PR #30915 BEIRLE

sgl-project/sglang
[Feature] Megatron LayerNorm sequence parallelism (—enable-layernorm-sp)
&3utiE: 2026-09-01 10:27

JRSCEERE: http://prhub.com.cn/sgl-project/sglang/pull/30915

PATHRE

« —4]iE: LayerNorm FH|FH4T: prefill BIENHFEE LR N [E

- WESE: EEKIE, LEH=ZARITAREK: (1) CUDA graph THIKXAE AH Python #r
AT EARET T #A3X — BB IR B S runs_sp A % (2) LayerCommunicator #i&4
SCATTERED sibling BEFHER, BAEESMERBITA; (3) fused matmul+collective
BT O 5 %38 collective fallback K, IS B torch ARSI, HE LM
EEAFR545. BiERMEESHEEEESENE

THRES B

KETX prefill BERFSERMFIKELMEK, PR body f8di, 48 TP T
row-parallel B all_reduce R#EEZFMT reduce_scatter + all_gather, AKX F51EEFE
FH——3IFFFE LayerNorm/residual REAE 1/tp B token LitE, BEREALECENGFE X TESM
WEFR, RITEAREAA off by default and byte-identical when off, # %A FH
;S 2xH100 £ GSM8K 0.904 vs 0.906 (fp EHEeE) , prefill 0.28173s — 0.27180s

(-3.5%) ; 2xB200 k£ 0.14388s — 0.13589s (-5.6%) ; F#i 8xH100 (Qwen3-32B.
32K) WRAA -16.5% FER. -27.7% BERNF.

TR

1. 338 SP BWAE3R python/sglang/srt/layers/layernorm_sp.py (+245 4T) : &9 & A
% # SP_SUPPORTED_ARCHITECTURES (%#({X Qwen3ForCausalLM) .
initialize_layernorm_sp (@ WG worker #1t flags.sp.enabled) . R
collective sp_entry scatter / sp_exit_gather. HOH|E maybe_exit gather, URETF
torch symmetric memory B fused matmul+collective #RE{Z
column_parallel_g matmul / row_parallel_gbar matmul (#3¥&3&E collective E3R) , %
#i%1t: runs_sp(forward_mode) RAREBELE S forward R, Ffit CUDA graph ##HEKX
BIMER; _SPForwardState.num_tokens R ZBIEMEMMIE ForwardFlags BEAE, #e
torch.compile &/ 7| K E & # Hi%.

2. AR RPITEERR: layers/communicator.py By LayerCommunicator & SP & Ay
— /N4 SCATTERED B _sp_variant sibling, 37 prepare_attn #F &4 decoder layer

(residual is None) #|ZE EXTEND B A sp_active. HUTA D scatter, Bi/E
prepare_attn / prepare_mlp / postprocess_layer £¥REFE4 sibling, £ norm/residual
EAM shard EiHE. Rab&FSN collective; layers/linear.py 8 ColumnParallellinear



5 RowParallelLinear ¥ sp_active B tp_size > 1 B4 B3# AN g (all-gather+matmul)
5 g-bar (matmul+reduce-scatter) 43 ; layers/logits_processor.py ¥ LM head Z &
2 o bor {matmulareduce scater) Ak |oyers/oais processor.py & i nead 2
BNBIREE CUDA graph EIREASE LT,

3. BATHPRASE B E A D runtime_context.py ¥3¥¢ SpFlags (3% Flags B8TF) 5§
ForwardFlags.sp_active 1, #iBEMA _GRAPH_VISIBLE fRiE Bl 3REA 1B 214 B 7135 ;
server_args.py #¥¥ —enable-layernorm-sp (parallel ¥p4 %208]) ;
distributed/bootstrap.py & initialize_dp_attention 233 A initialize_layernorm_sp,

4. BEERE: $3 arg_groups/layernorm_sp_hook.py 353 MtstaRTEE (pipeline.py)
validate_layernorm_sp fRORIEH: B HBIMNEM. tp_size <= 1. -—enable-dp-attention.
AR, BABERIIE: X EXTEND A£3K; fused REAZRERKREIN. T bias B9
bf16/fp16 &MEE, TNEEREFE collective,

