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[Perf] Tune the W4AFP8 DeepEP low-latency requant launch geometry
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JRSCEERE: http://prhub.com.cn/sgl-project/sglang/pull/35760

PATHRE

« —A)iE: EI WAAFP8 requant BahJUfI, decode NiZiIREEZ = 12x

< EESE: EERIE. ZAMRITRERLENME: 1) tile K/ bytes-per-lane fiETTHR
WENX, RRFE wave32/wavebd T BER: 2) THETAMR TRER 2 W%, 5§
dispatch_a B EBREFRETAEEM (BUEN 2 OEZLF m-grid 81Z) ; 3) AM
BATRE (per-expert strided + @FaB#E) AR FHERSEE NLHAE RS, H+
B row_cap slack 2x A AHERM (13-20%) SRAHENTZ EBRF4ET, 552 R
PR body ByMtaERFIRZ A £ HH “share overflow rows”. ‘tile per lane” FRANEEEE#H

TN EES BAL

PR body BRFAIEH : fp8 per token to per tensor quant triton() ZEa4RAANZ (BTER
RFER., BRARNTT) , BRI RA=ZABHELLERRE EHR—1024 LXK tile B 8
warps KRB 4 B/thread, IE4FHEFE Triton {2k mEBMAMNREL, RF=MRA |d.global.b32
/ st.global.b32; scale #uEH#Fht, # DeepEP column-major R FTHRETEER 128
JRE9 8 sk gather; m-grid B ESE XK 32 4 program, 1KZER decode fTE AT KIS
program R masked load #BE——256 NAMER, BEF 1 THAZEE 35 us BmHY
3 us BYEKIE,

SCIN AR AR
1. WA tile EEM: WRFTTEBE scale 4

python/sglang/kernels/ops/moe/ep_moe_kernels.py F

_fp8 per_token_quant_to_per tensor quant_kernel 4& payload MRFT R EKA
[G_BLOCK_SIZE, 128] tA—%g3k, K BLOCK SIZE & A G_BLOCK _SIZE (constexpr #
MR TR T K 128 5% scale A%k . THEY scale H—RATE load 18, RIRFRE
4, IWH kK RARAHEL, warps H 8 BRE 4, BEELEEKFTM 4B A2 8B, k&
v2.b32 mEHE,

2. FMEBATIRE : row_cap + @RaHHE=E

i requant_row FITE X%, phase 1 5 phase 2 #£H, RIEREKRRE HWITEMN—
¥, Phase 1 B EANEZEE m-grid HZKLEFE min(masked_m, row _cap) L TFBI4T; Phase 2
Y tl.cumsum RIBARIL )R s H R T|BETE (expert, row), ik hot expert B HATHEE



AN launch By program, #HRIEMLIT (expected m) EERFIEEH. LENERETH,
AR BTN 0, RAAH—RIEFAFH,

3. BahJUEIR & requant_launch_geometry

B FGERE (G_BLOCK_SIZE, m_grid, row_cap) =4 launch hint, *#8%1t: tile MUt E X
KB group BE, RIEBAEFTYH (EENRARKRE) A group TEHIBEKRE;
expected rows 1A FTERER| 2 B9&, BN dispatch_a £ (rows + E) // E B LERE, =
REBESESAD 2 WRAFE m-grid BIfZ; m-grid ERAFHE 32, TR 4, THET
64 BERAREFHEIEZ 1024 program BARUIRZE; requant_warp_size M device props i E
52 warp 5 (Iru_cache &%) , LUEEL AMD wavebi,

4. R FAEEITAR
expected_m BB host Ml dispatch_a #E4F. BXBEHHIRE CUDA graph 1€, A PR
LEM waafp8.py B9 apply_deepep_Il & cutlass_w4a8_moe_deepep_|l FEEE|

fp8_per_token_to_per _tensor_quant_triton By expected_rows, 1X{E launch hint, IE#PE
TAKFRE

