbUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vEj95h2VioXiWo8i6ga4L5jPCNZGurntJp1owMalx6eHo3y3ULTL9gRonjgZKUKGWrfw1emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTK4eo0Oj9JAfSlNCo4n6eyLBgVKjwDOdAdYDNeul4n9eO9b+mZswEcWaCjJd5Mcc6RClEaAek5RoPjIEE8nMrYgMsMREm6DSEJzZl+dJo1J2jsuVq5Ni9TyLIwf7cAAlcOAUqnAJNagDAQnP8Apv1r31Yr1bH9PWBSub2YM/sD5/ABFxkjg=</latexit>

minimize : KL(q�(z|x)||p✓(z|x))
<latexit sha1_base64="V6PP8UpUBuToyRFeWEB9uJz5WQo="></latexit>

• Evidence Lower Bound (ELBO)

ELBO = Eq�(z|x)[log p✓(x|z)]�KL(q�(z|x)||p(z))
<latexit sha1_base64="1sCvvke1V5CLX886AOjgNS48aEE="></latexit>

log p(x) = ELBO+KL(q�(z|x)||p✓(z|x))
<latexit sha1_base64="vUyU7pEojH4w36KU/fzMWGz9ZQA="></latexit>

KL(q||p) � 0 => log p(x) � ELBO
<latexit sha1_base64="X5K7cgvjBfePbtTNEcrjdAPqsYs=">AAACIXicbVBbSwJBGJ21m9nN6rGXIQnsRXYtyJdCjCBIyCAv4C4yO446OHtxZjaS1b/SS3+llx6K8C36M83qBqUdGDiccz7m+47tMyqkrn9qiaXlldW15HpqY3Nreye9u1cTXsAxqWKPebxhI0EYdUlVUslIw+cEOTYjdbt/Gfn1B8IF9dx7OfSJ5aCuSzsUI6mkVrpgOkj2uBPelMfZwWjkH0OzSwZQh+cX0GReF/rZx1j7iV6VS7fjVjqj5/Qp4CIxYpIBMSqt9MRsezhwiCsxQ0I0Dd2XVoi4pJiRccoMBPER7qMuaSrqIocIK5xeOIZHSmnDjsfVcyWcqr8nQuQIMXRslYyWFPNeJP7nNQPZKVghdf1AEhfPPuoEDEoPRnXBNuUESzZUBGFO1a4Q9xBHWKpSU6oEY/7kRVLL54yTXP7uNFMsxXUkwQE4BFlggDNQBNegAqoAgyfwAt7Au/asvWof2mQWTWjxzD74A+3rG9XdohA=</latexit>

• One other target is to maximize the log-data likelihood which can 
be rewritten as:



Variational Inference
• Variational inference approximates the true 

posterior             with a family of distributions q�(z|x)
<latexit sha1_base64="Sb+EGWy72xqOPHmm3Iu8PJ9AIpc=">AAAB9XicbVBNT8JAEJ36ifiFevSykZjghbRookeiF4+YyEcClWyXLWzYbuvuVsXK//DiQWO8+l+8+W/cQg8KvmSSl/dmMjPPizhT2ra/rYXFpeWV1dxafn1jc2u7sLPbUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vEj95h2VioXiWo8i6ga4L5jPCNZGurntJp1owMalx6eHo3y3ULTL9gRonjgZKUKGWrfw1emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTK4eo0Oj9JAfSlNCo4n6eyLBgVKjwDOdAdYDNeul4n9eO9b+mZswEcWaCjJd5Mcc6RClEaAek5RoPjIEE8nMrYgMsMREm6DSEJzZl+dJo1J2jsuVq5Ni9TyLIwf7cAAlcOAUqnAJNagDAQnP8Apv1r31Yr1bH9PWBSub2YM/sD5/ABFxkjg=</latexit>

p✓(z|x)
<latexit sha1_base64="WA8mlh9teHqlBHqqME32v8FjSfI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6gDWEynbRDJ5MwcyO2sV/ixoUibv0Ud/6N08dCWw9cOJxzL/feEySCa3Ccbyu3tr6xuZXfLuzs7u0X7YPDpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDP1Ww9MaR7LexglzItIX/KQUwJG8u1i4mddGDAgk/L46fHMt0tOxZkBrxJ3QUpogbpvf3V7MU0jJoEKonXHdRLwMqKAU8EmhW6qWULokPRZx1BJIqa9bHb4BJ8apYfDWJmSgGfq74mMRFqPosB0RgQGetmbiv95nRTCKy/jMkmBSTpfFKYCQ4ynKeAeV4yCGBlCqOLmVkwHRBEKJquCCcFdfnmVNKsV97xSvbso1a4XceTRMTpBZeSiS1RDt6iOGoiiFD2jV/Rmja0X6936mLfmrMXMEfoD6/MH5nOTPQ==</latexit>