5. MERBLE: CPU BN test/registered/unit/layers/test_layernorm_sp.py (B,
prefill-only. TEIARLE. runs_sp ZEB& sp active BIEIYI, sp_active EMEE) ; e2e
test/registered/models_e2e/test_layernorm_sp.py X Qwen3-8B + —-tp 2
——enable-layernorm-sp #5 GSM8K (F{& 0.85) , XBIFM A CPU 5 2-gpu-large CI Fft
B

KB

- python/sglang/srt/layers/layernorm_sp.py ({3k F5|34T; 25 source; £R

core-logic; 5 initialize_layernorm_sp, layernorm_sp_enabled, runs_sp,
_SPForwardState) : #3¥ SP # o fEk: AL B, BRHAZE. entry/exit collective.
fused matmul REEZEIEF T, & models ERNBREIIKE,

« python/sglang/srt/arg_groups/layernorm_sp_hook.py (#3k BELEKI; 2£%8| source; 3£
# configuration; &5 handle_layernorm_sp, validate_layernorm_sp) : BEhEAREE
hook: TERBATEIEHIEL AN X IFMEEM. tp_size<=1. dp-attention SIRHAER, (FIEFFH
ABE fail loud,

« python/sglang/srt/layers/communicator.py (#£ir BE#EfE; 25| source; £ core-logic)
: LayerCommunicator #3¢ sp_variant & SCATTERED sibling %%t prepare_attn /
prepare_mlp / postprocess_layer, & SP XIXEARR B ATIEHIEA,

« python/sglang/srt/layers/linear.py (#£3k &ME; 25| source; EH
dependency-wiring) : Row / ColumnParallelLinear & sp_active RNE&1%55 g / g-bar,
T EEBRBERE EZRAMRE, BEEEANERIKE,

« python/sglang/srt/runtime_context.py (3R sBTERPIRZA; 2£5] source; EA core-logic
: 55 SpFlags) : ¥ SpFlags 5§ ForwardFlags.sp_active & (& _GRAPH_VISIBLE
JEM) , & SP mATHRRSHEA,

- python/sglang/srt/layers/logits_processor.py (#&3k ¥idisk; 7| source; £H
dependency-wiring) : LM head BI# exit gather AL, AR maybe_exit_gather #4
F5a, BELX,

« python/sglang/srt/server_args.py ({23 SHEE; K7 source; E£R configuration) :
3 —enable-layernorm-sp AP AT £3K (parallel 88 %= 18]) , EINEERTIMT X,



« python/sglang/srt/distributed/bootstrap.py (##3ir A XEsh; LB source; £R
entrypoint) : 2 XANEILERA initialize_layernorm_sp, #1t flags.sp.enabled, 5
initialize_dp_attention #%,

« python/sglang/srt/arg_groups/pipeline.py ({3 BT %; 2% source; EH
entrypoint) : 38 layernorm_sp_hook SEM AT EE, FERILEA resolution pipeline
B —ER %

. test/registered/unit/layers/test_layernorm_sp.py ({3 BMHR; HKF test; XA
test-coverage; 5 _initialize, TestLayerNormSPGating, tearDown,
test_initialize_enables_only_for_allowlisted_arch) : CPU BB Z AL E. prefill-only.
WA EES CUDA graph #8%<EY3, #{%k runs_sp 3&Xo

. test/registered/models_e2e/test_layernorm_sp.py ({E3k 3sZssMR; 25 test; HR

Va=]

test-coverage; 5 TestLayerNormSPAccuracy, setUpClass, tearDownClass) : e2e
KR : Qwen3-8B tp=2 GSM8K H{E 0.85, FIE SP REIEA M,

XS initialize_layernorm_sp, layernorm_sp_enabled, runs_sp, set_sp_num_tokens,
sp_num_tokens, sp_entry_scatter, sp_exit_gather, maybe_exit gather,
sp_fused_matmul_eligible, column_parallel_g_matmul, row_parallel_gbar_matmul,
handle_layernorm_sp, validate_layernorm_sp

