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A chromeplated cat icu]p ure placed on a Persian rug. Android Mascot made from bamboo.

" | el Ny

A transparent sculpture of a duck made out of glass. A raccoon wearing cowboy h and black leather
JBELE is behind the backyard window. Rain droplets
on the window.
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Algorithm 2 Sampling
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XT NN(O,I)

fort=1T,...
z ~N(0,I)ift > 1,else z =0
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end for
return x
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» FID (Fréchet Inception Distance)
— FID RMRBEZRFTEN MRS A, SkREEMABGIBIE
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- TIABTAIRREE, EEE—EERERRR SR TSRS

CIFARI10 (32 x 32) CelebA (64 x 64)
S 10 20 50 100 1000 10 20 50 100 1000
0.0 | 13.36  6.84 4.67 4.16 4.04 17.33 13.73  9.17 6.53 3.51
, 02| 14.04  7.11 4.77 4.25 4.09 17.66  14.11 9.51 6.79 3.64
' 05 | 16.66 8.35 5.25 4.46 4.29 1986 1606 11.01 8.09 4.28
1.0 | 41.07 18.36 8.01 5.78 4.73 33.12 2603 18.48 13.93 5.98
o 367.43 133.37 32772  9.99 3.17 | 299.71 183.83 71.71 4520  3.26
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- DDIM (ICLR 2021)
— {LH9El

# predict noise eps

eps = self. predict eps_from xstart(x, t, out["pred xstart"])
alpha_bar = extract into tensor(self.alpha, t, x.shape)

alpha_bar prev = extract_into tensor(self.alpha_prev, t, x.shape)
sigma = |

cta 1T ERENL IR

* torch.sgrt((1 - alpha bar prev) / (1 - alpha_bar))
* torch.sgrt(l - alpha _bar / alpha bar prev)

) # ddpm: eta=1, ddim: eta=0

# Equation of sample x {t-1}

noise = torch.randn like(x)

mean_pred = ( -H-E_ X1
out["pred_xstart"] * torch.sgrt(alpha_bar_prev)
+ torch.sgrt(l - alpha_bar_prev - sigma ** 2) * gps

)

nonzero_mask = (
(t = @) . float().view(-1, *([1] * (len(x.shape) - 1))}
)

sample = mean_pred + nonzero_mask * sigma * noise
return { sample”: sample, pred xstart : out| pred xstart |}

# ddim

num_steps = space_timesteps(self.num_steps,

| "ddimg"

last_alpha_cumprod = 1.8
new_betas = []
for i, alpha cumprod in enumerate(self.alpha):

if 1 in num_steps:

new_betas.append(1 - alpha_cumprod / last _alpha_cumprod)

last _alpha cumprod = alpha cumprod

self.beta = np.asarray(new_betas)
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- PNDM (ICLR 2022)
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- PNDM (ICLR 2022)

S =M EUEFI AR DDIM B =

£216 DDIM BiAiLi L, WHEDDR ¢ InfEA £ =5% PLMS SMPUMELE
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Algorithm 1 DDIMs

DR LN

xrT NN(O,I)
fort=T7T—-1,---,1,0do

Tt = P(Te41, €0(Te41,t + 1), 0+ 1,¢)
end for
return xo

Algorithm 2 PNDMs

XrT NN(O,I)
fort=T—-1,T—2T —3do

Tt, €t — PRK(.GCH_h t -+ Lt)
end for
fort=7—-4,---,1,0do

Tt, €t = PLMS(LUH_h {ep}p>t, t+1, t)
end for
return xo

AR A S
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*Emi’:% PNDM

- B{REMTER
— oA FID \ step
— S-PNDM: ZFME1E dataset x 10 20 50 100 250 1000 | time
. A model

