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Noisy Channel RDAs



The KL term as Channel Capacity

¢* = argmin E; . In Py (zly)
D Po(2)

— Inpg(y|2)

= argq:r)nin [\IJ,CD(ya z) + By, — In pg(y|2)

The mutual information Iy ¢(y, ) is the channel capacity giv-
ing the rate of information transter from y to z.



Lo Distortion

L(P) = EyNPop — In Pyp(Z9(y)) + ADist(y, yo(Za(y)))

It 1s common to take

© (Lo

Dist(y,y) = ||y — 9

1 R . .
— _Xlnp(y‘y) + C  for p(y|y) o< exp(—Ally — yHQ)

We will ignore the log density interpretation and just call this
Lo distortion.



L1 Distortion

L(P) = Eypop — In Pp(Zop(y)) + ADist(y, yo(20(y)))

Alternatively we have

Dist(y,9) = |ly — yllx (L1)
1 ) . A
= —y Inp(yly) + C for p(yly) oc exp(=Ally —gl}1)

Again, we will ignore the log density interpretation and just
call this Ly distortion.



A Variational Bound on Mutual Information

](y,z) = Ey,e I

[
:gij




The Noisy Channel RDA

d* — argmin Ey,e In pq>(Zq>(y,€)|y)

! Po(z0(y.¢) + ADist(y, yo (28 (y, €)))
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VAE = RDA

P
VAE: ®" = argmin K/ In o(21y)
o

y~Pop, z~Pg(z|y) P@(Z) — In P@(y|2)

Py(2), Po(y|z) andAfA)q)(z|y) are model components and we can switch the
notation to Py(2) Pe(y|z) and Pg(z|y) with no change in the model.

P, N
RDA: @* = argmin E pop opp(zly) 1D ?(z|y) — In Py (y|2)
o

P@(Z)

In an RDA we take Py(y, z) to be Pop(y)Ps(2|y) so that the rate term is
an upper bound on Ig(y, 2).



Sampling

We can require pg(z) be Gaussian. In that case we can sample z from
pa(2z) and generate images (as in a GAN).

[Alec Radford]

This is sampling — not compression. We are decompressing noise.
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A General Autoencoder
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We show below that for pg(z|y) and pe(z) both required to be Gaussian
we can assume without loss of generality that

ﬁ@(z) = N(O, ])



Gaussian Noisy-Channel RDA

We now show that a reparameterization can always convert pe(z) to a
zero-mean identity-covariance Gaussian.

¢* = argmin E, . In p(f)(zq)(y’ W) | ADist(y, ya(2a(y; €)))
P

po(20(y; €))

20(y,€) = po(y) +oaly) ©e e~ N(0,1)

po(2lilly) = N(ua(y)i], oo (y)[i]))
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Gaussian Noisy-Channel RDA

pa(ze(y, €)|y)

Polz0(y. ) + ADist(y, yo(2a(y, €)))

¢* = argmin I, . In
o

We will show that we can fix pe(2) to N(0, I).

pa(zi]ly) = N(ua(y)lil, oa(y)[i])

pa(zli]) = N(0,1)

2

AN

Dist(y,y) = |ly — ¥
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@*

Gaussian Noisy-Channel RDA

pa(za(y, €)|y)

argmin £, . In
®

argmin B, pgp,
o

R + ADist(y, yo(za(y, €)))

K L(ps(2]y), pe(2))

+A E’(E DiSt<y7 y(D(Z@(yv 6)))
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Closed Form KL-Divergence
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Standardizing pe(2)

K L(pa(2ly), pa(2))
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Standardizing pg(2)
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