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PHATHRE
« —A)3E: Bh4 SM100 CuteDSL FEAIRS I/0 & h WX
- EMME: EEHEIEL, Z PR ERT —NHAEH kernel fusion ERX——¥ PyTorch & 5|89

NEERIERLE 3 CUDA kernel REE, BERD kernel launch forp a4 5%, &1t L3@3E =]
YEHY index SEREFAEFEE, MRET bit-identical ¥ SHIRIERMME, XEHOEEBE,

ThRES EAL

SM100 CuteDSL chunk W3R & 3 B A S R A A AT eager AR [/0: gather MRS
A scatter RELRS, FEFAXRBUNIZ B sF b E5KE S E, PR body 84 : "This per-call
PyTorch overhead is exactly the class that previously dragged the (fast) CuteDSL
kernels below Triton before the workspace reuse fix." ¥R T B Triton chunk E&{2Fnf#
BAZBERERRERS TRS /0, FHERERROBLLIRT,

LI RE

1. AZEMSEK: kda_blackwell/kernel_h.py %1 gdn_blackwell/kernel_h.py 89 kernel_h &%k
T3 state_indices &%k, HO TMA in#fo HT FAEMRIE state_indices[seq_id] Fat, *FF
BEEMRSHIEE / BN,

2. Chunk Pipeline ANO3&ERS: kda_blackwell/__init__.py 8§ chunk_kda_cuteds! fa
gdn_blackwell/__init__.py B9 chunk_gated_delta_rule_cuteds!| #3gw[3%
hO_indices/initial_state_indices £k, H®MARIIF, h0 MARSHE, AZRMRE, K
=# final_state BRAMAE ; TNRIFIENZEEN, REHH ht,

3. Wrapper Efiift: gdn_cutedsl.py o kda_cutedsl.py 8y extend Z &R E N9
ssm_states[indices].contiguous() gather %1 index_copy_ scatter, EIFENBARSM
#7 ssm_cache_indices (int32) ., padding f&{iL (-1) 73BkETR|ERE— sentinel #&,

4. MR : FHEFANMIR KK test_gdn_chunk_cutedsl_pool_mode_matches_dense fao
test_kda_chunk_cuteds|_pool_mode_matches_dense, ¥t bf16/fp32, #EidERENM
PER S BRERATSMERNBIRS, el ARSI EBCHTETERSE, B
RRINTHRIFAE,

REEF:

« python/sglang/srt/layers/attention/linear/kernels/gdn_cutedsl.py (1 GDN FB3E 7 ;
25 source; EA core-logic; 5 CuteDSLGDNKernel.extend) : # wrapper 158%



. extend A IEM gather/scatter 2R A pool ¥R, ZEIhEESZILAY B IZARIN,

« python/sglang/srt/layers/attention/linear/kernels/kda_cutedsl.py (£ KDA &R ;
255 source; R core-logic; 5 CuteDSLKDAKernel.extend) : KDA Xt R #
wrapper 1&2%, &5 GDN M, RIEEER,

. test/registered/attention/test_gdn_prefill_cutedsl.py (#3k MREEE; 2K 5] test; LA
test-coverage; &5 test gdn_chunk_cutedsl _pool_mode_matches_dense) : #r3&ithiE
N bit-identical MR, IIE GDN Eh&IEHME, BZE bf16/fp32,

. test/registered/attention/test_kda_prefill_cutedsl.py (3R MRIOUE; K F| test; FEH
test-coverage; 5 test_kda_chunk_cutedsl _pool_mode_matches_dense) : KDA X5
AP UM, FAGRELS BRI,

« python/sglang/kernels/ops/attention/linear/kda_blackwell/__init__.py (#3& Chunk
Pipeline; 25| infra; & infrastructure; &5 chunk_kda_cutedsl) : Chunk pipeline
A, 53 dense/pool MRAXEH, #HE h0_indices £,

« python/sglang/kernels/ops/attention/linear/gdn_blackwell/__init__.py (#3& Chunk
Pipeline; 2£%| infra; & infrastructure; &5 chunk_gated_delta_rule_cutedsl) :
GDN X8 chunk pipeline A0, ¥13%& initial_state_indices 5%k,

XPETFE . CuteDSLGDNKernel.extend, CuteDSLKDAKernel.extend, chunk_kda_cutedsl,
chunk_gated_delta_rule_cutedsl, test_gdn_chunk_cutedsl_pool_mode_matches_dense,
test_kda_chunk_cuteds|_pool_mode_matches_dense

RERED R B

python/sglang/srt/layers/attention/linear/kernels/gdn_cutedsl.py
¥ wrapper f8BK: extend A %M gather/scatter 284 pool #3, ZINRESZIE BRI,

# python/sglang/srt/layers/attention/linear/kernels/gdn_cutedsl.py
# BE M) extend 7 3E——FIRZA gather/scatter & 2| h kernel R

def extend(
self,
g: torch.Tensor,
k: torch.Tensor,
v: torch.Tensor,
g: torch.Tensor,
beta: torch.Tensor,
*
ssm_states: torch.Tensor,
cache_indices: torch.Tensor,
query_start_loc: torch.Tensor,
**kwargs,

) -> tuple:
head_k_dim = k.shapel[-1]
self._ensure_extend_loaded(head_k_dim)

total_seq_len = g.shapel[1]



num_v_heads = v.shape[2]
head_v_dim = v.shape[3]

# L2 norm Q/K outside the kernel ( [ flashinfer path)
g_norm = self._12norm_fn(q[0].contiguous()).unsqueeze(0)
k_norm = self._12norm_fn(k[0].contiguous()).unsqueeze(0)
v_in = v[0].contiguous().unsqueeze(0)

g_in = g[0].to(torch.float32).unsqueeze(0)

beta_in = beta[0].to(torch.float32).unsqueeze(0)

cu_seqglens = query_start_loc.to(torch.int32)

