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Main Idea

Variational Inference ELBO:

log pθ(x) = log
∫

pθ(x |z)p(z)dz

≥ Eqη(z|x)[log pθ(x |z)]−KL(qη(z |x)||pθ(z)) (1)

Improves VAE inference via:
1 Reformulate likelihood term with synthetic likelihood Rθ = pθ(x |z)

p?(x) .
2 Use an implicit distribution qη(z |x) (only need to sample from it).
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Synthetic Likelihood

Introduce synthetic likelihood into likelihood term:

Eqη(z|x)[log pθ(x |z)] = Eqη(z|x)[log
pθ(x |z)
p?(x) ] + Eqη(z|x)[log p?(x)] (2)

Density ratio trick to estimate Rθ = pθ(x |z)
p?(x) with discriminator Dφ:

rφ(x) = p?(x)
pθ(x |z) = p(x |y = 1)

p(x |y = 0) = p(y = 1|x)
p(y = 0|x) = Dφ(x)

1−Dφ(x) (3)
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Implicit Variational Distribution

Uses the density ratio trick.
Cw (z) discriminates z from encoder network qη(z |x) and
p(z) ∼ N(0, 1).

−KL(qη(z |x)||pθ(z)) = Eqη(z|x)[log
p(z)

qη(z |x) ] ≈ Eqη(z|x)[log
Cw (z)

1− Cw(z)
]

(4)
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Hybrid Loss Function

Assume: pθ(x |z) ∝ exp(−λ||x −Gθ(z)||1) where λ is reconstruction scale
parameter.

L(θ, η,w , φ) = Eqη(z|x)[−λ||x − Gθ(z)||1 + log Dφ(Gθ(z))
1−Dφ(Gθ(z)) + log Cw (z)

1− Cw(z)
]

(5)

Standard GAN generator loss plus reconstruction:

Generator Loss ::= Eqη(z|x)[−λ||x − Gθ(z)||1 − logDφ(Gθ(z))] (6)

Alternate minimization with respect to θ, φ, η and w .
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Connection to hybrids of VAE and GAN

Figure: WGAN is similar to DCGAN

AGE: reconstruction losses for both data and latent codes.
Cycle-GAN: α-GAN + latent code reconstruction loss.
WGAN: DCGAN variant uses critic to estimate Wasserstein distance.
ALI an BiGAN: adversarial game between encoder and decoder via
discriminator in the x, z space.
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Experiments: Metrics

Figure: Negative Wasserstein distance (captures overfitting and low quality
samples)

Figure: Multi-scale structural similarity (MS-SSIM) and Inception Score
* Best CIFAR-10 reported inception score is ≈ 7.72 by DFM-GAN
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Experiments: CelebA Samples

Figure: Top row: (left) DCGAN (right) WGAN-GP. Bottom row: (left) AGE
(right) α-GAN.
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Experiments: CelebA Training Reconstructions

Figure: Top: Age, Bottom: α-GAN. Left is data and right are reconstructions.
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Experiments: CIFAR Training Reconstructions

Figure: Top: Age, Bottom: α-GAN. Left is data and right are reconstructions.

10 / 10