minimize : KL(q�(z|x)||p✓(z|x))
<latexit sha1_base64="V6PP8UpUBuToyRFeWEB9uJz5WQo="></latexit>

• Combining the above two objectives, it is equivalent 
to maximize ELBO

maximize : ELBO
<latexit sha1_base64="on/dLDp74SH1oHoZpzjPWxqeuWU=">AAACCXicbVDLSgMxFM34rPU16tJNsAiuykwVFFelIrgQrGAf0A4lk2ba0CQzJBmxDt268VfcuFDErX/gzr8x0w6irQcuHM65l3vv8SNGlXacL2tufmFxaTm3kl9dW9/YtLe26yqMJSY1HLJQNn2kCKOC1DTVjDQjSRD3GWn4g7PUb9wSqWgobvQwIh5HPUEDipE2UseGbY50X/KEozvK6T0Znf5I55eVq1HHLjhFZww4S9yMFECGasf+bHdDHHMiNGZIqZbrRNpLkNQUMzLKt2NFIoQHqEdahgrEifKS8ScjuG+ULgxCaUpoOFZ/TySIKzXkvulMj1TTXir+57ViHZx4CRVRrInAk0VBzKAOYRoL7FJJsGZDQxCW1NwKcR9JhLUJL29CcKdfniX1UtE9LJaujwrlShZHDuyCPXAAXHAMyuACVEENYPAAnsALeLUerWfrzXqftM5Z2cwO+APr4xsLApqJ</latexit>



Variational Auto-Encoders
� ELBO

<latexit sha1_base64="726sRLPU0hZ9Kj5P1KihHSpU9D0="></latexit><latexit sha1_base64="726sRLPU0hZ9Kj5P1KihHSpU9D0="></latexit><latexit sha1_base64="726sRLPU0hZ9Kj5P1KihHSpU9D0="></latexit>

The inequality holds for any , but the lower bound 
is tight only if 

q�(z|x)
<latexit sha1_base64="Sb+EGWy72xqOPHmm3Iu8PJ9AIpc=">AAAB9XicbVBNT8JAEJ36ifiFevSykZjghbRookeiF4+YyEcClWyXLWzYbuvuVsXK//DiQWO8+l+8+W/cQg8KvmSSl/dmMjPPizhT2ra/rYXFpeWV1dxafn1jc2u7sLPbUGEsCa2TkIey5WFFORO0rpnmtBVJigOP06Y3vEj95h2VioXiWo8i6ga4L5jPCNZGurntJp1owMalx6eHo3y3ULTL9gRonjgZKUKGWrfw1emFJA6o0IRjpdqOHWk3wVIzwuk434kVjTAZ4j5tGypwQJWbTK4eo0Oj9JAfSlNCo4n6eyLBgVKjwDOdAdYDNeul4n9eO9b+mZswEcWaCjJd5Mcc6RClEaAek5RoPjIEE8nMrYgMsMREm6DSEJzZl+dJo1J2jsuVq5Ni9TyLIwf7cAAlcOAUqnAJNagDAQnP8Apv1r31Yr1bH9PWBSub2YM/sD5/ABFxkjg=</latexit>

 is intractable



Variational Autoencoders

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>
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Variational Autoencoders

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>
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Why prior ?
>=

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>
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Why prior ?
>=

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>
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VAE vs. AE
x

<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

VAE



VAE vs. AE
x

<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

inductive bias !

VAE



VAE vs. AE
x

<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

inductive bias !

?
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AE



VAE vs. AE
x

<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

inductive bias !