5. Mk, kG Cl BE

« F3 CPU BTN test w4afp8_requant_geometry.py (12 NAF) : $1E m-grid ER
/ BV / MTEE, 4T cap RY. BEEFHHEE warp TELRE. tile X#& payload,

« B GPU B8 test_fp8_per_token_to_per_tensor_quant.py: &# column-major
scale. 40/128 XK cap £%%. & launch JUTAEZFMN—K. ZEXBkT,

« #F3 base-b-kernel-benchmark 4B bench_fp8 per_token_to_per_tensor_quant.py:
tuned § legacy-geometry RIEXEE, & skewed &%,

REEX M

« python/sglang/kernels/ops/moe/ep_moe_kernels.py (13 MoE W#%; 25| source; £
A core-logic; &5 _requant_row, _floor_pow?2, requant_warp_size,
requant_launch_geometry) : #ZOZEE XM EM requant Triton R tile 2R,
warp ¥5 m-grid, ¥ERMEITIRES launch geometry B &5, Z4A PR £ MEEIL
2= BIR IR,

. test/registered/unit/layers/moe/test_w4afp8_requant_geometry.py (13t BETMR; 2%
7l test; KA test-coverage; F5 TestRequantLaunchGeometry,
test_cap_leaves_ordinary_variation_to_the_owning_expert,
test_cap_never_exceeds_the_payload, test_unknown_row_count_keeps_every_row_wit
h_its_expert) : #3 CPU BRRNREAMRK, 12 NABIBUE m_grid EF / #iRAK/ mT
BE. row_cap MR, BEAEFHHE warp REARESXBATE, BTFPREITEN
X,

. test/registered/kernels/ops/moe/test_fp8 per token_to_per tensor_quant.py ({#Eik =
ToMR; K5 test; A test-coverage; &5 _build,
test_masked_rows_and_group_tail, _assert_output, _run_and_check) : GPU IEA& PN
R E: BZE column-major scale. 40/128 €% cap £, FZ launch JUTH SR —
R ZERBN, BETFTPANMBRAEFHRS off-by-one MIRTZ BT,



« test/registered/kernels/benchmark/moe/bench_fp8 _per_token_to_per_tensor_quant.py
(R HEMER; 7 test; A test-coverage; &5 _expected_m, row_counts,
_build, _tuned) : ¥3¥ in-tree £, FEIEXLtL tuned 5§ legacy-geometry ¥ launch,

FH5|IN skewed FEHEHE E expected_m HWEBEZNIRFIZ R, 2 Cl PR MEEERRAY

« python/sglang/srt/layers/quantization/w4afp8.py (iR M E; E£F source; E£R
core-logic; 5 apply_deepep_Il) : AAFEAD: M DeepEP dispatch output 42 H
expected_m B L4 cutlass_w4a8_moe_deepep |l, BkENR/IMEITE T host-side /T4
113 kernel B98£E,

« python/sglang/srt/layers/moe/cutlass_w4a8 moe.py ({3 MoE HEF; 25| source; %
A core-logic; 5 cutlass_w4a8_moe_deepep_ll) : 38 expected_m YEANT[3% launch
hint 3Z1£3| requant wrapper, % docstring FEA#A “any value is correct”, &I IEH
PR IZAE T,

XS fp8_per_token_to_per_tensor_quant_triton,
_fp8_per_token_quant_to_per_tensor_quant_kernel, _requant_row,
requant_launch_geometry, requant_warp_size, _floor_pow?2,
cutlass_w4a8_moe_deepep_ll, apply_deepep_lI

RPERAD B

python/sglang/kernels/ops/moe/ep_moe_kernels.py

BAOTE XM EM requant Triton RAZE tile FEIR. warp 35 m-grid, ¥FERMNEBITRE
A1 launch geometry B &3, ZA PR £ REILZ BORIR

#IAREMNRE BREFZHH MIETEL: NVIDIA wave32 5§ AMD wavebsd B warp SEERE,
# B ETERSTE wavebd I HIBSEBFHERE.

