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Taxonomy of GMs

Planar
Coupling

MAFs/IAFs
…

(R)NADE
WaveNet
WaveRNN

…

Vanilla
β-VAE

VQ-VAE
…

Denoising
Score-based

DALLE-2
…

RBMs/DBMs
CD/NCE

score matching
…

Vanilla
WGAN-GP
𝑓-GAN

(𝑓, Γ)-GAN

KALE
Lipschitz-reg.

…

GMs

Exact

ARMs Flows VAEs EBMs DPMs

Approximate Implicit

GANs GGFs

Lecture #16



Generative Adversarial Networks

• Autoregressive Models: pθ(x) =
∏n

i=1
pθ(xi|x<i).

• Variational Autoencoders: pθ(x) =
∫
pθ(x, z)dz.

• Normalizng Flow Models: pX(x; θ) = pZ(f
−1
θ (x))
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• Diffusion Probabilistic Models: pθ(x) = pθ(x|x1)
∏2

t=T
pθ(xt−1|xt)p(xT ).
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Why Maximum Likelihood? Lecture #16



Towards Likelihood-Free Learning Lecture #16
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Comparing Distributions via Samples

• Given a finite set of samples from two distributions S1 = {x ∼ P} and
S2 = {x ∼ Q}, how can we tell if these samples are from the same
distribution? (i.e., P = Q?)

S1 = {x ∼ P} S2 = {x ∼ Q}
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Two-Sample Tests Lecture #16



Generative Modeling and Two-
Sample Tests
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Two-Sample Test via a Discriminator Lecture #16
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Generative Adversarial Networks (GANs)

• A two player minimax game between a generator and a discriminator
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Example of GAN Objective

min
G

max
D

V (G,D) = Ex∼pdata
[logD(x)] + Ez∼pZ

[log(1−D(G(z)))].
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Example of GAN Objective
Lecture #17

HY-673

Lecture #16



Jenson-Shannon Divergence

• For the optimal discriminator D∗

G∗ and generator G∗, we have
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The GAN Training Algorithm Lecture #16



Alternating Optimization in GANs Lecture #16



Frontiers in GAN Research

Image Source: Ian Goodfellow. Samples from 
Goodfellow et al., 2014, Radford et al., 2015, Liu et 
al., 2016, Karras et al., 2017, Karras et al., 2018
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Deep Convolutional GAN (DCGAN) Lecture #16



DCGAN Example – LSUN bedrooms Lecture #16



Conditional GAN Lecture #16
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Conditional GAN - Examples Lecture #16
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Optimization Challenges Lecture #16
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Mode Collapse Lecture #16



Mode Collapse
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Mode Collapse
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Beauty Lies in the Eyes of the Discriminator
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