Denoising Diffusion Probabilistic Models
(DDPM)
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GAN: Adversarial
training

VAE: maximize
variational lower bound

Flow-based models:
Invertible transform of
distributions

Diffusion models:
Gradually add Gaussian
noise and then reverse

| \
A RS
Ay 18
h L
i b
B o)
& ¥ T
g1 o
NE NSNS

a dram of the moon falling down on the paddy field.by Victo Ngai.
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Figure 1: Generated samples on CelebA-HQ 256 x 256 (left) and unconditional CIFAR10 (right)
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Flgure 2: The directed graphical model considered in this work.
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Algorithm 1 Training Algorithm 2 Sampling
1: repeat 1: x7 ~ N(0,T)
2 xowq(x<_1) 2: fort=1T,...,1do
ol %1(130?;1({1- el 3 z~N(O,1)ift > 1,elsez =0
DoEen~ , _
5. Take gradient descent step on X1 = \/%—L (Xf - Jf%éﬁ'(xht)) + o2
Va ||e — eg(v/arxo + 1 — ace, t)”2 5: end for
6: until converged 6: return xp
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class GaussianDiffusion(nn.Module)

# 5 X TFEAE IR S
alphas = 1.0 - betas # beta 0.0001->0.02
alphas_cumprod = np.cumprod(alphas)

to_torch = partial(torch.tensor, dtype=torch.float32)
self.register_buffer("betas", to_torch(betas))
self.register_buffer("alphas", to_torch(alphas))

self.register_buffer("alphas_cumprod", to_torch(alphas_cumprod))

self.register_buffer("sqrt_alphas_cumprod”, to_torch(np.sqrt(alphas_cumprod)))
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self.register_buffer("sqrt_one_minus_alphas_cumprod", to_torch(np.sqrt(l -
alphas_cumprod)))
self.register_buffer("reciprocal_sqrt_alphas", to_torch(np.sqrt(l / alphas)))

self.register_buffer("remove_noise_coeff", to_torch(betas / np.sqrt(l -
alphas_cumprod)))
self.register_buffer("sigma", to_torch(np.sqrt(betas)))

# (IS AR Al 7 228 SR BT L Y 24

betas = generate_linear_schedule(
args.num_timesteps,
args.schedule_low * 1000 / args.num_timesteps,
args.schedule_high * 1000 / args.num_timesteps,

gk

def forward(self, x, y=None):
b, ¢, h, w = x.shape
device = x.device

if h != self.img_size[0]:

raise valueError("image height does not match diffusion parameters')
if w I= self.img_size[0]:

raise valueError("image width does not match diffusion parameters')

t = torch.randint(0, self.num_timesteps, (b,), device=device)
# NE—KE R SEE—At, R T, T)
return self.get_losses(x, t, y)

def get_losses(self, x, t, y):
noise = torch.randn_1like(x)

perturbed_x = self.perturb_x(x, t, noise) # xt
estimated_noise = self.model(perturbed_x, t, y)

if self.loss_type == "11":

loss = F.11_Tloss(estimated_noise, noise)
elif self.loss_type == "12":

loss = F.mse_loss(estimated_noise, noise)

return loss

def perturb_x(self, x, t, noise):
return (
extract(self.sqrt_alphas_cumprod, t, x.shape) * x +
extract(self.sqrt_one_minus_alphas_cumprod, t, x.shape) * noise
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@torch.no_grad()
def remove_noise(self, x, t, y, use_ema=True):
if use_ema:
return (
(x - extract(self.remove_noise_coeff, t, x.shape) *
self.ema_model(x, t, y)) * extract(self.reciprocal_sqrt_alphas, t, x.shape)
)
else:
return (
(x - extract(self.remove_noise_coeff, t, x.shape) *
self.model(x, t, y)) *
extract(self.reciprocal_sqrt_alphas, t, x.shape)

)

@torch.no_grad()
def sample(self, batch_size, device, y=None, use_ema=True):
if y is not None and batch_size != len(y):
raise valuetError("sample batch size different from length of given
y™

x = torch.randn(batch_size, self.img_channels, *self.img_size,
device=device)

for t in range(self.num_timesteps - 1, -1, -1):
t_batch = torch.tensor([t], device=device).repeat(batch_size)
x = self.remove_noise(x, t_batch, y, use_ema)

if t > 0:
X += extract(self.sigma, t_batch, x.shape) * torch.randn_1ike(x)

return x.cpu().detach()

UNet

def forward(self, x, time=None, y=None):
ip = self.initial_pad
if ip != 0:
X = F.pad(x, (ip,) * 4)

if self.time_mlp is not None:
if time 1is None:
raise valueError("time conditioning was specified but tim is not
passed")

time_emb self.time_mlp(time)

else:

time_emb None

if self.num_classes is not None and y is None:
raise valueError("class conditioning was specified but y is not
passed")
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X = self.init_conv(x)

skips = [x]

for layer in self.downs:
x = layer(x, time_emb, y)
skips.append(x)

for Tayer 1in self.mid:
x = layer(x, time_emb, y)

for layer in self.ups:
if isinstance(layer, ResidualBlock):
x = torch.cat([x, skips.pop()], dim=1)
x = layer(x, time_emb, y)

x = self.activation(self.out_norm(x))
X = self.out_conv(x)

if self.initial_pad != O:

return x[:, :, ip:-ip, ip:-ip]
else:

return Xx

self.time_mlp = nn.Sequential(
PositionalEmbedding(base_channels, time_emb_scale),
nn.Linear(base_channels, time_emb_dim),
nn.siLuQ),
nn.Linear(time_emb_dim, time_emb_dim),
) if time_emb_dim is not None else None

class ResidualBlock(nn.Module):

def forward(self, x, time_emb=None, y=None):
out = self.activation(self.norm_1(x))
out = self.conv_1(out)

if self.time_bias is not None:
if time_emb 1is None:
raise valueError("time conditioning was specified but time_emb is
not passed")
out += self.time_bias(self.activation(time_emb))[:, :, None, None]
# out 128 128 32 32 time_emb 128 128 1 1

if self.class_bias is not None:
if y is None:
raise valueError("class conditioning was specified but y is not

passed")
out += self.class_bias(y)[:, :, None, None]
out = self.activation(self.norm_2(out))
out = self.conv_2(out) + self.residual_connection(x)

out = self.attention(out)



return out
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