PR #34004 ZEIRLE

sgl-project/sglang

[diffusion] FLUX.1 fused adaLN modulate (bit-exact) + RoPE cache hoist, LN-affine folding
behind quality=high (H200 e2e -3.5% lossless / -6.9% high)

& et 2026-08-08 13:07

JRXEEHEE: http://prhub.com.cn/sgl-project/sglang/pull/34004

PATHRE

- —A)iE: FLUX.1 B&R%l S RoPE &7, & 3.5%/6.9%

- WESME: EB/EIE, RMOWBEZ A —& bit-exact MAEES—REFEANETN + BER
FEIE FMA W4 + SFEER + torch.compile BINZ&#ERELR, =[#) IEE
elementwise 88gE&; —& quality 2B + mount/unmount X, XESEE #28708 [H
BREONE TR AR TE M FAEEE; =& PR body BIEKMERIERR (HBM pass k.
microbench JARA vs 3RE3REM. md5/PSNR =H#E) , EEREMAE PR 858K, #EiX
I flux.py B9 _flux_modulate / _flux_norm_modulate 5§ modulate_scale_shift.cuh &
modulate_value,

THRES B

FLUX.1 £ H200 L B8R4 97.8% GPU A, FR eager BukEE (& step kernel BYE

13.4%) NE—2DHAEFHLMAES, PR body BiE: "FLUX.1 runs at ~97.8% GPU

busy, so the remaining eager elementwise chains (13.4% of step kernel time) convert

directly into wall-clock." BE4RIK B : adalLN modulate 8 norm(x) * (1 + scale) + shift

step B 114 N3k & (19 A dual block x 4 + 38 AN single block x 1) , A& =A

eager elementwise kernel, E® mul 5§ add Zxt [1, L, 3072] ¥UEW R XK HBM /A
(S1 trace 520 mul 3.09 ms/step + add 3.14 ms/step) ; RoPE &fHFEZENLEAN

attention #E £ 4T torch.cat([cos.float(), sin.float()], -1), 57 JREHN /step. EE

2,850 R, JLFLI=HE—10 tensor, X& #33819 X GEREBAERANE=R, BNEE

BIARARHZRAATRIIRT, EXEREEFRKET,

LI RE

1. RoPE cos/sin &1 (commit 1, lossless) o T flux.py #F3% rope cos_sin_cache()
, B FluxAttention.forward FEXIARABIATH fp32 BHE (torch.cat([cos.float(),
sin.float()], -1)) E#3| FluxTransformer2DModel.forward: &NE"E step RAE—X

(SP X A% F#CER A single-block EHEEIMBEME—1) , W tensor BATELE
attention, FluxAttention I3REZURRLE (cos, sin) TTABERA (RIWEFEE
_rope_cos_sin_cache, BMEH tensor EFEFEE) . & step 57 RBEIMEA 18, FTA
attention JHEMNEBUEE KFNRITEMEE, BHENM lossless,



2. bit-exact B4 modulate (commit 2, lossless) , RZEFHE
python/sglang/kernels/jit/csrc/diffusion/modulate_scale_shift.cuh (+221) , 5
residual_gate_add.cuh B4 vec-8 4T #%& tile &4 (kVec = 16 / sizeof(T)) , H
grid-stride & row-tile 33 gridDim.y (65535) LREGIERS; &l
modulate_value # round(round(x * round(1 + scale)) + shift) & & N, £ eager &
HWEEF fp32-opmath/ & ANF|FMEEEL R, FLEHMMEEL FMA k45, Python H3c#TiE
python/sglang/kernels/ops/diffusion/modulate_scale_shift.py (+95) , cache_once %
dtype 7% JIT #3R, register custom_op JFM diffusion_modulate_scale_shift B E X
EF (& fake_impl it torch.compile I RESR) ;
can_use_modulate_scale_shift_cuda SFE¥RE dtype. Ei&#&. 3D/2D FIRLE. =
gZipE, EZ. D AMERERLKES 16 FRNTT. EEBEAE flux.py (+149/-22) : #3
_flux_modulate GHEHZ—XMEAFF*X FLUX MODULATE_CUDA DISABLED +
torch.compiler.is_compiling() EA#MsERAE O) 5K FE FluxAdaLayerNormZero /
FluxAdalLayerNormZeroSingle (%5 state-dict 5 diffusers XE—%) , B
dual-block B9 norm1/norm1_context 5 single-block #) norm; norm2/norm?2_context
iRt ZE—kZ  flux_norm_modulate B8, Nunchaku X &FHRE, —/ MESTE
AT SFIEY is_contiguous() &S PyTorch Bkid size-1 48y contiguous & X —3K
, EIt emb.chunk(6) =48 [1, D] SLEATLE .contiguous() F MBI AAZ CNR
test_modulate_scale_shift_adaln_chunk views T 1&%) .

