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PATHRE

- —A]3&: B CTA Triton align W%, iETE R Mok fEBERE»—>K launch

- EME: EERFE, AEEX Triton AT kernel MEIREXBH TRT, ZROE=
& pair i vs expert BEES S5 ZMER (N4 pair fEE—RIAE) . BLEEE
BXRENZAIE RARER. BIERAE) . UKk gate IEHFHERE (Aft2 64 &
UTEB% CUDA) , MERXHEE 4 torch oracle 5 blockwise R EARIE 7% 7] UL B HEAE
B3| H A kernel Mk,

THRES B

PR body BA#AIEH : CUDA BEAM small-batch B RAZATEAREREIZE num_experts <= 64 (
HEERNHF# Othreads x experts) ¥K) , EVEREERHNERE bs=1 decode Bt zKT#E
A AETER/Z (align + count_and_sort) . i bs=1 B numel (num_tokens * topk) RA
JUtXE, EAS decode F B E LT/ INAM back-to-back ARk, & launch-bound ik

compute-bound——"That is exactly the case where the launch overhead dominates the
arithmetic most", & MoE B# decode #%&—>K launch ¥ trace L EHEZFET I,

IS

SO AR

4 WIRME:

1. ¥3g CTA Triton W#Z (python/sglang/kernels/ops/moe/moe_align_small_numel.py,
+14747) : EX _moe_align_small_numel_kernel 5 launchermoe_align_small_numel,
A RE—N CTA ARSI I/E, BORE pair AR——HA [NP, NP] A LLRERE
HEAN pair WEARRZEHEL (rank) . AB (cnt) . EZREIHE (padded cnt) , ¥
HEME—H rank-0 RERMEARF IR G R excl FoEERE total, PR body BIFAXTR
ZOeREF: expert ¥ (EAE + 4 1k #8 cumsum) S1iL#E SM BRI EESZ YA
3/, SN S IAFRAZRIE,

2. runner AR EFEN fast path (python/sglang/srt/layers/moe/moe_runner/triton_utils/
moe_align_block_size.py, +32 4T) : ¥ moe_align_block_size & EC52%H &4 EfE AT
NEAHE gate— is_cuda B numel <= SMALL_NUMEL_LIMIT(64) B num_experts +
1 > 64 B not ignore_invalid_expert, 3#3FERA S E R gate MIE shape-driven B &hi%k
#%, ZHRASHELH kernel FFEEBANLAE; ignore_invalid_expert 5§ "+1 offset" 2
ERRIEX, SMEB% CUDA EiZ,



3. KernelSpec 7E#ft (python/sglang/kernels/ops/moe/__init__.py, +17 4T) : ¥ RFC
#29630 B AZEMA op="moe.moe_align_small_numel".
backend=KernelBackend. TRITON B KernelSpec, BEAFRZE CUDA, # A registry
inventory, 5B%A AOT/JIT moe.moe_align _block_size £ B35,

4. MRE Cl BE (test/registered/kernels/ops/moe/test_moe_align_small_numel.py,
+214 17) : JEME| base-b-kernel-unit / 1-gpu-large, F get ci_test range WKFE
per-commit 2H#HCERE, MR EWNEBEAF: test_matches_reference (4 torch
oracle MUEFLLER. Xt CUDA BRIZHEEIR multiset R XK, expert FiikEe
8/64/65/129/1024) . test_ep filtered ids_map_to_expert minus_one (EP i¥J& -1 3%
AH@ 0 B3k expert_id A -1) . test_runner_dispatch _boundary (numel = 63/64/65 =
MzAR) . test runner_defers for ignore_invalid_expert (5T3% = gate &) »

R

« python/sglang/kernels/ops/moe/moe_align_small_numel.py (#3k AEZE; K5 source
; EA core-logic; 5 _moe_align_small_numel_kernel, moe_align_small_numel) : &
PR s #7138 CTA Triton W%, A pair 3 [NP, NP] B LR — R & 4T 52 AR
moe_align @3 T1E, BZE CUDA /NMEERRZRBARE|H num_experts > 64 corner,

« python/sglang/srt/layers/moe/moe_runner/triton_utils/moe_align_block_size.py (1%
LT 25| source; EA dependency-wiring; &5 moe_align_block_size) :
moe_runner AR &, EABEFKMG fast path gate, REFHARMREE R KSR, 217
ANIB R B E,

