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AutoEncoder

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Features
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Extract and Reconstruct itself → Auto-Encoder + Decoder
• Encoding is a compression process
• Compression: we need to learn prominent features only

◦ Yet should be enough to reconstruct data

◦ How? Unless for trivial cases, we need params θ
◦ In general, when we need to learn (a set of) many params, just uses

a deep NN to approximate!
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AE - Probabilistic Graphical View

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Embedded Space is considered a Latent Space z
◦ Input x, encoding proces: z ∼ p(z|x) = fθ(x)
◦ Decoding process: x̂ ∼ p(x|z) = fψ(x|z)

• We can approximate fθ and fψ by 2 neural networks
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More constraint needed for z

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• But as we know, it’s not good enough, e.g. vision.
• AE cannot generate new samples
• To actually form a generative model, we need a new randomness

injected into the model
• Choose to inject into z (why?), and call it new params φ.
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x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

✓
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• All’s about Approximation: need another approximation method
(besides fθ to characterize φ)
• Choice: variational bayes approximation
• Note: modeling p(z|x) is called the inference problem, i.e. to infer

the latent representation
• So p(z|x) is called posterior with likelihood p(x|z) and prior p(z)
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Some justifications by comparison?

• Our job: model p(z|x)
• Proposed method: MAP with p(z|x) = p(x|z)p(z)/p(x) with a

prior e.g. p(z) ∼ N(0, I)
◦ Too much biased to prior.

LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 7 / 21
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Some justifications by comparison?

• Our job: model p(z|x)
• Proposed method: sampling to estimate, such as MCMC

◦ MC chain is hard to control to convergence (mix), and it’s slow.

• Resource: MCMC Visualization

LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 8 / 21
Image credit: UBC Course CPSC522

https://www.youtube.com/watch?v=Vv3f0QNWvWQ
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4 Training with Reparametization
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Mean-Field Variational Method

• Problem: intractable distribution p(z|x)
• Pick a well known, simple distribution q(z)
• Push q(z) as close to p(z|x) as possible (tuning params of q(z))
• q(z) is the (variational) approximation of p(z|x)

LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 10 / 21
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Mean-Field Variational Method

• Problem: Generative model: p(x)

log p(x) = log
∫
p(x|z)p(z)dz (1)

= log
∫
p(x|z)p(z)

q(z)q(z)d(z) (2)

≥
∫
q(z) log

(
p(x|z)p(z)

q(z)

)
dz (3)

=
∫
q(z)

(
log (p(x|z) + log p(z)

q(z)

)
dz (4)

=
∫
q(z) log p(x|z)−

∫
q(z) log q(z)

p(z)dz (5)

= Eq(z)[log p(x|z)]−DKL[q(z)‖p(z)] (6)

= Reconstruction Error−Deviation Penalty (7)
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Deviation Penalty

• There is a new term DKL which tunes q(z) to go close to p(z)

log p(x) = Eq(z)[log p(x|z)]−DKL[q(z)‖p(z)]

= Eq(z)[log p(z, x)]− Eq(z)[log p(z)]−DKL[q(z)‖p(z)]

• If we call the reconstruction error ELBO:

ELBO = log p(x)−DKL(q(z)‖p(z|x)) (8)

= Eq(z)[log p(z, x)]− Eq(z)[log q(z)] (9)

= Eq(z)[log p(x|z)]−DKL(q(z)‖p(z)) (10)

◦ ELBO (Evidence Lower Bound) will be the lower-bound of p(x)
◦ Minimizing DKL(q(z)‖p(z)) ≥ 0 will make ELBO close to p(x)
◦ Equivalent to maximizing ELBO.
LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 12 / 21



Problem with Forward KL

• Forward KL: DKL(p(z|x)‖q(z)) =
∫
p(z|x) log p(z|x)

q(z) dz

• Problem:
◦ We don’t know p(z|x)
◦ If p(z|x) = 0, KL is always zero → optimize nothing

LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 13 / 21
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Problem with Forward KL

p(z|x) = 0.5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z|x) = 0.1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z|x) = 0.9
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q(z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z|x) ⇤ log
p(z|x)

q(z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Forward KL: DKL(p(z|x)‖q(z)) =
∫
p(z|x)log p(z|x)

q(z)
• Problem:

◦ If p(z|x) > 0 learn to pick q(z) > 0 low as wanted ...
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Why using Reverse KL

• Reverse KL: DKL(q(z)‖p(z|x)) =
∫
q(z) log q(z)

p(z|x)dz

• Now:
◦ We can control variational distribution q(z)
◦ If p(z|x) = 0, learn to force q(z) close to zero as well

LTI/SCS 11-695: AI Engineering Variational AutoEncoderSpring 2020 15 / 21
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Why using Reverse KL

p(z|x) = 0.5
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z|x) = 0.1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

p(z|x) = 0.9
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q(z)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q(z) ⇤ log
q(z)

p(z|x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Reverse KL: DKL(q(z)‖p(z|x)) =
∫
q(z) log q(z)

p(z|x)dz

• Nice property:
◦ If p(z|x) > 0 learn to grow q(z) to “catch up with” p(z|x)
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Outline

1 AutoEncoder Refresh

2 Variational Approximation

3 Variational AutoEncoder

4 Training with Reparametization
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Variational Parameters

• So far, we use a variational distribution q(z) to approximate p(z|x)
• In our case, we use variational distribution q(z|x) to approximate

the encoder (inference) with params φ
• And as usual, we aproximate φ by a neural network.
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AE + Variational Approximation

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

p(z)

<latexit sha1_base64="Jg0IYHXyA79peb6y/rVGvCZmnmQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlx9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHgUeN5Q==</latexit>

DKL(q�(z|x) k p(z))

<latexit sha1_base64="sjF2veY4T+917gVxGdM4rMed4f8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVooZQZqeiyqAtBFxXsAzplyKSZNjTzMMmI7Tg/4cZfceNCEbeCO//GTNuFth4IHM65l5tznJBRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwVnqN+8IFzTwb+QwJB0P9XzqUoykkmy9ZHlI9h03Pk/s+PIqKdzaVtinhdHDfRFaJatBuLRKMCyMikVo63mjbIwB54k5JXkwRc3Wv6xugCOP+BIzJETbNELZiRGXFDOS5KxIkBDhAeqRtqI+8ojoxONUCTxQShe6AVfPl3Cs/t6IkSfE0HPUZJpBzHqp+J/XjqR70ompH0aS+HhyyI0YlAFMK4JdygmWbKgIwpyqv0LcRxxhqYrMqRLM2cjzpHFYNivlo+tKvno6rSML9sA+KAATHIMquAA1UAcYPIJn8AretCftRXvXPiajGW26swv+QPv8ATJEnYg=</latexit>

p (x|z)

<latexit sha1_base64="/Oc2eydN7Cx+9IERwgGfgNubIlc=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevGIiXwkgKRbutDQ7TZtV8WV/+HFg8Z49b94899YYA8KvmSSl/dmMjPPl5xp47rfTmZpeWV1Lbue29jc2t7J7+7VdRQrQmsk4pFq+lhTzgStGWY4bUpFcehz2vCHlxO/cUeVZpG4MSNJOyHuCxYwgo2VbmW3LTUrPqAn9HiMuvmCW3KnQIvES0kBUlS7+a92LyJxSIUhHGvd8lxpOglWhhFOx7l2rKnEZIj7tGWpwCHVnWR69RgdWaWHgkjZEgZN1d8TCQ61HoW+7QyxGeh5byL+57ViE5x3EiZkbKggs0VBzJGJ0CQC1GOKEsNHlmCimL0VkQFWmBgbVM6G4M2/vEjqJyWvXDq9LhcqF2kcWTiAQyiCB2dQgSuoQg0IKHiGV3hz7p0X5935mLVmnHRmH/7A+fwBKMCRpA==</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Still AutoEncoder, with KL term for variational → VAE