3. LN affine #r& (commit 3, quality="high" I'1#%) . #73¥
python/sglang/kernels/ops/diffusion/fused_In_modulate.py (+85) :
mark_fused_In_modulate_site %3k S3TERIAX R B,
mount/unmount_fused_In_modulate J& root.modules() 3#Y3F %, fused In_modulate
2, F.layer_norm(x, weight=(1 + scale).reshape(-1), bias=shift.reshape(-1),
eps=eps) BB kernel 1&; can_fuse In_modulate ZIRAFIEER B==1 2
affine & [D] 4T) . denoising.py B9 _maybe_toggle_quality fusions & batch 3 R¥%
quality == "high" 2 FIFIFTER Mounted fused LN+modulate (affine folding) for
quality=high, %B&423E bit-exact (bf16 #ANFER, max abs diff ~0.05) HK&HMITE
: PR body ¥IET lossless BZ2RELE LN V34 R E——aten LayerNorm AZETE&
Welford B # + count-weighted cuWelfordCombine &3 + £$54 rsqrtf, Triton R E
ZIRFe " (#33819 HFITHHER T WA EE)

4. MEREIEBLE, FIEMANEM CUDA B3I test modulate scale shift.py (FLUX BE&Z
IR [1, L, 3072] + batched + FHEKEH 5 IR x bf16/fp16 B torch.equal LRI
, JEM 1-gpu-large 5§ 4-gpu-b200 BN runner) 5 test fused_In_modulate.py (
assert_close(atol=0.0625, rtol=0.05) E3AMHRA + HFEHMINE B==1 FI1) ., I
lossless £#42 32 5KKEl (main / commit-1 / PR/ final &%) md5 €[ cad50fb5...;
high £ PSNR 35.48-37.95 dB. SSIM 0.9785-0.9916; #4FEWH 45 passed,

KX
« python/sglang/multimodal_gen/runtime/models/dits/flux.py (iR FERISZIY,; K5

source; £ core-logic; &5 _flux_modulate, _flux_norm_modulate,
FluxAdaLayerNormZero, init) : £&3% (+149/-22) : #3E _flux_modulate /

_flux_norm_modulate 4°%.. FluxAdaLayerNormZero{,Single} A&#FEE# diffusers X



2%, norm2/norm2_context A& BEKELES rope_cos_sin_cache &HFEFA; freqs_cisH
BRAMXTHY ’A tensorl T,
python/sglang/kernels/ops/diffusion/modulate_scale_shift.py (3% RZIHE; 35|
infra; & core-logic; &% _jit modulate_scale_shift_module, _fake_impl,
_modulate_scale_shift_custom_op, _aligned) : $FFAZE] Python MiE (+95) : JIT
Mn#Ek. register_custom_op JEMt (& fake_impl fit torch.compile R#ESF) 5
can_use_modulate_scale_shift_cuda 51, =& bit-exact AL,
python/sglang/kernels/jit/csrc/diffusion/modulate_scale_shift.cuh (#3k CUDA WAX;
7 source; E® core-logic; &5 modulate_value,
modulate_scale_shift_vec_kernel, ModulateScaleShiftKernel) : bit-exact AL SZ
B, (+221) : vec-8 1T/ #% tile £5M. grid-stride /T{E¥R. ZEH & AH modulate_value,
Z M EEES BB IE AT 3T S,
python/sglang/kernels/ops/diffusion/fused_In_modulate.py (#3k FFEHMIX; 2EF| infra
; A infrastructure; 5 mark_fused_In_modulate_site, fused_In_modulate_active,
iter_fused_In_modulate_sites, mount_fused_In_modulate) : quality=high 8 LN affine
WwE5HFEHMIN (+85) : mark/mount/unmount/active MHEE can_fuse_In_modulate
By B==1 SF 1, RIB3E bit-exact MR ZLTEF|IERKEI X B H,
python/sglang/multimodal_gen/runtime/pipelines_core/stages/denoising.py (#3k Xug
MEL; 225 source; ZEA! dependency-wiring; 5 _maybe_toggle_quality fusions) :
DenoisingStage By _maybe_toggle quality fusions ¥&in
mount/unmount_fused_In_modulate (+9) , 1 LN $#i&%5 GELU epilogue R4 4 FHA,
# batch R H—#FEK,
. test/registered/kernels/ops/diffusion/test_modulate_scale_shift.py ({3 WS, £
Bl test; KR test-coverage; 5 cuda_setup, _eager,

test_modulate_scale_shift_matches_eager, test_modulate_scale_shift_adaln_chunk_vi
ews) : bit-exact BAKEIMENM (+56) : FLUX ESZHIRE torch.equal fLRMr=.
adalN chunk IR E3ES fp32 45T, M 1-gpu-large 5 4-gpu-b200 X runner,

