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Recap: Latent Variable Models
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Recap: Variational Inference
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Recap: A Concrete VAE
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Recap: ELBO
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Recap: ELBO
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Amortized Variational Inference
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Rewriting ELBO
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ELBO as Kullback-Leibler Divergence (KLD)
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Recap: Reparametrization Trick
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Recap: Reparametrization Trick
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A Concrete VAE
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A Concrete VAE – ELBO statistical (i.e., 
Monte Carlo) approximation Lecture #10
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Computation of unbiased estimate of single-datapoint (x) ELBO

1. (µ, log(σ))← EncoderNNφ(x)

2. ϵ ∼ N (0, Id′)

3. z = ϵ⊙ σ + µ

4. Lqφ(z|x) ← −
1
2

∑d′

i=1

(

z2i + log(2π) + log(σi)
)

5. Lpθ(z) ← −
1
2

∑d′

i=1

(

z2i + log(2π)
)

6. (µ̄, log(σ̄))← DecoderNNθ(z)

7. Lpθ(x|z) ← −
1
2

∑d
i=1

(

(xi − µ̄i)2/σ̄2
i + log(2π) + log(σ̄i)

)

8. L← Lpθ(z) + Lpθ(x|z) − Lqφ(z|x)



Another Concrete VAE
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1. Prior distribution is isotropic/spherical Gaussian (independent of θ):
p(z) = N (0, I).

2. Stochastic decoder is factorized Bernoulli:
pθ(x|z) = B (rθ(z)) where rθ(z) ∈ [0, 1]d is the output of a neural network.

3. Stochastic encoder (i.e., inference or recognition model) is Gaussian:

qφ(z|x) = N
(

µφ(x), diag(σ2

φ(x))
)

where µφ(x),σφ(x) are also the outputs

of a neural network.



A Concrete VAE – ELBO statistical (i.e., 
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Computation of unbiased estimate of single-datapoint ELBO

1. (µ, log(σ))← EncoderNNφ(x)

2. ϵ ∼ N (0, Id′)

3. z = ϵ⊙ σ + µ

4. Lqφ(z|x) ← −
1
2

∑d′

i=1

(

z2i + log(2π) + log(σi)
)

5. Lpθ(z) ← −
1
2

∑d′

i=1

(

z2i + log(2π)
)

6. r ← DecoderNNθ(z)

7. Lpθ(x|z) ←
∑d

i=1 (xi log(ri) + (1− xi) log(1− ri))

8. L← Lpθ(z) + Lpθ(x|z) − Lqφ(z|x)



Four Points for Intervention
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Changing the prior distribution
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Changing the Prior Distribution
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Changing the “Loss”
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Changing the “Loss”
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Changing the “Loss”
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VAE-Generated Images are Blurry
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Posterior Collapse
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Selected Applications of VAEs
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Learning Deep Generative Models
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Summary of VAEs
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Research Directions
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Model Families - Encoder
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Model Families - Decoder
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Variational Objectives & References Lecture #10
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