PR #46340 ZEIRLE

vlim-project/vlim
[Kernel] TD operand loads for batched MoE GEMM (moe_mmk) on XPU
&3FutiE]: 2026-07-26 08:50

JRSCEESE: http://prhub.com.cn/viim-project/vlim/pull/46340

HATHREZE

« —4]iE: XPU batched MoE GEMM #7138 TD /&2, EP BREHEE

< WEDE: ESREIER SEHAXT=AEIT: TD 5 masked load BIMEREZE FHLE K gate 4
R, ZAFRNLFEMHZ (all-or-none K#E) ; [mEAL dispatch/combine & per-expert

BRI E, BWNEFINFLLE #45781 (B—TFK) BEAK PR, FHRBE #46871 A
G EP SRERISE; FEEANEEBMEALN TD MR,

THRES B

PR body #§i: XPU LI tl.load "R% tl.dot R4 Xe XMX =g P2, KA
tl.make_tensor_descriptor IERFAMEEER TR EZEER, 5 non-TD B&42 bit-identical,
% batched kernel & low-latency Expert-Parallel dispatch SZFrE RN (batched
activation format A [E_local, max_tokens, K]) , HIZB|FRIMELME EP R THE, M
FEEH GPU fused MoE *ttb; PR RIBTER T AT review RAR——IEFXTELZ batched
EP B&42_E TD on vs off,

LI AE

1. REE TD B&42: vlim/model_executor/layers/fused_moe/experts/fused_batched_moe.
py F 8 moe_mmk ¥3¥¢ a_base_ptr. b_base_ptr. M. N. stride_am. stride_bn 5
USE_TD £%k; USE_TD AEBA tl.make_tensor_descriptor #33& A[M,K] 5 BIN,K] #
REF, K EFRRKA a_desc.load / tl.trans(b_desc.load) B3k, R4 mask B tl.load,
expert_triton_kernel 5 batched_triton_kernel fifti&EfE&at. HkFn USE_TD., launch
Ml invoke_moe_batched_triton_kernel IT& use td: EX&F/F xR, B A/B X% K
4. Kxelement_size 16 FH 5. BLOCK_M/N/K ¥R 2 t4%; w2 RHAH
set_triton_allocator #1& XN USE_TD=True, JRE: TD fnikaEiL XPU RE Xe XMX =4
PRIEERIZ, FERMEFHE bit-exact; XA RE B make_tensor_descriptor 3k K
stride A 1 BRIRT T,

2. %—FF & FIE viim/triton_utils/tensor_descriptor.py, 1Mt use_tensor_descriptor()
=AZHE ——VLLM_TRITON_USE_TD RiZBHR B3I (L81{X XPU /@) , BRX 1/0 &l
FR / XH; FHFE viim/triton_utils/__init__.py S, & XML T MoE EimitF, KX
HAh Triton AT ER (TR review F“TD # AR all-or-none”BR%K)

3. EHR 5 MOER S viim/config/kernel.py B8] MoEBackend F @& #3% batched_triton
; vlim/model_executor/layers/fused_moe/oracle/unquantized.py #



map_unquantized_backend & H BETE]| UnquantizedMoeBackend . BATCHED_TRITON,
F1E select_unquantized_moe_backend FI8i% 5 3% 3R %113 3] BatchedExperts BUEH&
N; all2all_utils.py 8 maybe_make_prepare_finalize 7 current_platform.is_xpu()
andmoe.moe_backend == "batched_triton" B3R [E BatchedPrepareAndFinalize (JG
all-to-all WARMELR) , AP RE —-moe-backend batched_triton, TEMFERIFELE,

4. mEAL dispatch/combine: prepare_finalize/batched.py #
BatchedPrepareAndFinalize.prepare ¥R EM A XA [E_local, T] €L + cumsum
—RE H & expert By token %5 slot #E XN b_al, &HRZE expert fE¥F;
topk_weight_and_reduce.py B TopKWeightAndReduceNaiveBatched.apply Fi48[E#rG
+ index_add_ #UinAX scatter-add, BH#Y: A per-expert fEERH K Z R kernel
launch &§ CPU-GPU El#, &5 TD ABEE; ENDXHAER expert fB3F (AFEZR
token E1t) o

