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vae = AutoencoderkL.from pretrained(
VAE_ID, subfolder="vae", torch_dtype=torch.floati6
) .to(device).eval()

for p in vae.parameters(): p.requires_grad = False

tokenizer = CLIPTokenizer.from pretrained(“openai/clip-vit-large-patch14™)

text_encoder = CLIPTextModel.from pretrained(
"openai/clip-vit-large-patch14”, torch_dtype=torch.float16

) -to(device).eval()

for p in text_encoder.parameters(): p.requires_grad = False

def find lora_ targets(model):
leaf_types = (torch.nn.Linear,
torch.nn.Convild, torch.nn.Conv2d, torch.nn.Conv3d)
keep = set()
for full_name, module in model.named modules():
if isinstance(module, leaf types):
last = full name.split(".")[-1]
if not last.isdigit():
keep.add(last)

return sorted(keep)

olNet (PEFT-LORA)
controlnet = ControlNetModel.from pretrained(
CONTROLNET_ID, torch_dtype=torch.float16
)
target_mods_ctrl = find lora_targets(controlnet)
print("ControlNet LoRA CH&H(2HE):", target mods ctrl[:20], "...")

lora _cfg ctrl = LoraConfig(r=8, lora_alpha=16, bias="none",
target_modules=target_mods_ctrl)

controlnet = get peft model(controlnet, lora cfg ctrl).to(device)

controlnet.print_trainable_parameters()

controlnet.train()

StableDiffusionControlNetPipeline.from_pretrained(
_ID, controlnet=controlnet, vae=vae,
text_encoder=text_encoder, tokenizer=tokenizer,
torch_dtype=torch.float16,
)-to(device)

try: pipe.enable_xformers_memory_efficient_attention()
except Exception: pass
pipe.unet.to(memory_format=torch.channels last)

pipe.controlnet.enable_gradient_checkpointing()

p in pipe.unet.parameters(): .requires_grad

in pipe.vae.parameters(): .requires_grad
in pipe.text_encoder.parameters(): p.requires_grad
in pipe.controlnet.parameters(): .requires_grad

il PEFT-LoRA F&

lora_cfg_unet = LoraConfig(

r=UNET_LORA_RANK,

lora_alpha=UNET_LORA_RANK,
target_modules=["to_q", "to_k", "to_v", "to_out.0"],
bias="none",

)

pipe.unet = get peft_model(pipe.unet, lora_cfg_unet)

I i=]
=T

PN

for name, param in pipe.unet.named_parameters():

if "lora_" in name and name.startswith("down_blocks"):

param.requires_grad = False

tn_unet = sum(p.numel() for p in pipe.unet.parameters() if p.requires_grad)
tn_ctrl = sum(p.-numel() for p in pipe.controlnet.parameters() if p.requires_grad)
print(f"Trainable params -> UNet(LoRA): {tn_unet:,} | ControlNet(LoRA): {tn_ctrl:,}")

pipe.unet.train()




© =0 =

1obaliit o f pred_type == "v_prediction”:
obal step =

8 —Step target = noise_scheduler.get velocity(target_lat, noise, timesteps)

for epoch in range(1, EPOCHS + 1):

total_loss = 6.0

batch in tqdm(loader, desc=f"Epoch {epoch}/{EPOCHS}"): loss = F.mse_loss(lat_pred.float(), target.float(), reduction=
loss = loss.mean(dim=(1,2,3)) # per-sal

lat_ok batch["ok_lat"].to(device, torch.float16, non_blocking=True) g 5 o

lat_ng batch["ng_lat"].to(device, torch.float16, non_blocking=True) L

i " . . if USE_SNR_WEIGHT:
cond batch["cond"].to(device, torch.float16, non_blocking=True) et enr(timestens)itn(@oss dtyre)
class_ids = batch["class_id"] " HA HOtEt gamma-weighted loss
defect_ids = batch["defect_id"] = c in(snr, gam snr HEnly D=

bsz = lat_ok.size(®) weights = (snr.clamp(max=SNR_GAMMA) / snr).detach()

loss = loss * weights
# 0 S0|= & ERAUAE (ke DE:
loss = loss.mean
target_lat = lat_ng O

loss.backward()
noise = torch.randn_like(target_lat)

timesteps = torch.randint(®, noise_scheduler.config.num_train_timesteps,

(bsz,), device=device) torch.nn.utils.clip grad norm_(params_controlnet + params_unet_lora, GRAD_CLIP_NORM)

noisy lat = noise_scheduler.add noise(target_lat, noise, timesteps) optimizer.step()