KR Fr B]

python/sglang/srt/layers/layernorm_sp.py

3 SP AZWEEIR: B E,. BHAYIZE. entry/exit collective. fused matmul (REREI;LEF
Fib, 2 models BEER NN X,

# Megatron R#& LayerNorm %34T (arXivi2205.05198) MRS5S,

#SP RYABBEEMER; MEERAN, BEEERREY BX—/THMEGRI,
SP_SUPPORTED_ARCHITECTURES = frozenset({'Qwen3ForCausalLM'})

def runs_sp(forward_mode) -> bool:
" HWTAOR forward BFIEAT SP: A B A BXR prefill (EXTEND)

CUDA graph #3RKRZ MR AMAE, FEEIL ~“sp_active” ——
WIRXIHA Python B NI graph replay BERESEHAT, flag ZiTHAM,

from sglang.srt.model_executor.forward_batch_info import ForwardMode
return layernorm_sp_enabled() and forward_mode == ForwardMode.EXTEND
class _SPForwardState:

"RBF LR SP forward BESZ (R padding) token ¥

RERASEAIBMEMmIE ForwardFlags B#UME: Z{E torch.compile 3B ERHY
SMEREAILE, dynamo XEMEIR int # automatic-dynamic %38,



i dict #& int RFEFFIKEARL EH HRF.

num_tokens: int = 0

def sp_entry_scatter(hidden_states: torch.Tensor) -> torch.Tensor:
"I E B M, h] hidden states 3B token 414

M 4 pad F| tp_size B#fE, padding ITHEBOMER; AL TP group K
& rank A TEEIKR, FFXBEREZAMY N, TERRE,
num_tokens = hidden_states.shape0]
set_sp_num_tokens(num_tokens) # iC & B token ¥k, it g MK
tp_group = get_tp_group()
tp_size = tp_group.world_size
if tp_size ==

return hidden_states
padded = ceil_align(num_tokens, tp_size)
if padded != num_tokens:

hidden_states = torch.nn.functional.pad(

hidden_states, (0, 0, 0, padded - num_tokens)
)

return hidden_states.tensor_split(tp_size)[tp_group.rank_in_group].contiguous()

def sp_exit_gather(hidden_states: torch.Tensor, num_tokens: int) -> torch.Tensor:
""'g: 3& dim 0 all-gather & rank 8 shard, & narrow ®|E5Z token %k, '
tp_group = get_tp_group()
tp_size = tp_group.world_size
if tp_size ==
return hidden_states[:num_tokens]
output = hidden_states.new_empty(
(hidden_states.shape[0] * tp_size, *hidden_states.shape[1:])
)
tp_group.all_gather_into_tensor(output, hidden_states.contiguous())
return output[:num_tokens]

def maybe_exit_gather(*, hidden_states, hidden_states_before_norm, input_ids, forward_mode):
""'LM head Z B4 sequence sharding # B SP X,

token ¥ERHE input_ids. ¥|IZH runs_sp, fA=ZiE sp_active: CUDA graph
EHEERRNEAFRSERIT, i flag 2IF 5|0 H 8 hidden states
"B25 LM head &R IR .
if not runs_sp(forward_mode) or input_ids is None:
return hidden_states, hidden_states_before_norm
num_tokens = input_ids.shape[0]



hidden_states = sp_exit_gather(hidden_states, num_tokens=num_tokens)
if hidden_states_before_norm is not None:
hidden_states_before_norm = sp_exit_gather(
hidden_states_before_norm, num_tokens=num_tokens
)
get_forward().set('sp_active', False)
return hidden_states, hidden_states_before_norm

python/sglang/srt/layers/communicator.py

LayerCommunicator #3¢ sp_variant & SCATTERED sibling %%t prepare_attn /
prepare_mlp / postprocess_layer, =& SP [X3IXfEARR 2 NE A,