. test/registered/kernels/ops/diffusion/test_fused_In_modulate.py (&£ WZMR; 5|
test; £ test-coverage; 5 cuda_setup, test fused_In_modulate_matches_referen
ce, test_fused_In_modulate_guards_and_mount_protocol) : LN 3rZB AR A5
BIHBOMIR (+56) : WiE bf16 EANFRER (atol=0.0625) 5 mount/unmount £FZ.
B==1 &1,

KBS _flux_modulate, _flux_norm_modulate, _rope_cos_sin_cache,
FluxAdaLayerNormZero.forward, FluxAdaLayerNormZeroSingle.forward,
modulate_scale_shift_cuda, can_use_modulate_scale_shift_cuda,
_modulate_scale_shift_custom_op, _jit_ modulate_scale_shift_module,
fused_In_modulate, can_fuse_In_modulate, mark_fused_In_modulate_site,
mount_fused_ln_modulate, unmount_fused_In_modulate,
_maybe_toggle_quality_fusions, modulate_value, modulate_scale_shift_vec_kernel

KR BR



python/sglang/multimodal_gen/runtime/models/dits/flux.py

3% (+149/-22) : H¥ flux_modulate / _flux_norm_modulate 4%
FluxAdaLayerNormZero{,Single} A&#thFEEH# diffusers X3, norm2/norm2_context JA#|
BEkiES rope_cos_sin_cache EFEFA; fregs_cis ZEHBEAMRTAYT BA tensorl 7T
4,

# FLUX.1 adaLN modulate B%—42 & A0 :

# + BRiA (lossless) : T affine LayerNorm + bit-exact Ei& modulate, #iH5 eager Ffr—3K;
# + quality="high" B3¢ : # modulate IT&# LN B9 elementwise affine (# kernel, 3E bit-
exact) ,

# HHRRSEER EHNFFXEM, & DenoisingStage #% batch

ARGk, HEABRIAXE (LKA .

_FLUX_MODULATE_CUDA_DISABLED = False

def _flux_modulate(x, scale, shift):
# B CUDA kernel %8 x * (1 + scale[:, None]) + shift[:, None],
# kernel £ eager &#MZERE T fp32-opmath / EANBNGEEEE (bf16/fp16) B FE,
# Et bit-exact (torch.equal 3iE) , IT&E quality 11#2; FRELKEIR eager,
global _FLUX_MODULATE_CUDA_DISABLED

if not _FLUX_MODULATE_CUDA_DISABLED and can_use_modulate_scale_shift_cudal(
X, scale, shift

try:
return modulate_scale_shift_cuda(x, scale, shift)
except Exception as exc:
# mRENEIL#HRER: —BERS I ES# B KA & fast path;
# BANEREBNUHEBR—RERA, Be8 E8EE55 K,
if torch.compiler.is_compiling():
raise
logger.warning_once(f'Disabling FLUX modulate CUDA fast path: {exc}")
_FLUX_MODULATE_CUDA_DISABLED = True

return x * (1 + scale[:, None]) + shift[:, None]

def _flux_norm_modulate(site, norm, x, scale, shift):
# FLUX adalN 35 BZE— A0 : norm(x) * (1 + scale) + shift,
# BRIA = T affine 8 LayerNorm + bit-exact B4 modulate (F#d HBM) ;
# 3EEWAES (quality="high") BZXEAATIARE, KAE kernel B
# F.layer_norm(x, weight=1 + scale, bias=shift) 312 (—# HBM, 3E bit-exact) o
# scale/shift & emb.chunk =48 [1, D] #LER, PyTorch & is_contiguous()
# Bk size-1 4, EWEEEERANAZT I, TLE .contiguous() ¥,
if fused_In_modulate_active(site) and can_fuse_In_modulate(x, scale, shift):
return fused_In_modulate(x, scale, shift, norm.eps)
return _flux_modulate(norm(x), scale, shift)