_REQUANT_BYTES_PER_LANE = 16 # £ F%k >= 32 RH-ENEEHR 16 B
_REQUANT_BYTES_PER_LANE_FEW_EXPERTS = 8 # €%/, grid ERHE tile ¥
_REQUANT_MANY_EXPERTS = 32

_REQUANT_NUM_WARPS = 4 # 4 warps itE%44% 8 B, &£ v2.b32 mEL

_REQUANT _DEFAULT_WARP_SIZE = 32

_REQUANT_M_GRID_MAX = 32 # B E(E, ¥JUARERK

_REQUANT_M_GRID_MIN = 4 # TFR# %84T batch 3B expert BT
_REQUANT_TARGET_PROGRAMS = 1024 # TRt (m-grid x expert) “F# L&y program B#x
_REQUANT_ROWS_SATURATED = 64 # #83d 14Tk, cap 8 program &HF B T/E
_REQUANT_ROW_CAP_SLACK = 2 # row_cap = 2x BA24T, BALEXKIEL @&

def floor_powZ2(value: int) -> int:
return 1 << (max(1, value).bit_length() - 1)

@lru_cache(maxsize=None)

def requant_warp_size(device: torch.device) -> int:
"GN warp B9 lane £k, RE requant B tile EE, """
return torch.cuda.get_device_properties(device).warp_size



def requant_launch_geometry(
num_groups: int,
num_experts: int,
group_size: int = 128,
expected_rows: Optional[int] = None,
warp_size: int = _REQUANT_DEFAULT_WARP_SIZE,
max_rows: int = 1 << 30,
) -> Tuplelint, int, int]:
"R [El (4 program B group %k, m_grid, row_cap) =4 launch hint,

EABREERR” AR N VRY, JUTRERMERE, TAETAHR TRES 2 8%
dispatch_a 1R (rows + num_experts) // num_experts, EWBFFHIFZIR 1 4T,
EXBERMALRE, SESD 2 WELFHE m-grid B,
# payload & fp8, — N TLEME—NFN, MIUBEEFZYHETEEETEI
bytes_per_lane = (

_REQUANT_BYTES_PER_LANE

if num_experts >= _REQUANT_MANY_EXPERTS

else _REQUANT_BYTES_PER_LANE_FEW_EXPERTS
)
tile_elems = bytes_per_lane * _REQUANT_NUM_WARPS * warp_size
# tile ATCERIA. FRIX group SEFE| G_BLOCK_SIZE: X[ group TEAS
# HIERE SN tile RN, BRTEREH clamp 2| payloads
g_block = min(_floor_powZ2(tile_elems // group_size), _floor_pow2(num_groups))

if expected_rows is None:
#ORAATHEITRIEREA cap BRI, RIFHE m-grid, FIAETEERE R,
return g_block, _REQUANT_M_GRID_MAX, max_rows

m_grid = min(
_REQUANT_M_GRID_MAX,
max(_REQUANT_M_GRID_MIN, _floor_pow?2(expected_rows)),
)
if expected_rows < _REQUANT_ROWS_SATURATED:
# fTHEERET A program BARFRE m-grid, & KRR EHI B EH,
m_grid = min(
m_grid, _floor_pow2(_ REQUANT_TARGET_PROGRAMS // max(1, num_experts))
)
row_cap = min(max_rows, max(1, expected_rows * _REQUANT_ROW_CAP_SLACK))
return g_block, m_grid, row_cap

test/registered/unit/layers/moe/test_w4afp8_requant_geometry.py

¥ CPU BRARZAMR, 12 MNABAIPIZE m_grid E& / BifAM / @ TERE. row_cap ¥R,
BEEFTYHRE warp RERESXBEARATE, BEWFHFREITEHNNZ,

class TestRequantLaunchGeometry(CustomTestCase):
def test_m_grid_never_exceeds_the_previous_fixed_grid(self):
AT RSk m-grid k48, 11T batch FHASLLIBE ZMEEE, "
for expected_rows in (1, 8, 32, 33, 1024):



for num_experts in (8, 56, 256):
_, m_grid, _ = requant_launch_geometry(
DSV3_GROUPS, num_experts, expected_rows=expected_rows