• Note: Decoding phase is from p(z), and not the auto-encoded
probability q(z|x)
• ELBO = Eqφ(z|x))[log p(x|z)]−DKL(qφ(z|x)‖p(z))
• p(z) is random, so now we can actually generate data
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AE + Variational Approximation

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

p(z)

<latexit sha1_base64="Jg0IYHXyA79peb6y/rVGvCZmnmQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlx9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHgUeN5Q==</latexit>

DKL(q�(z|x) k p(z))

<latexit sha1_base64="sjF2veY4T+917gVxGdM4rMed4f8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVooZQZqeiyqAtBFxXsAzplyKSZNjTzMMmI7Tg/4cZfceNCEbeCO//GTNuFth4IHM65l5tznJBRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwVnqN+8IFzTwb+QwJB0P9XzqUoykkmy9ZHlI9h03Pk/s+PIqKdzaVtinhdHDfRFaJatBuLRKMCyMikVo63mjbIwB54k5JXkwRc3Wv6xugCOP+BIzJETbNELZiRGXFDOS5KxIkBDhAeqRtqI+8ojoxONUCTxQShe6AVfPl3Cs/t6IkSfE0HPUZJpBzHqp+J/XjqR70ompH0aS+HhyyI0YlAFMK4JdygmWbKgIwpyqv0LcRxxhqYrMqRLM2cjzpHFYNivlo+tKvno6rSML9sA+KAATHIMquAA1UAcYPIJn8AretCftRXvXPiajGW26swv+QPv8ATJEnYg=</latexit>

p (x|z)

<latexit sha1_base64="/Oc2eydN7Cx+9IERwgGfgNubIlc=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevGIiXwkgKRbutDQ7TZtV8WV/+HFg8Z49b94899YYA8KvmSSl/dmMjPPl5xp47rfTmZpeWV1Lbue29jc2t7J7+7VdRQrQmsk4pFq+lhTzgStGWY4bUpFcehz2vCHlxO/cUeVZpG4MSNJOyHuCxYwgo2VbmW3LTUrPqAn9HiMuvmCW3KnQIvES0kBUlS7+a92LyJxSIUhHGvd8lxpOglWhhFOx7l2rKnEZIj7tGWpwCHVnWR69RgdWaWHgkjZEgZN1d8TCQ61HoW+7QyxGeh5byL+57ViE5x3EiZkbKggs0VBzJGJ0CQC1GOKEsNHlmCimL0VkQFWmBgbVM6G4M2/vEjqJyWvXDq9LhcqF2kcWTiAQyiCB2dQgSuoQg0IKHiGV3hz7p0X5935mLVmnHRmH/7A+fwBKMCRpA==</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Still AutoEncoder, with KL term for variational → VAE
• Note: Decoding phase is from p(z), and not the auto-encoded

probability q(z|x)

• ELBO = Eqφ(z|x))[log p(x|z)]−DKL(qφ(z|x)‖p(z))
• p(z) is random, so now we can actually generate data
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AE + Variational Approximation

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

p(z)

<latexit sha1_base64="Jg0IYHXyA79peb6y/rVGvCZmnmQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlx9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHgUeN5Q==</latexit>

DKL(q�(z|x) k p(z))