. test/registered/kernels/ops/moe/test_moe_align_small_numel.py (3R #50048; 25
test; £ test-coverage; 5 _reference, _alloc, _run_triton, run_cuda) : MiREE
S 4h torch oracle ¥FAKT=E. CUDA B&f23ZFIR multiset R XKL, EP IRIE X,
runner dispatch 3258 (63/64/65) X ignore_invalid_expert E3&,

. python/sglang/kernels/ops/moe/__init__.py (#&3k ABCEM; 25| infra; &
configuration) : # RFC #29630 &#WAZEM A TRITON KernelSpec (
op=moe.moe_align_small_numel) , N\ registry inventory, =% = %L W fo0%—
B TR B E AR IR B

XS _moe_align_small_numel_kernel, moe_align_small_numel,
moe_align_block_size

KBRAL B EX
python/sglang/kernels/ops/moe/moe_align_small_numel.py

A PR A& F¥gH#E CTA Triton W%, A pair # [NP, NP] B LR — R K4t K
moe_align ¥ TAE, B Z CUDA /NEERZBARE|H num_experts > 64 corner,

# python/sglang/kernels/ops/moe/moe_align_small_numel.py

# BEE, B CTA 89 moe_align: £A numel /M. EFRH#HEE (Vi 64) By

# bs=1 decode corner i&it, CUDA /MHERRNEZAAEIIME Othreads x experts),
# EFRZ TRREEEFRLETHIEA align + count_and_sort,

SMALL_NUMEL_LIMIT = 64



@triton.jit

def _moe_align_small_numel_kernel(
topk_ids_ptr, # [numel] B8] (token, slot) expert id, -1 &5~ EP 3J&
sorted_token_ids_ptr, # [max_num_tokens_padded] #iH & #
expert_ids_ptr, # [max_num_m_blocks] &/ block B expert id
num_tokens_post_pad_ptr, # [1] EHHNARLEE
num_experts, # E + 1: Bl "+1 offset" AZ T BB LK
block_size,
numel,
NP: tl.constexpr, # power-of-2, B >= numel
NB: tl.constexpr, # power-of-2, B >= &A%k
USE_GDC: tl.constexpr = False,

# sm90+ PDL 8 : ANALE router top-k BE B E, L£SFETH
if USE_GDC:
tl.extra.cuda.gdc_wait()

offs_p = tl.arange(0, NP)

mask_p = offs_p < numel

ids = tl.load(topk_ids_ptr + offs_p, mask=mask_p, other=-2)

# pad lane 4—/NEFEAE num_experts, ZJEFiA ZitERSM mask
bucket = tl.where(mask_p, (ids + 1).to(tl.int32), num_experts)

# REERIT: £IIAELE pair H (NP, NP] BFLLER) L5

# E—MMN, rank ZEtLBE CE R pair ML, cnt BERAD;

# rank == 0 B9FRAS pair fEAMER R, RRESFER IR BT

# i EREE. REMEIRE expert_ids. expert 1 (EAE + cumsum)
#EA K BEE SM TEEY 3 12, LNRMmEE,

same = (bucket[None, :] == bucket[:, None]) & mask_p[None, :] & mask_p[:, None]
earlier = offs_p[None, :] < offs_p[:, None]

rank = tl.sum((same & earlier).to(tl.int32), axis=1) # WA EHESL
cnt = tl.sum(same.to(tl.int32), axis=1) # A A B

padded_cnt = ((cnt + block_size - 1) // block_size) * block_size
is_rep = (rank == 0) & mask_p

# RS mE: BMATAEMR id E/MRES padded_cnt
smaller_rep = (bucket[None, :] < bucket[:, None]) & is_rep[None, :]
excl = tl.sum(smaller_rep.to(tl.int32) * padded_cnt[None, :], axis=1)

total = tl.sum(tl.where(is_rep, padded_cnt, 0), axis=0)
tl.store(num_tokens_post_pad_ptr, total.to(tl.int32))

# EMUEIEAE [excl, excl + padded_cnt) X3k, 5 AH expert id 2
# bucket - 1: # 0 (EP s3J&H0 -1) EAM/ZE expert_ids = -1,
# fused_moe By filter_expert ©BkiTiX bk,
offs_b = tl.arange(0, NB)
block_start = offs_b * block_size
in_range = (
(block_start[:, None] >= excl[None, :])



& (block_start[:, None] < (excl + padded_cnt)[None, :])

& is_rep[None, :]
)
eid = tl.sum(in_range.to(tl.int32) * (bucket[None, :] - 1), axis=1)
tl.store(expert_ids_ptr + offs_b, eid.to(tl.int32), mask=block_start < total)