)
self.assertLessEqual(m_grid, PREVIOUS_FIXED_M_GRID) # A ¥ {8 32

def test_dispatcher_round_up_does_not_bump_the_grid(self):

""dispatch_a ER (rows + E) // E, IEFERKZR 1 17; BAXEHLRLE

BRE, 2ESN 2 WERLFRIE m-grid 8E, FrAmm e, "

for rows in (4, 8, 16, 32):
exact = requant_launch_geometry(DSV3_GROUPS, 8, expected_rows=rows)[1]
reported = requant_launch_geometry(

DSV3_GROUPS, 8, expected_rows=rows + 1

)[1]

self.assertEqual(reported, exact, f"rows={rows}")

def test_tile_holds_bytes_per_lane_across_warp_widths(self):
RGBT R ERRF Y warp 32 B 2048 TEE warp 64 AT R
4096, TN wavebd IMHEZF|—FHNELREF K "
for warp_size, want_elems in ((32, 2048), (64, 4096)):
for group_size in (64, 128, 256, 512):
g_block, _, _ = requant_launch_geometry(
num_groups=7168 // group_size,
num_experts=56,
group_size=group_size,
expected_rows=16,
warp_size=warp_size,

)
self.assertEqual(
g_block * group_size, want_elems, f'warp_size={warp_size}"

)

PP R A
BBuf: Could we benchmark with the actual expected_m from the dispatcher? An
exact average of 8 rows produces 9, which changes m_grid from 8 to 16.

benchmark B expected_m BRAENL dispatch_a B (rows + num_experts) //
num_experts FERE LR, FEEES54% ™ launch X5,

BBuf: _legacy still runs the rewritten kernel, so it only restores the old launch
parameters, not the old scale-loading behavior.

alexnails EZH Ed, &AL legacy-geometry & HEXHEFHBEEREBSE launch
geometry, RHE2E scale MBFEARNES,

BBuf: This case does not actually exercise the expert cap. With 128 experts and
expected_rows=8, both paths choose m_grid=8.



MRS HEEA (40, 32) 5 (128, 16), ik cap BEEESRE: 40 TRHM 16. 128 EFRHM 8,
[ B8 E RATHREK R E AR
BBuf: expected_rows=None only preserves the old m-grid. The group block size and
num_warps still change.

alexnails ZAIAFERNE, MIRFE LA test_unknown_row _count_keeps_the previous_m_gri
d, PR body ¥R &KR—HMBEIE——expected_rows=None RI&REIE m-grid,

BBuf: These constants are tuned on H200 and B200 but apply to all SM90+ GPUs.
Do we have an H100 or H20 result as well?

alexnails MM H100, HZIEFLE torch 2.11 / triton 3.6 5 torch 2.13 / triton 3.7.1 REL
Egt FIOIF (Uk25IRHL Triton codegen) ; H20 k&, AHBESLSEINAND,

BBuf: expected_m is an average, so with skewed routing a hot expert may be left
with m_grid=4/8 and serialize many rows.

benchmark 340 skew #: —A hot expert & skew * rows, HALLEXHLRE, HREF
dispatch & & (BF expected_m) %,

BBuf: The CI subset only runs E8, so it does not exercise the num_experts >= 32
tile/cap path.