<latexit sha1_base64="sjF2veY4T+917gVxGdM4rMed4f8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVooZQZqeiyqAtBFxXsAzplyKSZNjTzMMmI7Tg/4cZfceNCEbeCO//GTNuFth4IHM65l5tznJBRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwVnqN+8IFzTwb+QwJB0P9XzqUoykkmy9ZHlI9h03Pk/s+PIqKdzaVtinhdHDfRFaJatBuLRKMCyMikVo63mjbIwB54k5JXkwRc3Wv6xugCOP+BIzJETbNELZiRGXFDOS5KxIkBDhAeqRtqI+8ojoxONUCTxQShe6AVfPl3Cs/t6IkSfE0HPUZJpBzHqp+J/XjqR70ompH0aS+HhyyI0YlAFMK4JdygmWbKgIwpyqv0LcRxxhqYrMqRLM2cjzpHFYNivlo+tKvno6rSML9sA+KAATHIMquAA1UAcYPIJn8AretCftRXvXPiajGW26swv+QPv8ATJEnYg=</latexit>

p (x|z)

<latexit sha1_base64="/Oc2eydN7Cx+9IERwgGfgNubIlc=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevGIiXwkgKRbutDQ7TZtV8WV/+HFg8Z49b94899YYA8KvmSSl/dmMjPPl5xp47rfTmZpeWV1Lbue29jc2t7J7+7VdRQrQmsk4pFq+lhTzgStGWY4bUpFcehz2vCHlxO/cUeVZpG4MSNJOyHuCxYwgo2VbmW3LTUrPqAn9HiMuvmCW3KnQIvES0kBUlS7+a92LyJxSIUhHGvd8lxpOglWhhFOx7l2rKnEZIj7tGWpwCHVnWR69RgdWaWHgkjZEgZN1d8TCQ61HoW+7QyxGeh5byL+57ViE5x3EiZkbKggs0VBzJGJ0CQC1GOKEsNHlmCimL0VkQFWmBgbVM6G4M2/vEjqJyWvXDq9LhcqF2kcWTiAQyiCB2dQgSuoQg0IKHiGV3hz7p0X5935mLVmnHRmH/7A+fwBKMCRpA==</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Still AutoEncoder, with KL term for variational → VAE
• Note: Decoding phase is from p(z), and not the auto-encoded

probability q(z|x)
• ELBO = Eqφ(z|x))[log p(x|z)]−DKL(qφ(z|x)‖p(z))

• p(z) is random, so now we can actually generate data
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AE + Variational Approximation

Generated Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Raw Data
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DECODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ENCODE
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x ⇠ p(x)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

d(x, x̂)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reconstruction Error
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

q�(z|x)

<latexit sha1_base64="EyRZzkt3oD+wwoJL2Eetc/2fqlU=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCF9IaiB6JXjxiIh8JNGS7bGHDdlt2t0Ss/A4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XsSZ0rb9bWXW1jc2t7LbuZ3dvf2D/OFRQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GbmN8dUKhaKez2JqBvgvmA+I1gbyR11O9GAFR/RE3o47+YLdsmeA60SJyUFSFHr5r86vZDEARWacKxU27Ej7SZYakY4neY6saIRJkPcp21DBQ6ocpP50VN0ZpQe8kNpSmg0V39PJDhQahJ4pjPAeqCWvZn4n9eOtX/lJkxEsaaCLBb5MUc6RLMEUI9JSjSfGIKJZOZWRAZYYqJNTjkTgrP88ippXJSccqlyVy5Ur9M4snACp1AEBy6hCrdQgzoQGMEzvMKbNbZerHfrY9GasdKZY/gD6/MHv1ORcA==</latexit>

p(z)

<latexit sha1_base64="Jg0IYHXyA79peb6y/rVGvCZmnmQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyQp16V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlx9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh59drlfb3SuMnjKMIJnEIVPLiCBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHgUeN5Q==</latexit>

DKL(q�(z|x) k p(z))