?
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AE



VAE vs. AE
x

<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

p(z)
<latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit><latexit sha1_base64="BMlcnxo7sQRJA5Gg0pI6oINxqOE=">AAACEnicZVDLSgMxFM3UV62vqks3g0WoUMpUBHVXdOOygmML7VAyaaYNTSZjckeoQz9D3Op3uBK3/oCf4R+Ymc7CthfCPTn33HBy/IgzDY7zYxVWVtfWN4qbpa3tnd298v7Bg5axItQlkkvV8bGmnIXUBQacdiJFsfA5bfvjm3TefqJKMxnewySinsDDkAWMYDCUF1V7AsPID5Ln6Wm/XHHqTlb2MmjkoILyavXLv72BJLGgIRCOte42nAi8BCtghNNpqRdrGmEyxkPaNTDEgmovyUxP7RPDDOxAKnNCsDP2/0aChU69GWXa9NwsZUBKrmtGBSORtvSZ7K4nwq/5opaKlA70ghEILr2EhVEMNCQzH0HMbZB2GpA9YIoS4BMDMFHMfMUmI6wwARNjyWTUWExkGbhn9au6c3deaV7nYRXRETpGVdRAF6iJblELuYigR/SK3tC79WJ9WJ/W10xasPKdQzRX1vcf9sOfCw==</latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

z
<latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit><latexit sha1_base64="pLnqAsmTFWJQSVA69c6xb03wv3M=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGQwJuqO6MYlJo4QgZBO6UBDH5P2jglO+AnjVr/DlXHrJ/gZ/oGdYRYCN2nu6bnnNqcniDgz4Hk/TmFldW19o7hZ2tre2d0r7x88GBVrQn2iuNLtABvKmaQ+MOC0HWmKRcBpKxjfpPPWE9WGKXkPk4j2BB5KFjKCwVKPXYFhFITJ87Rfrng1Lyt3GdRzUEF5Nfvl3+5AkVhQCYRjYzp1L4JegjUwwum01I0NjTAZ4yHtWCixoKaXZI6n7ollBm6otD0S3Iz9v5FgYVJrVpk2MzdLGVCKm6pVwUikLX0mu5uJCKqBqKYibUKzYATCy17CZBQDlWTmI4y5C8pN03EHTFMCfGIBJprZr7hkhDUmYDMs2Yzqi4ksA/+sdlXz7s4rjes8rCI6QsfoFNXRBWqgW9REPiJIolf0ht6dF+fD+XS+ZtKCk+8corlyvv8AQRieLA==</latexit>

q�(z|x)
<latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit><latexit sha1_base64="w6BvjHSyPIfpojRQkdLH6p+afXc="></latexit>

p✓(x|z)
<latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit><latexit sha1_base64="Wbl6/d1+NSe4D7I5NZ+LiaVjjT4="></latexit>

x
<latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit><latexit sha1_base64="gXlW4ofy6WTdDobdCq1lEt46OQ0=">AAACD3icZVDLTgIxFO3gC/GFunQzkZi4IGTGmKg7ohuXmDhChAnplA409DFp7xjJhJ8wbvU7XBm3foKf4R/YARYCN2nu6bnnNqcnSjgz4Hk/TmFldW19o7hZ2tre2d0r7x88GJVqQgOiuNKtCBvKmaQBMOC0lWiKRcRpMxre5PPmE9WGKXkPo4SGAvclixnBYKnHjsAwiOLsedwtV7yaNyl3GfgzUEGzanTLv52eIqmgEgjHxrR9L4EwwxoY4XRc6qSGJpgMcZ+2LZRYUBNmE8dj98QyPTdW2h4J7oT9v5FhYXJrVpk3MzfLGVCKm6pVwUDkLX9mcjcjEVUjUc1F2sRmwQjEl2HGZJIClWTqI065C8rN03F7TFMCfGQBJprZr7hkgDUmYDMs2Yz8xUSWQXBWu6p5d+eV+vUsrCI6QsfoFPnoAtXRLWqgABEk0St6Q+/Oi/PhfDpfU2nBme0corlyvv8APdKeKg==</latexit>

inductive bias !