# MRS 1/0 BE3E h kernel B9 TMA o3k / %4
# ENEANE + BFFIRERS, AREEERNIT EER h0/write ht,
# TE gather/scatter W#%, WF [N, Hv, V, K] a5k &,
# 7 E¥ padding (-1) BREFE| & /E—A sentinel #&,
ssm_cache_indices = torch.where(

cache_indices >= 0,

cache_indices,

ssm_states.shape[0] - 1,
).to(torch.int32) # 289 int32 ULERNZEL

chunk_indices, chunk_offsets = self._prepare_meta_fn(
cu_seqlens, total_seqg_len, chunk_size=64

# BN ssm_states (M) FR3|, AZERE)S state BRMEA
output, _ = self._extend_fn(
g=g_norm,
k=k_norm,
v=v_in,
g=g_in,
beta=beta_in,
initial_state=ssm_states, # &~ & gathered Bl&, MEMARNE
cu_seglens=cu_seqlens,
chunk_indices=chunk_indices,
chunk_offsets=chunk_offsets,
initial_state_indices=ssm_cache_indices, # 353k

# Match Triton extend interface: (output, last_recurrent_state, h).
# The kernel already wrote state back into the pool in place.
return output, None, None

test/registered/attention/test_gdn_prefill_cutedsl.py
AR R, bit-identical MR, I GDN RhEIEFME, BE bf16/fp32,

# test/registered/attention/test_gdn_prefill_cutedsl|.py
# AR B RN bit-identical IR



@pytest.mark.parametrize("state_dtype", [torch.bfloat16, torch.float32])

def test_gdn_chunk_cuteds|_pool_mode_matches_dense(state_dtype: torch.dtype):
""Pool mode (initial_state_indices) must reproduce the dense gather/scatter
path bit-for-bit: same o, same final-state rows written in place at the
indexed pool slots, and every other pool row untouched."""
torch.manual_seed(11)
num_seqgs = 5
seq_lens = torch.randint(1, 130, (hum_segs,), dtype=torch.int32)
cu_seqglens = torch.zeros(hum_seqgs + 1, device="cuda", dtype=torch.int32)
cu_seqglens[1:] = seq_lens.to(device="cuda").cumsum(0)
total_tokens = int(cu_seglens[-1].item())

num_k_heads = 4
num_v_heads = 8
head_k_dim = 128
head_v_dim = 128
dtype = torch.bfloat16

q = torch.randn(1, total_tokens, num_k_heads, head_k_dim, device="cuda", dtype=dtype)

k = torch.randn_like(q)

v = torch.randn(1, total_tokens, num_v_heads, head_v_dim, device="cuda", dtype=dtype)

g = F.normalize(qg.float(), p=2, dim=-1).to(dtype)

k = F.normalize(k.float(), p=2, dim=-1).to(dtype)

a = torch.randn(1, total_tokens, num_v_heads, device="cuda", dtype=dtype)

b = torch.randn(1, total_tokens, num_v_heads, device="cuda", dtype=dtype)

A = torch.empty(num_v_heads, device="cuda", dtype=torch.float32).uniform_(0, 16)

A_log = torch.log(A)

dt = torch.exp(torch.rand(num_v_heads, device="cuda", dtype=torch.float32) * (math.log(0.1)
- math.log(0.001)) + math.log(0.001))

dt = torch.clamp(dt, min=1e-4)

dt_bias = dt + torch.log(-torch.expm1(-dt))

g = -A_log.exp().view(1, 1, num_v_heads) * F.softplus(a.float() + dt_bias.view(1, 1, num_v_
heads))

beta = torch.sigmoid(b.float())

hO_dense = torch.randn(num_segs, num_v_heads, head_v_dim, head_k_dim, device="cuda",
dtype=state_dtype) * 0.05

# A R A IRSECR B B AR89 (REALAEAL)

num_slots = 64

pool = torch.randn(num_slots, num_v_heads, head_v_dim, head_k_dim, device="cuda", dtype=
state_dtype) * 0.05

slots = torch.randperm(num_slots, device="cuda")[:num_segs].to(torch.int32)
pool[slots.long()] = hO_dense

pool_before = pool.clone()

chunk_indices, chunk_offsets = prepare_metadata_cutedsl(cu_seqglens, total_tokens)

# BEEN

o_dense, ht_dense = chunk_gated_delta_rule_cutedsl(



a=q, k=k, v=v, g=g, beta=beta, initial_state=h0_dense.clone(),
cu_seglens=cu_seglens, chunk_indices=chunk_indices, chunk_offsets=chunk_offsets,

)

# R

o_pool, ht_pool = chunk_gated_delta_rule_cutedsl|(
q=q, k=k, v=v, g=g, beta=beta, initial_state=pool,
cu_seglens=cu_seqglens, chunk_indices=chunk_indices, chunk_offsets=chunk_offsets,
initial_state_indices=slots,

)

torch.cuda.synchronize()

# WiE: #F kernel fngk%, XFUARE — BAEF

assert ht_pool is pool

assert torch.equal(o_pool, o_dense)

assert torch.equal(pool[slots.long()], ht_dense)

untouched = torch.ones(num_slots, dtype=torch.bool, device="cuda")
untouched[slots.long()] = False

assert torch.equal(pool[untouched], pool_before[untouched])
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¥ TMA BREEAR, MERAESHAIREE, EERIFLRKEMBDN, TR,

¥ AP ZRIFUERSHLERA (GDN 3% 42%, KDA T3 16%) , mD> GPU
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