class LayerCommunicator:
def __init_ (self, ..., _is_sp_variant: bool = False):
# SP B AR, norm/residual P3| shard EBfTEREE collective,
# HibkgsE— /4 SCATTERED # sibling s BHEHALY;
# _is_sp_variant FF1k sibling #)3BE—E.
self._sp_variant: Optional[LayerCommunicator] = None
if not _is_sp_variant and layernorm_sp.layernorm_sp_enabled():
self._sp_variant = LayerCommunicator(
layer_scatter_modes=LayerScatterModes(
layer_input_mode=ScatterMode.SCATTERED,
attn_mode=ScatterMode . SCATTERED,
mlp_mode=ScatterMode.SCATTERED,
middle_residual_mode=ScatterMode . SCATTERED,
layer_output_mode=ScatterMode . SCATTERED,
),
input_layernorm=input_layernorm,
post_attention_layernorm=post_attention_layernorm,
allow_reduce_scatter=allow_reduce_scatter,
is_last_layer=is_last_layer,
gkv_latent_func=gkv_latent_func,
force_layernorm_before_dp_gather=force_layernorm_before_dp_gather,
enable_fused_ar_quant=enable_fused_ar_guant,
fused_ar_quant_keep_bf16=fused_ar_quant_keep_bf16,
_is_sp_variant=True,

def prepare_attn(self, hidden_states, residual, forward_batch, ...):
# residual 7 None #RiCE /N decoder layer, SP XiA&ENITH;
# B forward FEHFHIE, ERFRAFIERSHRET—5,
if self._sp_variant is not None:
if residual is None:
get_forward().set(
'sp_active', forward_batch.forward_mode == ForwardMode.EXTEND
)
if get_forward().sp_active:
# A0 scatter: WE&EFFIN token FKEZAK rank B9 1/tp 2 F -

hidden_states = layernorm_sp.sp_entry_scatter(hidden_states)



if get forward().sp_active:
# 454 SCATTERED sibling: norm/residual ZEAH# shard £
#ITE, TAhEAALT gather/scatter collective,
return self._sp_variant.prepare_attn(
hidden_states, residual, forward_batch, quant_format, post_residual_addition
)
# 3E SP: JRA input_scattered ¥|E5 norm ZBELKLEHIT,

python/sglang/srt/layers/linear.py

Row / ColumnParallelLinear & sp_active BB 155 g/ g-bar, TEEER N EZR R
it, BEERANERNXE,

class ColumnParallelLinear(LinearBase):
def forward(self, input_):
bias = self.bias if not self.skip_bias_add else None

# Megatron SP #) g: BIAZAX rank B [M_pad/tp, K] 3o FH,

# 46 all-gather BREFH|HE matmul, 258 (gkv / gate_up) B

# gather_output=False, EZHHHEM all-gather FELIE,

if get_forward().sp_active and self.tp_size > 1:
output = layernorm_sp.column_parallel_g_matmul(self, input_, bias)
output_bias = self.bias if self.skip_bias_add else None
return output, output_bias

# 3E SP ELERRIZ: BAAA R matmul + Tik#E all-gather,
output_parallel = self.quant_method.apply(self, input_, bias)
if self.gather_output:

output = tensor_model_parallel_all_gather(output_parallel)
else:

output = output_parallel
output_bias = self.bias if self.skip_bias_add else None
return output, output_bias

class RowParallelLinear(LinearBase):
def forward(self, input_, skip_all_reduce=False, ...):
# bias R rank 0 &5 GEMM, #% TP>1 R ESL R,
bias_ = None if (self.tp_rank > 0 or self.skip_bias_add) else self.bias

# Megatron SP #] g-bar: & token % reduce-scatter A all-reduce,
# B REFL AT —EB SP LayerNorm £/, o_proj / down #j
# reduce_results=False, HEt SP THE&ME B C&EITA,
if (
get_forward().sp_active
and self.tp_size > 1
and not skip_all_reduce
and output_tensor is None

output = layernorm_sp.row_parallel_gbar_matmul(self, input_parallel, bias_)



output_bias = self.bias if self.skip_bias_add else None
return output, output_bias

# 3 SP %42 JR reduce / all-reduce ZBIEHKLLIIT,

i A 4
review B R & PELEMIRSK. EABBEINREE:

« SP ##BUKSK: Fridge003 &3k "Can we open a single file for layernorm_sp, and put
all the related classes/util functions there... The dp_attention.py file shouldn't be
modified"; MartinHua B & "Everything SP now lives in layernorm_sp.py...
dp_attention.py is fully reverted — zero changes",

- BAREZ N "ldeally there should be no change in files under
python/sglang/srt/models"——& 4 3#3¢ LayerCommunicator £ + &M E B35 55
M, models/ TEKz), MEBMBRARE allowlist —{THEEMIIE,