class FluxAdalLayerNormZero(AdalLayerNormZero):
# diffusers AdaLayerNormZero B9AMT3E: 85 state-dict 5REZE LK,
# X3 modulate BEE| flux_norm_modulate, FEMERIFIEA TIFSBiE S,
def __init_ (self, *args, **kwargs) -> None:
super().__init_ (*args, **kwargs)
mark_fused_In_modulate_site(self) # BRIAXZ], quality="high" B%&E—31E

def forward(self, x, timestep=None, class_labels=None, hidden_dtype=None, emb=None):

if self.emb is not None:
emb = self.emb(timestep, class_labels, hidden_dtype=hidden_dtype)

emb = self.linear(self.silu(emb))

shift_msa, scale_msa, gate_msa, shift_mlp, scale_mlp, gate_mlp = emb.chunk(6, dim=1)
x = _flux_norm_modulate(self, self.norm, x, scale_msa, shift_msa)

return x, gate_msa, shift_mlp, scale_mlp, gate_mlp

python/sglang/kernels/ops/diffusion/modulate_scale_shift.py

FTNAXEY Python M (+95) @ JIT mu#k. register_custom_op ¥ (& fake_impl it
torch.compile IR#ES) 5 can_use_modulate_scale_shift_cuda 51X, & bit-exact B4

A,

# B4 adalLN modulate B Python M3 (33X +95 4T)

# JIT m# CUDA WA + FIRE + BEXEFEIM =M%,

# BEEA: NXEM eager HHNRE T fp32-opmath / £ AIGEEERA R
# (IR fp16/bf16) , ¥H5 eager £& bit-exact, BEAREE quality 1%,

_SUPPORTED_DTYPES = (torch.float16, torch.bfloat16)
_ALIGN_BYTES = 16

@cache_once
def _jit_modulate_scale_shift_module(dtype: torch.dtype) -> Module:
args = make_cpp_args(dtype)
return load_jit(
"diffusion_modulate_scale_shift",
*args,
cuda_files=["diffusion/modulate_scale_shift.cuh"],
cuda_wrappers=|

(

"modulate_scale_shift",
"sglang_modulate_scale_shift::" f"ModulateScaleShiftKernel<{args}>::run",

def fake_impl(x, scale, shift):
# torch.compile TBEXEFREH, fake LMATHR / REHRS
return torch.empty_like(x)



@register_custom_op(
op_name="diffusion_modulate_scale_shift",
mutates_args=[],
fake_impl=_fake_impl,

)

def _modulate_scale_shift_custom_op(x, scale, shift):
out = torch.empty_like(x)
module = _jit_modulate_scale_shift_module(x.dtype)
module.modulate_scale_shift(out, x, scale, shift)
return out

def _aligned(t):
return t.data_ptr() % ALIGN_BYTES ==

def can_use_modulate_scale_shift_cuda(x, scale, shift) -> bool:
# FREXS ARG RTAEITR
#+ RIRE¥HMEE. CUDA. RE&. 3D/2D MR ER, FEE. ELMAN;
#-DAAMERE (16 F% / TwHEA/N) BHE, B=/NEEH 16 FIRT
# « PyTorch By is_contiguous() &Bkit size-1 4, HEM emb.chunk() 4K
# 1, D] MEATEEHANZTLE .contiguous() ¥,
if (
x.dtype not in _SUPPORTED_DTYPES
or scale.dtype = x.dtype
or shift.dtype = x.dtype
or not (x.is_cuda and scale.is_cuda and shift.is_cuda)
or not (x.device == scale.device == shift.device)
or x.dim() I= 3
or scale.dim() 1= 2
or shift.shape != scale.shape
or scale.shape != (x.shape[0], x.shape[-1])
or not (x.is_contiguous() and scale.is_contiguous() and shift.is_contiguous())
or x.numel() ==

return False
vec = _ALIGN_BYTES // x.element_size()
return (
x.shape[-1] % vec == 0 and _aligned(x) and _aligned(scale) and _aligned(shift)

def modulate_scale_shift_cuda(x, scale, shift):
# Fused x * (1 + scale[:, None]) + shift[:, None] (& eager &4 bit-exact)
if not can_use_modulate_scale_shift_cuda(x, scale, shift):
raise RuntimeError("unsupported input for modulate_scale_shift CUDA")
return _modulate_scale_shift_custom_op(x, scale, shift)