# pad f€3E numel, BEATE S pair index, fill 8 scatter AR warp E,
# %H debug_barrier B fill T AEE B & = F—Hit8 scatter &R,
n_fill = (total + NP - 1) // NP
for it in range(n_fill):
f_offs =it * NP + offs_p
tl.store(
sorted_token_ids_ptr + f_offs,
tl.full([NP], 0O, tl.int32) + numel,
mask=f_offs < total,
)
tl.debug_barrier()
pos = excl + rank
tl.store(sorted_token_ids_ptr + pos, offs_p.to(tl.int32), mask=mask_p)

# AR T GEMM # PDL {K#
if USE_GDC:
tl.extra.cuda.gdc_launch_dependents()

python/sglang/srt/layers/moe/moe_runner/triton_utils/moe_align_block_size.
%

moe_runner A &, ALY fast path gate, REFNEAZEER LIRS, BITA
PIHpy KB E

# python/sglang/srt/layers/moe/moe_runner/triton_utils/moe_align_block_size.py
# CUDA /M BB X HTRZHNHZAFIIN: BMNE—HEFTAE,

# & 4 (buckets + 1)A2 £, BH 64 MmtRIIERARLHERZ
_CUDA_SMALL_BATCH_MAX_BUCKETS = 64

def moe_align_block_size(topk_ids, block_size, num_experts, ignore_invalid_expert=False):
# ... BB (sorted_ids / expert_ids / num_tokens_post_pad / cumsum_buffer) ...

# Tiny-batch fast path (bs=1 decode) : R CTA Triton & 4t&#k
# A align + count_and_sort 2R & 4t, WA gate ZRHBHR—F:
# 1) IX CUDA;

# 2) numel <= 64 (pair #IKEAE NP=64 RS HFHFE,

# NP=256 B35 H 3| local memory, S 230 us/ &48t, tbikeik
# BRIZ2ENE, FTATIIRFEK batch BYIkES)

# 3) Wi 64 (TN CUDA ECBRELXSTHERE O(humel) T/EE,
# AAZE O(numelr2) AFALLER, RZOXEKE)

# 4) RAB A ignore_invalid_expert (‘&% "+1 offset" AEZMEIEX,
# R id REHRNA—EK, W% LE CUDA BAE) .

if (



_is_cuda

and topk_ids.numel() <= SMALL_NUMEL_LIMIT

and num_experts + 1 > _CUDA_SMALL_BATCH_MAX_BUCKETS
and not ighore_invalid_expert

moe_align_small_numel(
topk_ids,
num_experts + 1,
block_size,
sorted_ids,
expert_ids,
num_tokens_post_pad,

)

return sorted_ids, expert_ids, num_tokens_post_pad

# ... EABRZRBEHLEEYE (JIT align / AOT sgl_kernel moe_align_block_size) ...

test/registered/kernels/ops/moe/test_moe_align_small_numel.py

MR E E 5T ditorch oracle FFFAKTE . CUDA BR{ZZE IR multiset R XML
runner dispatch R (63/64/65) % ignore_invalid_expert [E3&,

# test/registered/kernels/ops/moe/test_moe_align_small_numel.py
def _reference(topk_ids, block_size, num_experts):
# 4 torch B oracle: bucket = expert + 1 (EP ¥ J&89 -1 %34 0) ,
# BAAANSTE block_size BIfZER, RIZMFHES|, pad FEHE numel,
# WAIZ pair index #AFKE. oracle 5 NIRRT —K,
# FTUART ARERALLER A2 multiset PRE
numel = topk_ids.numel()
bucket = (topk_ids.flatten().to(torch.int64) + 1).cpu()
counts = torch.bincount(bucket, minlength=num_experts + 1)
padded = ((counts + block_size - 1) // block_size) * block_size
offsets = torch.cumsum(padded, 0) - padded
total = int(padded.sum())

non_empty = torch.nonzero(padded, as_tuple=True)[0]
expert_ids = torch.repeat_interleave(

non_empty - 1, padded[non_empty] // block_size
).to(torch.int32)

sorted_ids = torch.full((total,), numel, dtype=torch.int32)
cursor = offsets.clone()
for pair in range(numel):
b = int(bucket[pair])
sorted_ids[cursor(b]] = pair
cursor[b] += 1
return sorted_ids, expert_ids, total

def _assert_exact(got, ref, block_size):