5. P& #EE5MREE: ¥ is_capturing_or_compiling() %&—
torch.compiler.is_compiling() 5 cudagraph &FIRHIkr (XPU B torch % &
is_current_stream_capturing) , &#t apply 5§ batched_moe_kernel_quantize_input &
BBk ; BatchedTritonExperts._supports_current_device #&FF XPU, iR,
tests/kernels/moe/test_batched_moe.py #3¥¢ td_supported / _run_td 3Bh5 6 /NAGI
: TD vs plain bit-exact (3 AIR) . & expert token. RERA. #H3|3SESLZIAT L.
Ja SmRat,

R

« vlim/model_executor/layers/fused_moe/experts/fused_batched_moe.py (3 MoE W%
: 25| source; M core-logic; &5 moe_mmk, expert_triton_kernel,
batched_triton_kernel, invoke_moe_batched_triton_kernel) : ZOHAZZE E :
moe_mmk F¥¢ TD #AEF IS X, batched_triton_kernel / expert_triton_kernel /
invoke_moe_batched_triton_kernel B8t USE_TD {13#%, 33| A\ XPU &4
_is_capturing_or_compiling().

. tests/kernels/moe/test_batched_moe.py (#3k MoE MR ; 27 test; £A
test-coverage; 5 _td_supported, run_td, test_batched_mm_td_matches_plain,
test_batched_mm_td_zero_expert_tokens) : MREE: #3E TD vs plain bit-exact Xttb.
F expert token 32, FERBA. WmIRSELIE EimmsNR, & TD EHMENEE
R,

« vlim/triton_utils/tensor_descriptor.py (#3k TD FF3&; 35| source; & core-logic; &F
5 use_tensor_descriptor) : ¥IELE—=7% TD FF% use_tensor_descriptor(), XPU B3z}
F /2. CUDA sm90+ T opt-in, B2 REEHEZHNZ,

« vlim/model_executor/layers/fused_moe/prepare_finalize/batched.py (it 4IkEFHF;
%5 source; A performance; 5 BatchedPrepareAndFinalize.prepare) :
BatchedPrepareAndFinalize.prepare REMEEZ R E dispatch, —XPESERK expert 4

F5 slot 2'BC, BE TD WA launch .

« vlim/model_executor/layers/fused_moe/topk_weight_and_reduce.py ({3t RXEY)3IZ); 3£
% source; ER performance; 5 TopKWeightAndReduceNaiveBatched.apply) :
TopKWeightAndReduceNaiveBatched.apply [@E4t weighted scatter-add, 5 prepare



B Z2MXEFR, BAK combine FFHH.

« vllm/model_executor/layers/fused_moe/all2all_utils.py (3R Fi#E&dH; K5 source;
2K A core-logic; 45 maybe_make_prepare_finalize) : maybe_make_prepare_finalize
ZE XPU + batched_triton B3R [El BatchedPrepareAndFinalize, 3T opt-in J&imikiF&13,

« vllm/model_executor/layers/fused_moe/oracle/unquantized.py (iR J5igkat; 2551
source; A& core-logic; fF5 map_unquantized_backend,
select_unquantized_moe_backend) : map_unquantized_backend 5
select_unquantized_moe_backend #i3& batched_triton BistS BatchedExperts B5EH
NEHE,

« vlim/config/kernel.py (13t NZBELE; 25| config; EA configuration; &F5
MoEBackend) : MoEBackend FEE#3E batched_triton &M & X4, AP AH,

« vlim/triton_utils/__init__.py (3 THESH; 35| source; EH dependency-wiring) :
24 use_tensor_descriptor, ERZEBRS IR L —EIH TD F X,

XEEFE: use_tensor_descriptor, _is_capturing_or_compiling, moe_mmk,
expert_triton_kernel, batched_triton_kernel, invoke_moe_batched_triton_kernel,
BatchedTritonExperts._supports_current_device, BatchedPrepareAndFinalize.prepare,
TopKWeightAndReduceNaiveBatched.apply, maybe_make_prepare_finalize,
map_unquantized_backend, select_unquantized_moe_backend

KBRAL B EX
viim/model_executor/layers/fused_moe/experts/fused_batched_moe.py

AN EE: moe_mmk H13E TD #FHIEL ML %X, batched_triton_kernel /
expert_triton_kernel / invoke_moe_batched_triton_kernel &8 USE_TD ]#&, #3IA
XPU &4£8) _is_capturing_or_compiling().