« MERER: "Please add a unit test and an e2e test for layernorm sp". "Please make it
a cpu test". "Please use Qwen3-8B, and 0.85 as gsm8k score threshold"——2 2R3
. B g e, e2e 4 67 B,

« RICLE : "Please create a layernorm_sp_hook under args_group, and move the
validation there. The validation should be a part of _run_resolution_pipeline"——#73&
arg_groups/layernorm_sp_hook.py, FEIRIESIE B BHEA fail louds

« URE5EFE: "This function looks redundant" / "This function is also redundant. We
can use inline get_forward().sp_active instead"——enabled 3 A SpFlags; runs_sp &
BT test_runs_sp_ignores_the_active_flag EIMIRELE X (CUDA graph
replay T flag 328#R) ; Al SEBHZREREE,

« BAKBN: "Don't change this file" (benchmark/one_batch.py) —BEIR,

« SP ZHBIUKSKFB I 4Bk layernorm_sp.py (design): %% SP B4 (A&#E. RE.
sp_active tr&. entry/exit collective. fused g/g-bar helper) &9 &
layers/layernorm_sp.py, dp_attention.py TAERIZEE,

- ARG TR NAEM (design): models/ TEKsh; IR BARE allowlist —1TANEE{F
IE, REREMHTEEF fail loud,

o BIENMER S 3B 5NRELE (testing): &3 CPU #5 2-gpu-large e2e (Qwen3-8B.
tp=2. GSM8K HE 0.85) , FHEMEt CI (stage base-a / base-b) ,

- REFEH N arg_groups FENTEIE (design): # arg_groups/layernorm_sp_hook.py
, RIEBEEMALE, tp_size. dp-attention. FRAUARRL AR,

« URREE Al JTBEIE (style): enabled 3 A runtime_context.SpFlags; runs_sp &
B test_runs_sp_ignores_the_active_flag EIVARHE]; SEEREE.

« ¥ benchmark/one_batch.py F# k5 (other): X4 RATFETELE S,

R 5 B0
. RS



1. CUDA graph JRES—EKME: sp_active EIREXAS A, ERESIHEE, B runs_sp #
BWHAEEYVDNRELE: (B _SPForwardState.num_tokens ZMEIRF AT LE|, #&
forward TR B HER Y, TTHEIEE—3 token FOMIRE| T — forward (REERE
forward EEZEZNR)

2. 1R% torch NER API: fused RE&E/ZIFM torch.ops.symm_mem.fused_matmul_reduc
e_scatter / fused_all_gather_matmul, torch F4& R X LR ERFTES; AHEN
+fallback £&#&, 18 fallback %%k B200 R FEEIKE,

3. BESBEE: AL E(X Qwen3ForCausalLM, e2e REE Qwen3-8B / tp=2; padding
EXTF. E K TP, B200 fused path BYIERM E BIKBF NI,

4. NVLink BTER3&H|: PR body BAiL "NVLink/NVSwitch is required in practice but
not yet enforced", JE NVLink F3EF /2wl e LUk 35 H E k25,

5. BRIABZRZ /N BRIAXIF B2 X d# sp_active 11#8, LBRAFP LITAZT,; XRRE
T, -®W: APM: BRAxXE, TAEZWN; FREXE™™ Qwen3 dense +
tp>1 B prefill, KETXKZEE BERRRE 27.7% @ 8xH100) , HELEIT, &
ZM: BooPUTEEIZR (linear / communicator / logits_processor) #13¢ SP 4%, 128
sp_active 1132, BRIABZITEFHEILFAZT, BN ZL T o B SP H#EARIR
— R RERE allowlist —4T + BAIAE; PR body BA|H B300. DP-attention
RN SP. #ZAUAERD. chunked/split prefill £ A |, - NFEArie: CUDA graph #r
HITHAREE |, 1&KH torch WEE symm_mem API, {X Qwen3 B4 % , NVLink BIE k38|
, B BARSHR

RERIREE

« PR #36933 [2/N][Mixed] Mixed chunk prefill with spec enabled: R AIRE / A E&IREK
#: SP 19 prefill-only #|EZTF forward_mode == EXTEND, mixed chunk prefill 7 &7
forward #RAEE, —FHE runs_sp HlES EXTEND EX L HEERERE, EEG4EET
93,