scheduler.step()

total _loss += float(loss.item())
global step += 1

7ith torch.no_grad():

text_emb = get_text_embeds(class_ids, defect_ids)

if global step % 160 == @:
optimizer.zero_grad(set_to_none=True) 1rl = scheduler.get last_lr()[e]
1r2 = scheduler.get_last_1r()[-1]

ctrl_out = pipe.controlnet( print(f"[step {global_step}] loss={loss.item():.4f} | 1lr_ctrl={1ri:.2e} 1r_unet={1r2:.2e}")
sample=noisy_lat,
if global step % SAVE_STEPS == @:

timestep=timesteps,

save_dir_c = f"{OUTPUT_DIR}/ctrl_lora_step{global_step}"
controlnet_cond=cond, [B,3,512,512] in [-1,1] controlnet.save pretrained(save dir_c)
return_dict=True, # UNet(LorA) AZ

encoder_hidden_states=text_emb,

save_dir_u = f"{OUTPUT_DIR}/unet_lora_ step{global step}"
pred = pipe.unet( pipe.unet.save_pretrained(save_dir_u)
sample-noisy_lat, print(f"[ckpt] saved: {save_dir_c} | {save_dir u}")
timestep=timesteps,
) avg = total_loss / max(1, len(loader))
encoder_hidden_states=text_emb, print(f"Epoch {epoch} finished | avg loss: {avg:.4f}")
down_block_additional_residuals=ctrl_out.down_block res_samples,
mid_block_additional_residual=ctrl_out.mid_block res_sample, I 2
return_dict=True, controlnet.save_pretrained(f"{OUTPUT_DIR}/ctrl_lora_epoch{epoch}")
pipe.unet.save_pretrained(f"{OUTPUT_DIR}/unet_lora_epoch{epoch}")

print(f"[ckpt] epoch {epoch} saved.")




ef load_pipe full(sd_id, controlnet_id, unet lora, ctrl_lora, vae_id, fp16, use_xformers, mode):

torch_dtype = torch.float16 if (fp16 and torch.cuda.is_available()) else torch.float32

base_unet = UNet2DConditionModel.from pretrained(sd id, subfolder="unet”, torch_dtype=torch dtype)
base_controlnet = ControlNetModel.from pretrained(controlnet_id, torch_dtype=torch_dtype)

unet = merge module(base_unet, unet_lora, "UNet™)

controlnet = merge module(base_controlnet, ctrl_lora, “"ControlNet™)

if mode == "inpaint™:

PipeCls = StableDiffusionControlNetInpaintPipeline

mode == "img2img”:
PipeCls = StableDiffusionControlNetImg2ImgPipeline

PipeCls = StableDiffusionControlNetPipeline

kwargs = dict(unet=unet, controlnet=controlnet, torch_dtype=torch_dtype, safety checker=None)

AutoencoderKL.from_pretrained(vae_id, subfolder="vae", torch_dtype=torch_dtype)

PipeCls.from_pretrained(sd_id, vae=vae, **kwargs)

PipeCls.from _pretrained(sd id, **kwargs)

pipe.scheduler = DPMSolverMultistepScheduler.from config(pipe.scheduler.config)
if use_xformers:

: pipe.enable xformers_memory efficient_attention()

pipe.unet.to(memory_ format=torch.channels last)
pipe.controlnet.to(memory_format=torch.channels_last)
pipe.to("cuda” if torch.cuda.is_available() e "cpu”)

irn pipe

for i in range(args.n):

g = gen.manual_seed(args.seed + i)

if use_inpaint:

result = StableDiffusionControlNetInpaintPipeline. call (
pipe,
prompt=args.prompt,
negative_prompt-neg,
image=init_rgb,
mask_image-mask,
control_image=cond_rgb,
num_inference_steps=args.steps,
guidance_scale=args.scale,
strength=float(min(max(args.strength, ©.8), 1.9)),
controlnet_conditioning_scale=args.cscale,
control_guidance_start=args.cstart,
control_guidance_end=args.cend,

generator=g,

result = StableDiffusionControlNetPipeline._ call (
pipe,
prompt=args.prompt,
negative_prompt=neg,
image=cond_rgb,
num_inference_steps=args.steps,
guidance_scale=args.scale,
controlnet_conditioning_scale=args.cscale,
control_guidance_start=args.cstart,
control_guidance_end=args.cend,

generator=g,

out = result.images[0]
fname = f"{i:02d} {base_name} seed{args.seed+i}.png"
out.save(os.path.join(args.out, fname))

print("[saved]”, fname)
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