# moe_mmk: batched MoE expert GEMM B4 46 [ e N A% o
# USE_TD F/art2kF Tensor Descriptor nk A/B, XPU LT[R E Xe XMX
# 2D BB 2R, M5 masked tl.load B42 bit-exact,
@triton.jit
def moe_mmk(
a_ptrs, b_ptrs, K, expert_id, a_scale_ptr, b_scale_ptr,
stride_ak, stride_bk, stride_ase, stride_asm, stride_ask,
stride_bse, stride_bsk, stride_bsn, offs_m, offs_n, offs_bn, mask_m,
group_n, group_k, BLOCK_M, BLOCK_N, BLOCK_K, compute_type,
use_w8a8, use_w8alb, per_act_token_quant,
# TD B&12: a_base_ptr / b_base_ptr & expert 5§ CTA 1R#ZEH A[M,K] / B[N,K] Fat
a_base_ptr=None,
b_base_ptr=None,
M=0,
N=0,
stride_am: tl.int64 = 0,
stride_bn: tl.int64 = 0,
USE_TD: tl.constexpr = False,



offs_k = tl.arange(0, BLOCK_K)

if USE_TD:
# make_tensor_descriptor ER&EE—MNEE (K) 8 stride ZRmiIFHAFE 1,
# launch MIBY use_td R7E A/B K 3ELREfL,
a_desc = tl.make_tensor_descriptor(
da_base_ptr,
shape=[M, K],
strides=[stride_am, 1],
block_shape=[BLOCK_M, BLOCK_K],
)
b_desc = tl.make_tensor_descriptor(
b_base_ptr,
shape=[N, K],
strides=[stride_bn, 1],
block_shape=[BLOCK_N, BLOCK_K],

accumulator = tl.zeros((BLOCK_M, BLOCK_N), dtype=tl.float32)
for k in range(0, tl.cdiv(K, BLOCK_K)):
if USE_TD:
# B AN [N, K], BRI tile & [BLOCK_N, BLOCK K], E#EFE"8% dot
a = a_desc.load([0, k * BLOCK_K])
b = tl.trans(b_desc.load([0, k * BLOCK_K]))

else:
# JRAAERIZ . # mask B tl.load, XPU k&%t XMX 2D riE
a = tl.load(
a_ptrs,
mask=mask_m[:, None] & (offs_k[None, :] < K - k * BLOCK_K),
other=0.0,

)
b = tl.load(b_ptrs, mask=offs_k[:, None] < K - k * BLOCK_K, other=0.0)
# BbaX (w8a8/w8al6) HE: TD REXE#BEIRMEA R,
#EBEME scale BEMAZRATLE— K.
accumulator += tl.dot(a, b)
a_ptrs += BLOCK_K * stride_ak
b_ptrs += BLOCK_K * stride_bk

# launch RERERA TD: 2/ % + REGAREAR,
# A/B 5 K 34 (stride == 1) , K £ 16 FH x5, BLOCK ¥4 2 9%,
use_td = (

use_tensor_descriptor()

and A.stride(2) ==

and B.stride(2) ==

and (K * A.element_size()) % 16 == 0
and (BLOCK_M & (BLOCK_M - 1)) ==

and (BLOCK_N & (BLOCK_N - 1)) ==

and (BLOCK_K & (BLOCK_K - 1)) == 0



if use_td:
# TD EEAYEH Triton FEE T I/E
set_triton_allocator(A.device)
batched_triton_kernel[grid](..., USE_TD=use_td)

vlim/triton_utils/tensor_descriptor.py

¥r¥E—=7 TD FF% use_tensor_descriptor(), XPU BztFB. CUDA sm90+ ¥ opt-in,
E2REREMEZHNZES,

def use_tensor_descriptor(override: bool | None = None) -> bool:
""=2Z% VLLM_TRITON_USE_TD: xi%E = Ba) (XPU FR2) , 1/0 = ®&HIFX, """
from vlim import envs
from vlim.platforms import current_platform

if override is None:
override = envs.VLLM_TRITON_USE_TD
if override is not None:
return override
# BRIAKRE: XPU £ TD BI&RE XMX BRANXE, BmFRE;
# CUDA Lfr#¥FXiE, AP ER opt-in (smd0+ T HIKE)

return current_platform.is_xpu()

viim/model_executor/layers/fused_moe/prepare_finalize/batched.py

BatchedPrepareAndFinalize.prepare kR EMHEIZMEM dispatch, — XM expert 4p
5 slot g, BE TD WK launch FFH,