EP 33835 X,



# REREZAREUAN,; BEFZEHTAS, XEHRME

got_sorted, got_expert, got_total = got

ref_sorted, ref_expert, ref_total = ref

assert got_total.item() == ref_total, 'num_tokens_post_pad'

num_blocks = ref_total // block_size

assert torch.equal(got_expert[:num_blocks].cpu(), ref_expert), 'expert_ids'
assert torch.equal(got_sorted[:ref_total].cpu(), ref_sorted), 'sorted_token_ids'

R4

FEAKITI:

« DarkSharpness & Issue ¥ X7 "Do we have any benchmark for this kernel?"——1
#71E PR body B Speed Tests and Profiling —% H H20-3e # 57 #dE (L&4%k 2 > 1.
align BE4 4 us. e2e 0.7511 s -> 0.750 s) , BT NP=256 ZHERFHERBHEH
230 us/ ZRETHEE REVIMKIE

« BBuf MR XM 1 4T "Can we clean up this file?", fEZEE "Done.", ZAMR
M 259 ATURSRE] 214 4T, SME B&,

&3 #Fdh BBuf %A (state = APPROVED) ,

« ¥ benchmark #3#E 2 & 74 (performance): 1E& 7 PR body 8] Speed Tests and
Profiling — % %% H20-3e bs=1 SZl: 4 MoE B&&1%k 2 -> 1, align 224 4 us,
e2e decode 0.7511 s -> 0.750 s; HARRE NP=256 TR 230 us/ AT HEFF B
TR

MR XAESEEE (style): MIRMEM 259 THERIE| 214 17, £ME RE, review B FEH,

R 5 B

« QRS BN R

« %2 dispatch ZE: moe_align_block_size 28 MoE E&FEANXZFER &, T
gate FMHEM—NE HBESFFRLEFZAREE, REEMRARK,;
test_runner_dispatch_boundary &1 14T{E 63/64/65 # R,
test_runner_defers_for_ignore_invalid_expert §T1X % = &4,

- HHEEREMEREE: pair HIKEE NP=064 BEEHFHFE (4 4us) , NP=256 B
3| local memory (4 230 us, HEEBIMIALITIRIEL 50 %) . BLR
SMALL_NUMEL_LIMIT=64 ZFIEREERAXE, RRKE RS LROIF AR VTR,

«warp EEEELRRRAF: pad fill 5EE pair BETERR warp EHAT,
tl.debug_barrier() —BEWR G4 EMTEIR, fill store FTREIEEE £ scatter store F|[F—
A, BT ERMERRE,

HBERAMRIR: sorted_token_ids KB EBEZEARE, 1K# fused_moe TAE R ik
num_tokens_post_pad XA ; BIFWIEAIEE BIAREXE, BT KRR R,

- F&EE: fast path X _is_cuda £2%, HIP/XPU/MUSA EBRIBERZ (ITARLSELIKE)
: B moe_align_small_numel 89 import # if _is _cuda 1&37, #%IE CUDA 3%
ImportError,



« sglang-kernel IRARE R : AOT BREMIBKT 1023 & wheel JREAZFARAZE—, MRA
CUDA_XCHECK_MAX_EXPERTS = 1023 [REIXXRETEE, HAZEZ T expert LR
, BRRA B E E R MRS E M,

c U RWUSEEREEEERCRRZ: TR ERER 64 19 MoE R (W0 129/1024 &
FEE) & bs=1 decode & E/»—>K kernel launch #o host dispatch, 52| e2e 3R
T2 0.1% (0.7511 s -> 0.750 s on H20-3e) , Uk B/IMBXY decode 3 2A L&,
ik trace EF%, MRRME, ARELTEANTERRK: pair #¥E CTA AR, PDL
8 (gdc_wait / gdc_launch_dependents) AR, LUK oracle + ZFiR multiset X#HM
RKEN; 3 CUDA FE5 batch BAARZTELZH M,

o REEFRIT: BOARRL IR dispatch T E |, gate W FRAEX R , FHEERHFIFREE LR |
warp [BE£ZEEKH barrier, {X CUDA B2 4K

KRRk

« PR #33903 [Inkling] silu_and_mul: replace helion kernels with plain Triton: [EJ&
sglang/kernels/ops/moe BFKWEF Triton t5 KernelSpec JEMIAE, A moe EF
4k Triton + registry BOEZH F M.

+ PR #33889 moe: the shared-experts-fusion decision is a per-runner value the loader
installs: EJ& moe_runner ARAKRZNERSEXIE, 5K PR # dispatch gate ZEE—
PR12 EBAUES, HEEEH runner MUREKEE b,



