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class Diffusion:
def __init_ (self, noise_steps=1000, beta_start=1le-4, beta_end=0.02, img_size=256,
device="cuda"):
self.noise_steps = noise_steps
self.beta_start = beta_start
self.beta_end = beta_end
self.img size = img_size
self.device = device

self.beta = self.prepare_noise_schedule().to(device)
self.alpha = 1. - self.beta
self.alpha_hat = torch.cumprod(self.alpha, dim=0)

def prepare_noise_schedule(self):
return torch.linspace(self.beta_start, self.beta_end, self.noise_steps)

def noise_images(self, x, t):
sgrt_alpha_hat = torch.sqrt(self.alpha_hat[t])[:, None, None, None]
sgrt_one_minus_alpha_hat = torch.sqrt(1 - self.alpha_hat[t])[:, None, None, None]
€ = torch.randn_like(x)
return sqrt_alpha_hat * x + sqrt_one_minus_alpha_hat * &, €

def noise_images(self, x, t): # ATz
sqrt_alpha_hat = torch.sqrt(self.alpha_hat[t])[:, None, None, None]


https://github.com/dome272/Diffusion-Models-pytorch/blob/main/ddpm.py
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def

sqrt_one_minus_alpha_hat = torch.sqrt(1 - self.alpha_hat[t])[:, None, None, None]
€ = torch.randn_like(x)

return sqrt_alpha_hat * x + sqrt_one_minus_alpha_hat * &, €

sample(self, model, n):
logging.info(f"Sampling {n} new images....")
model.eval()
with torch.no_grad():
x = torch.randn((n, 3, self.img_size, self.img_size)).to(self.device)
for i in tgdm(reversed(range(1l, self.noise_steps)), position=0):
t = (torch.ones(n) * i).long().to(self.device)
predicted_noise = model(x, t)
alpha = self.alpha[t][:, None, None, None]
alpha_hat = self.alpha_hat[t][:, None, None, None]
beta = self.beta[t][:, None, None, None]
if i > 1:
noise = torch.randn_like(x)
else:
noise = torch.zeros_like(x)
x = 1 / torch.sqrt(alpha) * (x - ((1 - alpha) / (torch.sqrt(1 - alpha_hat))) *

predicted_noise) + torch.sqrt(beta) * noise
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model.train()

x = (x.clamp(-1, 1) + 1) / 2

x = (x * 255).type(torch.uint8)
return x

def train(args):

setup_logging(args.run_name)

device = args.device

dataloader = get_data(args)

model = UNet().to(device)

optimizer = optim.AdamW(model.parameters(), lr=args.lr)

mse

= nn.MSELoss ()

diffusion = Diffusion(img_size=args.image_size, device=device)
logger = SummaryWriter(os.path.join("runs", args.run_name))

1=

for

len(dataloader)

epoch in range(args.epochs):

logging.info(f"Starting epoch {epoch}:")

pbar = tgdm(dataloader)

for i, (images, _) in enumerate(pbar):
images = images.to(device)
t = diffusion.sample_timesteps(images.shape[0]).to(device)
x_t, noise = diffusion.noise_images(images, t)
predicted_noise = model(x_t, t)
loss = mse(noise, predicted_noise)

optimizer.zero_grad()
loss.backward()
optimizer.step()

pbar.set_postfix(MSE=loss.item())
logger.add_scalar("MSE", loss.item(), global_step=epoch * 1 + i)

sampled_images = diffusion.sample(model, n=images.shape[0])
save_images(sampled_images, os.path.join("results", args.run_name, f"{epoch}.jpg"))
torch.save(model.state_dict(), os.path.join("models", args.run_name, f"ckpt.pt"))



HLIEAE—Toss = mse(noise, predicted_noise) i+EAJIIFE

BE

REdiffusionIFZB TEEMN T#E, FEBEERISSESTEX NS

SEEH:
HiRNR 7 ##Diffusion Model
What are Diffusion Models?
SENRG

=5R5 PPT

DDPMigX

Understanding Diffusion Model


https://zhuanlan.zhihu.com/p/525106459
https://lilianweng.github.io/posts/2021-07-11-diffusion-models/#forward-diffusion-process
https://github.com/dome272/Diffusion-Models-pytorch/tree/main
https://speech.ee.ntu.edu.tw/~hylee/ml/ml2023-course-data/DDPM%20(v7).pdf
https://arxiv.org/abs/2006.11239
https://arxiv.org/pdf/2208.11970.pdf