CI FHRERIAMA (3584, 56, 256) FHIRE rows=32, skew=16 FRKRAE,

« benchmark Rf£E A dispatcher SZFr_E3IRH expected_m (correctness): _expected_m 2K A
(dispatched_rows + num_experts) // num_experts, #&#l dispatch_a B84 EEE iR,

. legacy EAEHGEL G5 EXRARM (testing): EHEL A legacy-geometry, FFIEXH
docstring WBAE RFEE launch geometry &1,

. test_many_experts REIEfhL expert cap (testing): 3L A (40, 32) § (128, 16), &
cap EIESFE, FHiE m BEE 48. BERAHEFER,

« expected_rows=None f&#FIB U BFEEF =2 S (documentation): MR 22
test_unknown_row_count_keeps_the_previous_m_grid, PR body FEE&£R—HBIE,

CRARFEENELEZ (H100/H20) (performance): H100 & torch 2.11/triton 3.6 5
2.13/3.7.1 MEIEEWMN, WEBEMKIL; H20 £k, B benchmark B4 EIAD,

- K_BLOCK_SIZE ¥4 G_BLOCK_SIZE #JRE (question): EA B MR TREEN 128
% scale A, tile AR AT E,

. skewed BB MHEEEEEZ (performance): benchmark 30 skew #: —A hot
expert & skew*rows. HE&K¥4, FHR$F dispatch & & (BF expected_m) %,

« Cl benchmark F& & B % KE X2 (testing): CI FEMA (3584, 56, 256) KKEFIR
, rows=32. skew=16 FHEHANBRIASIE,

R 5 B
o A



1. MEEEVIRE (EEZRK) : m-grid BRARAAZREIE, PR BREMER decode X
EEE SR EE 0-5%, BEEEE sub-4 us BRAE 8-12% BEE, B200 & 8 THRLEA
0.03 us WM ETHE; "RELKRIT (n-grid < AL 32) BKT KA batch,
1B tile ES warp A RRAELLMERET (BIE expected_rows=None) ,
test_w4afp8_requant_geometry.py BABRPIE T X—H4A, H20 KM, EKRZEH (OH
3E SMA0 FtF) ®ETREIEHM,

2. EFFMERFIKERZLR: Phase 2 RIZBFBRET 2 & 7 BE off-by-one By, MIABEE=E
EEF, £%F masked_m. cap § payload ¥R, = B bitwise —3k; 1B PR B
RZ T AIRE3E decode 1K,

3. Triton codegen fRANEE R : W5 K#i 8 B/thread fiik v2.b32 B9RAG A BRATA, triton
3.6 53.7.1 & 7168 IR EBHI +12% — FFHFTAMEESR, KK Triton AR
BT Y RIS U (PR B3R closing the remaining few percent 2 autotuning) »
- AFPM: W4A4AFP8 + DeepEP low-latency 22 (DeepSeek-V3/R1. Kimi-K3
& W4A8 M) decode MERBEZ25: E2E A/B Bk 4x H200, EP4 R &t
+0.83~1.48%. median TPOT -0.84~1.44%; HEMK. AL TS PR (
kernel ZEAT 12.1x) . oD, flag EETH, W bitwise — %, AZLEERE
KEh, AGM: FiE 3 AR / EEAND——CPU JUTRAM R (base-a-test-cpu,
24 5s) . GPU Bxli® (base-b-kernel-unit, est 60 s) . kernel benchmark (
base-b-kernel-benchmark, est 45's, 1-gpu-large) . HRIBRAM: JET ST EAH
kernel LA AZE—Dbytes-per-lane JAMREAL, X[a LEREHIE. HEMITERHBH
FRERSES; FTATEETEXHEEIR, ANEL autotune B 7 MO,

« RFEFRIT: BOARBRETE , BAALKREME |, Triton codegen RGN , H20 R B % ,
£ ¥ B E2E RBIE

RERIREE

« PR #36985 test: re-enable FlashInfer per-token NVFP4 coverage: kAR X4, 1B
JB W4A8/NVFP4 MoE EMLAAZMIIERMES MREMRFEAR, TTHIZATUSIMRAE FEH 4T &R

HER.