— F-PNDM: PUMZIE Citrlo | DDIM | 134 684 467 4.16 404

- PF 13.8 389 369 371 372
— DJLATEfRIE S A B BRSEUR DDIM* | 185 109 699 552 452 4.00 | 0337
! & Cifarl0 | FON 13.1 741 526 465 412 371 | 0390
BRI T, FRESKRE (linear) | S-PNDM | 11.6 7.56 5.18 434 391 3.80 | 0.344
K2l 50 F-PNDM | 7.03 5.00 [ 3.95 | 372 3.60 3.70 | 0.391
Citar0 | DDIM 145 879 586 492 430 3.69 | 0505
Cosine) | SPNDM | 864 577 446 394 371 338 | 0517
F-PNDM | 7.05 4.61 | 3.68 | 353 349 3.26 | 0.595

time: 8 FEDRELELT  CeebA [DDIM [ 173 137 907 653 351
i N DDIM* | 169 134 895 636 444 341 | 1.237
BhRVAK, Bfi: CelebA | FON 160 116 813 670 5.14 4.17 | 1431
(linear) | S-PNDM | 122 945 569 403 3.19 299 | 1.258
— RTX 3090 F-PNDM | 7.71 551 [ 334 | 281 271 286 | 1.433
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PNDM
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Hugging face 255 0: diffusers

Scheduler

ddim

|D_
(=

R

singlestep dpm_solver

multistep dpm solver

Paper

Denoising Diffusion Implicit Models

Denoising Diffusion Probabilistic Models

Singlestep DPM-Solver

Multistep DPM-Solver

heun

dpm_discrete

dpm_discrete ancestral

DPM Discrete Scheduler with ancestral sampling inspired by Karras et. al paper

stochastic karras ve

Variance exploding, stochastic sampling from Karras et. al

lms discrete

pndm

Linear multistep scheduler for discrete beta schedules

Pseudo numerical methods for diffusion models (PNDM)

[y

LY g I - R T W]

rt PNDMScheduler

IZERFTIK

from diffusers im

scheduler = PNDMScheduler()
scheduler.set timesteps(58)

# 1nput the image

7 image = torch.randn([24, &])

9 for t in scheduler.timesteps:

# calculate the predict noise
model output = torch.randn([24, 6])
image = scheduler.step(model output, t, image).prev sample

BT RIE

print({image)

Hi51EHAH PNDM #1705
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https://huggingface.co/docs/diffusers/v0.12.0/en/api/schedulers/overview
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Stable Diffusion

Bix

RIBMAMEKERSREB R ( Text-to-Image)

A

IR, WABIK

I

1. EHBwmPBEFERRBRIRZE, HiHiTIR
2. EFHS'ZZMEE%ETHETIZMEE

3. SRR SR SR 9 55 PN 05 75

A MR il 05 75 PRI ST AE EEJanﬁ%H‘

O

o o

ERESHKER

o) 2

SHXEERFEXENENHIE

s

A B FBIK/N—F

(3]

VDOl PRESUE ERRERIBIR T, B/IVERBR IR #H

OO0 T

IIE

CVPR 2022

22




Stable Diffusion

Stable Diffusion
— StabilityAl 281F 2022 F51i580 Al EHREMRE X
— {x Stable Diffusion Online E M _LoJLA{INSS AN Y

Stable Diffusion Version 2 S—

X
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;B2 Stable Diffusion

Stable Diffusion

— [FHBmEZEVRIBE FiHTTEYSS
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;B2 Stable Diffusion
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Transformer
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5:ZB]® Stable Diffusion

o REXDESEIE

4R FID vs. training progress Inception Score vs. training progress
_ H w — LDM-1 40
- I\}{*EﬁA;f =z=;! 150 :tgmi %30
—— LDM-8 A
’ e [a) L : <
UOSR £ WX, BRES o\ TR
9]
C O = =
HcE, EXEEES 50 10

- f - {4""16} jl«*iﬁﬂ}—i 0 > trai]r:IIUStEp " iéoﬁ >0 o traii{gtep - %é%
{8 4 SBU R A0 A ok X AD