<latexit sha1_base64="sjF2veY4T+917gVxGdM4rMed4f8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVooZQZqeiyqAtBFxXsAzplyKSZNjTzMMmI7Tg/4cZfceNCEbeCO//GTNuFth4IHM65l5tznJBRIQ3jW8ssLC4tr2RXc2vrG5tb+vZOQwQRx6SOAxbwloMEYdQndUklI62QE+Q5jDSdwVnqN+8IFzTwb+QwJB0P9XzqUoykkmy9ZHlI9h03Pk/s+PIqKdzaVtinhdHDfRFaJatBuLRKMCyMikVo63mjbIwB54k5JXkwRc3Wv6xugCOP+BIzJETbNELZiRGXFDOS5KxIkBDhAeqRtqI+8ojoxONUCTxQShe6AVfPl3Cs/t6IkSfE0HPUZJpBzHqp+J/XjqR70ompH0aS+HhyyI0YlAFMK4JdygmWbKgIwpyqv0LcRxxhqYrMqRLM2cjzpHFYNivlo+tKvno6rSML9sA+KAATHIMquAA1UAcYPIJn8AretCftRXvXPiajGW26swv+QPv8ATJEnYg=</latexit>

p (x|z)

<latexit sha1_base64="/Oc2eydN7Cx+9IERwgGfgNubIlc=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevGIiXwkgKRbutDQ7TZtV8WV/+HFg8Z49b94899YYA8KvmSSl/dmMjPPl5xp47rfTmZpeWV1Lbue29jc2t7J7+7VdRQrQmsk4pFq+lhTzgStGWY4bUpFcehz2vCHlxO/cUeVZpG4MSNJOyHuCxYwgo2VbmW3LTUrPqAn9HiMuvmCW3KnQIvES0kBUlS7+a92LyJxSIUhHGvd8lxpOglWhhFOx7l2rKnEZIj7tGWpwCHVnWR69RgdWaWHgkjZEgZN1d8TCQ61HoW+7QyxGeh5byL+57ViE5x3EiZkbKggs0VBzJGJ0CQC1GOKEsNHlmCimL0VkQFWmBgbVM6G4M2/vEjqJyWvXDq9LhcqF2kcWTiAQyiCB2dQgSuoQg0IKHiGV3hz7p0X5935mLVmnHRmH/7A+fwBKMCRpA==</latexit>

x̂ ⇠ p (x|z)

<latexit sha1_base64="Gc7cCS9W9wtOzAC3ShuAv7i6X7Y=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBRTBWsDAWiT6kpooc12mt2ollO6gldGDhV1gYQIiVj2Djb3DbDNBypCsdnXOv7r0nEIwq7TjfVm5ldW19I79Z2Nre2d2z9w+aKk4kJg0cs1i2A6QIoxFpaKoZaQtJEA8YaQXDq6nfuiNS0Ti61WNBuhz1IxpSjLSRfLvoDZBORxPoKcqh8D2haHkEH+D9CfTtklNxZoDLxM1ICWSo+/aX14txwkmkMUNKdVxH6G6KpKaYkUnBSxQRCA9Rn3QMjRAnqpvOnpjAY6P0YBhLU5GGM/X3RIq4UmMemE6O9EAtelPxP6+T6PCim9JIJJpEeL4oTBjUMZwmAntUEqzZ2BCEJTW3QjxAEmFtciuYENzFl5dJ87TiVitnN9VS7TKLIw+K4AiUgQvOQQ1cgzpoAAwewTN4BW/Wk/VivVsf89aclc0cgj+wPn8AYRmXRQ==</latexit>

• Still AutoEncoder, with KL term for variational → VAE
• Note: Decoding phase is from p(z), and not the auto-encoded

probability q(z|x)
• ELBO = Eqφ(z|x))[log p(x|z)]−DKL(qφ(z|x)‖p(z))
• p(z) is random, so now we can actually generate data
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Outline

1 AutoEncoder Refresh

2 Variational Approximation

3 Variational AutoEncoder

4 Training with Reparametization
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But, not yet fully differentiable

Original form
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Reparameterized form
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

bottleneck!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

• Sampling z ∼ qφ(z|x) = q(z|x, φ) is not continuous
• Trick: push the sampling to the input level of the graph

◦ ε ∼ p(ε) = N(0, I)
◦ z = gφ(z, ε), a differentiable neural network now!
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