TSR A

PR AN review #i8: " —B comment Z1F& BBuf Mtgy Cl sofTeEEE, BEHEE BT E
3 (merged_by: BBuf) . BHXXHI TR 2IIEE PR body BRRBERE: —ZAMF
lossless B&12 R ERES LN J34——"aten's LayerNorm uses per-element Welford updates
(mean + delta * (1.f/new_count)), count-weighted cuWelfordCombine merges, and the
accurate multi-instruction rsgrtf — with the effective FMA-contraction choices baked
into shipped libtorch SASS. Reproducing that bit-for-bit in Triton is a full task with real
failure risk, so the LN fusion ships as the gated affine-folding instead (the fallback the
plan anticipated)”; —&Xt #28708 [ £ BRI EN—L F EER R EZ "the fused
path can move generated images away from the original model behavior’, i quality 2
B (#33453) iLXEIMAMZE L opt-in HAANEHEM: “sites default off, lossless
requests keep the bit-exact reference path’,

- EEmMMEIT IR AR

R fe5 7

« XF&: 1) lossless MARAMAEKBEEITE JIT IEEFE: FEELAKRSEIRELR eager
(E#MARZE) , 18 _FLUX_MODULATE_CUDA_DISABLED HEREE EHBRNKALA
fast path (184 1) , B torch.compiler.is_compiling() BERRE S EEWME, CUDA

graph HEZEFTER. 2) #8 / HRS5ZAFXHREHABRRTTRS, EARMEKH
“‘quality 25 dynamic-batch &4 . # worker batch N quality ¥4 " 8WMEARTE; £X
KT #L, BAE wrong-path BUTRFE, 3) FEBEZAR: B > 1. FEXNTF. IEELMH
EERERE eager (EMERME) ; FLUX.1-dev By embedded guidance 3% 84F
B=1 B gate A%, LM&d®, 4) SP XADH T single-block #) RoPE &7 & HE
EAEIEN, mds BIFFEAEF H200 %Ko 5) high ##EZR (max abs diff
~0.05) EEANH, EIER KM torch JRAET PSNR & EZH LI,

« B X FLUX.1 Z2FF: BRIA (lossless) BA2RMEZFMREMIBIIBIRY 3.5% (
denoise -3.0%) , quality="high" FAFP 48X main lossless &35 -6.9% (denoise -5.9%)
, BBREMRIF PSNR 35+ dB, XA %: #3¥ modulate_scale_shift JIT A5
fused_In_modulate #FHHMIXFANT ERBMME, GLM-Image FRKERTEFEER; CI
MBAEAEM kernel BEMEM, NEPA: 3L T “lossless L& —3K + high #4 opt-in ¥{L"%
WeAEAR (microbench VAR + 3%33% md5 + PSNR/SSIM =#-%&) , E4REmSE PR TR
WiPHE, Fm@ERT diffusion B35 FLUX.1 MR FK, ik SRT BB RZ,

« REEARIT: lossless BB ARBEZITHS JIT A , #RELBHRS (BAFXSHZHESFE)
, B worker batch W quality ¥4 M BIZ , SP XA%H RoPE EHERRZERIM MR , B>1
MEEKERE eager

KRR EE

« PR #33819 [diffusion] FLUX.1 bit-exact residual-gate fast path + tanh-GELU epilogue
behind quality=high (H200 e2e -1.1% lossless / -4.3% high): 4~ PR B9 EERIE (FE/E
Z. F— mount X5 KN harness) , & PR BE—FEREANE =K, residual-gate



B R AL GELU epilogue MIRME R WHAT

« PR #33536 [diffusion] Fuse DiT FFN tanh-GELU into up-proj GEMM (cublasLt
epilogue) behind quality=high (Qwen-Image 102472 denoise 12.36 -> 12.05 s on
H200): quality=high #E# X (DenoisingStage mount/unmount) 5 cublasLt GELU
epilogue HLEIEOIRL, A& PR B LN affine I1& 5 AR —ER,

« PR #33451 [diffusion] FLUX.2 VAE decoder fast path behind quality=high (H200:
102472 97.6->29.2 ms, 204872 437.2->168.5 ms): quality [J#=E diffusion BRRH9 %
—/ANRA (FLUX.2 VAE f#a1kEE12) , R #33453 KB A,

« PR #34008 [diffusion] GLM-Image bit-exact fused aten LayerNorm+modulate / gk-LN
(H200 30-step denoise -8.1%): RI#AFHA4TH) GLM-Image bit-exact B&&
LayerNorm+modulate, 574~ PR #B% adalLN §Emt& B mim C B AN (EREA aten
kernel vs B Z X CUDA W) o



