Diffusion Project
Problem Session



Task 1: Some Derivations (1.1)

Y Y MW

Xt = \/1 — BixXp—1 + \V/ BeZy_q  where Zt—1 ™ N(O, I)

Show that

Xt — \/&tXO‘|‘\/1_&tZ where ZNN(O,I)



Task 1: Some Derivations (1.2)

Score-based formulation = Xo-based formulation

XT NN(O,I) XT NN(O,I)
lori — |  1do for/! I 1do

z ~N(0,I)ift > 1,elsez=0 z ~N(0,I)ift > 1,elsez=0

1 A 1 =
Xi—1 = ﬁ(xt + (1 — a)sy(x,, 1) + mz X0 = \/&—t ():tl+ (1 )al)se(xt’ 1)
o\l — a1 \/(_Xt_ (1 — (It) A
end for X1 = \/_1 ~a X, + 11_ Z Xo++/1 —az
return xg end for
return xg

This is the formulation you will have to use



Task 1: Some Derivations (1.3)

Original DDPM publication ™~ Score-based formulation

XT NN(O,I) XT NN(O,I)
flor/ — |  1do for/! I 1do
z ~N(0,I)ift > 1,elsez=0 z ~N(0,I)ift > 1,elsez=0
_ 1
x| = \/15 (xt " 11—_0;69% t)) +/Toaz i = s (=) + T=az
end for end for
return xo return xo

Hint: Use Tweedie’s formula and the forward diffusion equation Xt = v 04Xo + V1 — Qe



Task 2: Denoising

You will have to:
* Implement the forward (noising) process: x, — x,

. Implement the denoiser: x, — X

* Visualize and analyze your results

- Hint: useful quantities : are pre-computed

VALY



Task 2: Denoising
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Task 3: Unconditional Generation

You will have to:

. Implement the denoiser using the score model: x, — X
. Implement the backward step: X, x, — x,_,

* Run unconditional generation: @ — x,

* Visualize and analyze your results

> Hint: useful quantities are pre-computed



Task 3: Unconditional generation

Example results




Task 4: SDEdIt

y Add noise — — Denoise X
X, =\/y+4/1—az X0
Measurement t is a hyperparameter

You will have to:

* Implement the denoiser, the backward step

 Implement and run SDEdit: y, t — x,

* Visualize and analyze your results



PSNR/LPIPS

Ta Sk 4 . S D E d |t Initialization (t=500) Reconstruction

Inpainting

Ground Truth

Deconvolution
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Task 5: Score ALD

x7 ~ N(0,1)
fort=1T,...,1do
z ~N(0,I)ift > 1,elsez=0

1
Xo = ——=(x, + (1 — &)s4(x,, 1))
a;
Vall—a-) a1 -a)
X,_| = — X, + — §0+\/1—atz
R o t) H2
X, X, X)) —)y
r—1 r—1 2(0_2 N %‘2) X, t
end for

return xo




Task 5: Score ALD

You will have to:

* Implement the denoiser, the backward step

 Implement the gradient computation (with torch.autograd)
* Implement and run ScoreALD: y, o,v,, 4 — x,

 Visualize and analyze your results



PSNR/LPIPS
Reconstruction

Task 5: Score ALD

Inpainting

Ground Truth

28.5/0.0605

Deconvolution

22.2/0.144



Task 6: DPS

x7 ~ N(0,1)
fort=1T,...,1do
z ~N(0,I)ift > 1,elsez=0

Xo = ——=(x, + (1 — &)s4(x,, 1))
a;
Vall—a-)  (a_(1-a),
X = X, + Xo+4/1 —a,z
t_l 1 - &l‘ ! 1 - 5(1 O !

2

ng(a“co> —y

end tTor shsas '\

return xo In practice, ¢ = 3

> works well (see DPS paper p16)
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Task 6: DPS

You will have to:

Implement the denoiser, the backward step

Implement the gradient computation (with torch.autograd)

Implement and run DPS: y, 0,¢, o — x,

Visualize and analyze your results



PSNR/LPIPS
Reconstruction

Task 6: DPS

Inpainting

Ground Truth

34.0/0.0239

Deconvolution

28.4/0.0518