# BatchedPrepareAndFinalize.prepare Bk EMERIZ: M EAL dispatch,
# —XkH#& [E_local, T] hit mask, #HA cumsum HEEA token EFB
# expert #ILINEY slot, EEH per-expert Python fEFREIZ R kernel launch,
if quant_config.quant_dtype is None:
local_ids = torch.arange(first_expert, last_expert, device=al.device).view(-1, 1, 1)
# hits A [E_local, T], B3 token ZE 4 FAM expert
hits = (topk_ids.unsqueeze(0) == local_ids).any(dim=2) # [E_local, T]
tokens_per_expert[:num_local_experts] = hits.sum(dim=1).to(torch.int32)
# slot &3 token 7 expert #HLA B RLE)IRF
slots = hits.to(torch.int32).cumsum(dim=1) - 1 # [E_local, T]
e_idx, t_idx = hits.nonzero(as_tuple=True)
b_alle_idx, slots[e_idx, t_idx]] = a1[t_idx].to(b_type)
else:
# ENERAREE expert IR (FEF token E45 scale EA)
for expert_id in range(first_expert, last_expert):

B B AL

BOEFRESANEE: —EMRIIRENAFEESRORZE, —REE / AXNBEER.
yewentao256 AR FEFERE FEFIAELE", FEREFERRLREENRT 2x
Arc B70 5§ 4x H200 By EP B&42%k3E; jikunshang #5038 TD F A 4L/E Triton B2E (
TD R all-or-none) . A —-moe-backend BRIFEZE, 1EERXBIE a9e2b52 5 8224813



X4; quinnlp &4 output store 2F M TD 1b, EEAMEERBALEE A block_m=64 F

store-TD RifmZ & B RE ML gate, ~MELF,

« B GPU £ERS5 EP R EM (design): #M 72 2x Arc B70 5 4x H200 By EP B&12%k3E

(+116% &, —-58% TPOT. +72% reqls) , SRJEARFR.,

« TD FFR Rk 2R/ Triton BLE (design): fF&EE a9e2b52 3|
vlim/triton_utils/tensor_descriptor.py.

. EIREFR AN env var vs —-moe-backend (design): fEE&E 8220813 BkA
-—-moe-backend batched_triton, # [ oracle BRETS activation format 3%&3%,

« output store & TD 1t (performance): 43 plain masked store, &3] A TD store,

- MEESKEEILE T EM (testing): EEME COMMANDS.md. %1% serve/Im_eval B,
F4M7E CUDA Il H200 R4,

R 5 B

- RFQ: 1) WAREHMME: TD (REHE K EL. 16 FHX5F. BLOCK A 2 WREZEA,
EARRIRABRERIHREARSEIRER plain, TR gate BEM,; LAlBNNXEE
bf16 kK&, w8a8/w8alb EftS TD WAEGTMIREE, 2) FETA:
_is_capturing_or_compiling() &#t 7 HE#AA torch.cuda.is_current_stream_capturing()
BIBARAS, 3t XPU B4, 1B cudagraph / torch.compile B2 EEYIWIE, 3) FH{E—
Bk mEf combine BXA index_add_ BiF R B Z, topk>1 5 IBERERE
ERUNER (BB E 3e-2) . 4) KBUIF: TD FFx5 EP EimahlkE #45781.
#46871, FEHMEARN PR, BAERE THEELAIEIIT. 5) MARERA: # GPU L
batched B&/REA R8T fused, FAFiRFF —-moe-backend batched_triton S EIRMERE, &
B XAYBRRAE AR

- B AP XPU B P IREHT —-moe-backend batched_triton %35 B35 TD; %
low-latency EP &fZ (BL& #46871) $HEHTEME. TPOT B¥; CUDA smd0+ A
2 VLLM_TRITON_USE_TD=1 34§ DeepEP R TEAMK 1.3-6.1 F&, ALEPM:
¥rigem TD FRMAKRRK Triton R AEEE; batched activation format ZE3E EP
BLE T H, MoE oracle/config EEHIFHTEIRD X, BRI M. A XPU £ EP #
B&, {83% PR B EANRIKERTN, FEE #46871 BETH,

- RFQFRE: BORBZRBATE , EABEENRES , KBKREA PR (45781/46871) |, 3%
AR AL

RTINS

« PR #46871 portable low-latency all-to-all EP backend: PR body BA#4~ PR 'Stacks
under the portable low-latency all-to-all EP backend (#46871)', ZJEi4 2 EIEAA
batched MoE REHIEREZ &,

« PR #45781 unified VLLM_TRITON_USE_TD toggle: iFi¢ FitBAA PR 1&K&i #45781 5] A\
#9%— VLLM_TRITON_USE_TD FF%, NEHZEEHF,