VAE

AE

(1) Can’t sample new data from AE 
(2) Can’t compute the log likelihood 

of data x
AE is not generative model: 



Training of VAE
>=

p(z)
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Problem! 
Sampling Breaks Backprop

Figure Credit: Doersch (2016)



Solution: 
Re-parameterization Trick

Figure Credit: Doersch (2016)



An Example: Generating Sentences 
w/ Variational Autoencoders



Generating from Language 
Models

• Remember: using ancestral sampling, we can 
generate from a normal language model

• We can also generate conditioned on something 
P(y|x) (e.g. translation, image captioning)

while xj-1 != “</s>”: 
  xj ~ P(xj | x1, …, xj-1)

while yj-1 != “</s>”: 
  yj ~ P(yj | X, y1, …, yj-1)



Generating Sentences from a 
Continuous Space (Bowman et al. 2015)
• The VAE-based approach is conditional language 

model that conditions on a latent variable z 
• Like an encoder-decoder, but latent representation 

is latent variable, input and output are identical

Q RNN

Sentence x

P RNN

Sentence xLatent z



Motivation for Latent 
Variables

• Allows for a consistent latent space of sentences? 

• e.g. interpolation between two sentences 

•  
 
 
 
 

• More robust to noise? VAE can be viewed as 
standard model + regularization.

Standard encoder-decoder VAE



Difficulties in Training
• Of the two components in the VAE objective, the 

KL divergence term is much easier to learn!

• Results in the model learning to rely solely on 
decoder and ignore latent variable (.                       ) 
-> Posterior Collapse

logP (x)�KL[Q(z | x)||P (z | x)] = Ez⇠Q(z|x)[logP (x | z)]�KL[Q(z | x)||P (z)]

Requires good 
generative model

Just need to 
set the mean/variance 
of Q to be same as P

P (x|z) = P (x)
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Solution 1: 
KL Divergence Annealing

• Basic idea: Multiply KL term by a constant λ starting at 
zero, then gradually increase to 1 

• Result: model can learn to use z before getting penalized

Figure Credit: Bowman et al. (2017)



Solution 2: 
Free bits / KL thresholding

• Free bits replaces the KL term in ELBO with a hinge 
loss that maximize each component of the original 
KL with a constant:

X

i

max[�, DKL(q�(zi|x)||p(zi))]
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•      :Target rate�
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Solution 3: 
Weaken the Decoder

• But theoretically still problematic: it can be shown that 
the optimal strategy is to ignore z when it is not 
necessary (Chen et al. 2017) 

• Solution: weaken decoder P(x|z) so using z is essential 

• Use word dropout to occasionally skip inputting 
previous word in x (Bowman et al. 2015) 

• Use a convolutional decoder w/ limited context 
(Yang et al. 2017) 



Solution 4: 
Aggressive Inference Network Learning

max
✓,�
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max
✓

max
�
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(He et al. 2019)



Handling Discrete Latent 
Variables



Discrete Latent Variables?

• Many variables are better treated as discrete 

• Part-of-speech of a word 

• Class of a question 

• Writer traits (left-handed or right-handed, etc.) 

• How do we handle these?



Method 1: Enumeration
• For discrete variables, our integral is a sum

P (x; ✓) =
X

z

P (x | z; ✓)P (z)

• If the number of possible configurations for z is 
small, we can just sum over all of them



Method 2: Sampling
• Randomly sample a subset of configurations of z 

and optimize with respect to this subset 

• Various flavors: 
• Minimum risk training 
• Maximize ELBO loss

• Score function gradient estimator - Policy Gradient 
Method 
• Unbiased estimator but high variance - need to 

control variance



Method 3: Reparameterization 
(Maddison et al. 2017, Jang et al. 2017)

• Reparameterization also possible for discrete variables!
Original Categorical Sampling Method:

ẑ = cat-sample(P (z | x))
Reparameterized Method

Gumbel(0, 1) = � log(� log(Uniform(0,1)))

where the Gumbel distribution is

• Backprop is still not possible, due to argmax

ẑ = argmax(logP (z | x) + Gumbel(0,1))



Gumbel-Softmax
• A way to soften the decision and allow for continuous 

gradients 

• Instead of argmax, take softmax with temperature τ 
 

• As τ approaches 0, will approach max

ẑ = softmax((logP (z | x) + Gumbel(0,1))1/⌧ )



Application Examples 
in NLP



Symbol Sequence Latent 
Variables (Miao and Blunsom 2016)

• Encoder-decoder with a sequence of latent symbols

• Summarization in Miao and Blunsom (2016) 

• Attempts to “discover” language (e.g. Havrylov and Titov 2017) 

• But things may not be so simple! (Kottur et al. 2017)



Unsupervised Recurrent Neural 
Network Grammars 

(Kim et al., 2019)



STRUCTVAE: Tree-structured Latent Variable Models for 
Semi-supervised Semantic Parsing （Yin et al. 2018）



Questions?


