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Auto-Encoder

e Why AE?

Compressed Latent Representation.

Promising Applications. E.g. Image denoising(Super Resolution), Neural Machine Translation
e Why not AE?
Zero Reconstruction loss on a limited dataset

It is difficult to generate a new datapoint
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Generate an image without the image itself
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Encoder

P(X,Z) = P(X)P(Z|X) = P(Z)P(X|Z)
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M P(Z) P(X|Z)
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Variational Auto-Encoder

Statistical Distance between Distributions P(X) and Q(X)

KL-Divergence

Information: [ (p(X)) = —log p(X)

Entropy: H =Yp(X;)I(p(X;)) =2;,—p(X;)log p(X;) —/plng dp
Q(Xy)

KLPIQ) = =xiPXi)log s KL(Q||P) # KL(P||Q)
P(X;)

KL(Q[|P) = —%,Q(X; )lOQQ(XZ) You can pick either!
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Statistical Distance between Distributions P(X) and Q(X)

KL-Divergence
lemma 1: KL(P||Q) >0
Q

Proof: KL(P||Q) = —EPlog% > log(EPF) =0
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logP(X) = KL(Q(Z|X), P(Z|X)) + £Q(Z|X)log

|

|

P(X,2)
Q(Z]X)

|

Constant

Unknown

Evidence Lower Bound(ELBO)




Variational Auto-Encoder

P(X,Z
logP(X) = KL(Q(Z|X), P(Z]X)) + 2Q(Z|X)log 55
Constant Unknown Evidence Lower Bound(ELBO)

P(X,Z)

Mazx L = EQ(Z|X)logQ(Z|X)
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P(Z
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B P(X,Z)
Maxz L = XQ(Z|X)log Q(Z|X)
B P(X|2)P(Z)
= ¥Q(Z]X)log—575
P(z
= YQ(Z|X)(logP(X|Z) + log Q(;l?)f) )

= XQ(Z|X)logP(X|Z) — KL(Q(Z|X)||P(2))
= Eq(z1x)logP(X|Z) — KL(Q(Z|X)||P(Z))



Variational Auto-Encoder

L = Eq(z)x)logP(X|Z) — KL(Q(Z|X)||P(Z))

| |

Reconstruction Loss Tractable

Loss = —Eqzx)logP(X|Z) + KL(Q(Z|X)||P(Z))



Variational Auto-Encoder

P(X,Z) = P(X)P(Z|X) = P(Z)P(X|Z)
P(Z|1X)~Q(Z|X)
logP(X) = KL(Q(Z|X), P(Z| X)) + £Q(Z|X)log

P(X,Z
Maz L = £Q(Z|X)log QE > Xi

L = Bgux)logP(X|2) - KL(Q(ZIX)||P(2))

P(X,2)
Q(Z1X)

Loss = —Eqzx)logP(X|Z) + KL(Q(Z|X)||P(Z))
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e Discussion 1

Q(Z|X) ~ P(Z) ~ P(Z|X)
KL(N(u,0%)||N(0,1)) = 3(~logo® + p* + 0* — 1)
KL(p||lq) = —fplog dx

Loss = E(|| X — X||*) + 5(—log(72 +p? 4+ 0% —1)
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e Discussion 2
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e Discussion 2

Q(Z|X) ~ P(Z) ~ P(Z|X)
Loss = —Eqzx)logP(X|Z) + KL(Q(Z|X)||P(Z))
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e Discussion 2

Q(Z|X) ~ P(Z) ~ P(Z|X)
Loss = —Eqzx)logP(X|Z) + KL(Q(Z|X)||P(Z))

P(Z) = P(Z|X) — P(Z,X) = P(Z)P(X)

Undesired!
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Variational Auto-Encoder

e Discussion 3

Reparameterization

Z=pu+es ~ N(u,o?)
e ~ N(0,1)
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