FID vs sample throughput FID vs sample throughput

BUR S ————
X . E— VY 4.4 -
CEIBA=2 a2 W
B — IDM4 = O v
W e
g —— LDM-8 8‘4.0 '.
e — — LDM-16 - 3.8
= LDM-4, LDM-8 25 — Lowas
) 3.6
2.0 3.4
0 20 40 60 0 20 40 60
throughput [samples / s] throughput [samples / s]
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;B2 Stable Diffusion

- LDM By sURE

— &R8IIZk

- BRI B WEGRRIEIIFRAHITRIRY BUIE
- BEIEE: UNetModel 1EREGIIRINRIXAR IR RS, fEilSRETIASZ
ARmBITENFEMA, EREETIVGIZESIRF BRI LA X R

— SREEERE

Stable Diffusion

. SRS ERIE s %
beach Encoder

— PNDM (&KX )

- DDIM
- K-LMS
« RIE 1 K/B

Image Information Creator
heduler)

i =
UNet + Scl
Image
UNet UNet """ | UNet Decoder
Step Step Step (Autoencoder
Random image 1 2 50 Proce: image decoder] I
i jon tensor information tensor )
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SIRXAER

« LDM FERUR

CelebA-HQ 256 x 256 FFHQ 256 x 256 CelebAHQ FFHQ
Method FID| Prec.t Recall T Method FID | Prec. T Recall T — _
DC-VAE [61] 15.8 - - ImageBART [21] 9.57 - - V.
VQGANH+T. [22] (k=400) 10.2 - - U-Net GAN (+aug) [75] 109 (7.6) - -
PGGAN |[35] 8.0 . - UDM [ 7] 5.54 . -
LSGM [90] 7.22 - - StyleGAN [10] 4.16 0.71 0.46
UDM [+2] 7.16 ; - ProjectedGAN [74] 3.08 0.65 0.46
LDM-4 (ours, 500-sT) 5.11 0.72 0.49 LDM-4 (ours, 200-s) 4.98 0.73 0.50
LSUN-Churches 256 x 256 LSUN-Bedrooms 256 x 256
Method FID| Prec. t Recall T Method FID| Prec.tT Recallt
DDPM [29] 7.89 - - ImageBART [21] 5.51 - -
ImageBART [21] 7.32 - - DDPM [29] 4.9 - -
PGGAN [3¥] 6.42 - - UDM [42] 4.57 - -
StyleGAN [40] 4.21 - - StyleGAN [40] 2.35 0.59 0.48
StyleGAN2 [41] 3.86 - - ADM [15] 1.90 0.66 0.51
ProjectedGAN [74] 1.59 0.61 0.44 ProjectedGAN [74] 1.52 0.61 0.34 i :
ST e Y
LDM-8* (ours, 200-s)  4.02 0.64 0.52 LDM-4 (ours, 200-s)  2.95 0.66 0.48 “A street sign that reads [SERETAI-UL

’Latent Diffusion’ DI FFUS ION

—
g ey

Text-Conditional Image Synthesis

DALL-ET [64]  CogView' [17]  Lafite [105] LDM-KL-8 |LDM-KL-8-G*

“An oil painting
FID | 27.50 27.10 26.94 23.35 12.61 P
IS 1 17.90 18.20 26.02 19.93+035 26.62 1038
|1—————————»
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Consistency models

— 3Z¥F one-step £/, [E

B st iF

few-step &, LAEiTEEF

HNRE

- ZEEHFK (zero—shot ) HiIER

EH, FlINDBBIEE . EeflBniE,

ZBEXEAESSHITRMRIIZK

—~ 3.5 ERE 64 5k 256 X256 HIE

b, FE A8 5k [ 2

'A

3.3 @ @alfredplpl - Apr13

[=%8] Consistency Models. #73.5% T256x256 0 E & % 641 £/ A

. BRIFEBRICERLAL O, 18fpstEX.

TR
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