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sgl-project/sglang
perf(mla): TMA bulk-store set_mla_kv_buffer (up to 12x over baseline)
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JRSCEERE: http://prhub.com.cn/sgl-project/sglang/pull/25311
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% Python B8, EX TMA BARMADRHfoREMLE, BEEMULAEERA,

"JIT TMA bulk-store path for ~“set_mla_kv_buffer™".

Each warp scatter-writes one item's (nope, rope) row via a single
““cp.async.bulk.global.shared::cta™ " store. Requires SM90+ (Hopper or later)
for the TMA bulk-store hardware. The host-side wrapper in
““sglang.srt.mem_cache.utils™ " falls back to a Triton kernel for older arches.

from __future__ import annotations

import logging

from typing import TYPE_CHECKING

import torch

from sglang.jit_kernel.utils import cache_once, is_arch_support_pdl, load_jit, make_cpp_args

if TYPE_CHECKING:



from tvm_ffi.module import Module

logger = logging.getLogger(__name_)

@cache_once
def _jit_set_mla_kv_buffer_module(
nope_bytes: int, rope_bytes: int, use_pdl: bool
) -> Module:
# MERESEHIFMER JIT CUDA A
args = make_cpp_args(nope_bytes, rope_bytes, use_pdl)
return load_jit(
f'set_mla_kv_buffer_{nope_bytes} {rope_bytes}",
*args,
cuda_files=["elementwise/set_mla_kv_buffer.cuh"],
cuda_wrappers=|
("set_mla_kv_buffer", f"SetMlaKVBufferKernel<{args}>::run"),

@cache_once
def can_use_set_mla_kv_buffer(nope_bytes: int, rope_bytes: int) -> bool:
# TMA ZRITERFTHE 16 WK, BEERLFTHRE 4 HEHK
if nope_bytes % 4 != 0 or rope_bytes % 4 != 0:
return False
if (nope_bytes + rope_bytes) % 16 = 0:
return False
try:
_jit_set_mla_kv_buffer_module(nope_bytes, rope_bytes, is_arch_support_pdl())
return True
except Exception as e:
logger.warning("Failed to load JIT kernel: %s", e)
return False

def _pick_num_warps(n_loc: int) -> int:
# & GB300 LiAfL: /NMEEEZ warp UFH SM, A#MERD warp UL HE bulk-group commit
B8

return 4 if n_loc <= 768 else 8

def set_mla_kv_buffer(
kv_buffer: torch.Tensor,
loc: torch.Tensor,
cache_k_nope: torch.Tensor,
cache_k_rope: torch.Tensor,
num_warps: int = 0,

) -> None:



#ERA TMA HEFEB AN KV 298K, X SMI0+ 224 LRA
n_loc = loc.shape[0]
if n_loc ==

return
src_nope = cache_k_nope.view(n_loc, -1) if cache_k_nope.dim() |= 2 else cache_k_nope
src_rope = cache_k_rope.view(n_loc, -1) if cache_k_rope.dim() |= 2 else cache_k_rope
buf = kv_buffer.view(kv_buffer.shape[0], -1) if kv_buffer.dim() != 2 else kv_buffer
nope_bytes = src_nope.shape[-1] * src_nope.element_size()
rope_bytes = src_rope.shapel-1] * src_rope.element_size()
if num_warps <= 0:

num_warps = _pick_num_warps(n_loc)
module = _jit_set_mla_kv_buffer_module(nope_bytes, rope_bytes, is_arch_support_pdl())
module.set_mla_kv_buffer(buf, loc, src_nope, src_rope, num_warps)

python/sglang/jit_kernel/tests/test_set _mla_kv_buffer.py
ERAENREZZMBIFERT. R, MERNMIZFER, BELARIIAEIR,

import sys

import pytest

import torch

from sglang.jit_kernel.set_mla_kv_buffer import can_use_set_mla_kv_buffer, set_mla_kv_buffer
from sglang.jit_kernel.utils import get_ci_test_range

from sglang.test.ci.ci_register import register_cuda_ci

register_cuda_ci(est_time=30, suite="stage-b-kernel-unit-1-gpu-large")

DEVICE = "cuda"
CACHE_SIZE = 4096

# (nope_dim, rope_dim) pairs: standard MLA, MLA scale buffer, FP8 nope-extended layout
SHAPES = get_ci_test_range(
(512, 64), (512, 32), (256, 64), (128, 64), (528, 64)],
(5612, 64), (528, 64)],
)
BATCH_SIZES = get_ci_test_range([1, 7, 64, 257, 1024], [1, 64, 1024])

def _ref(kv_buffer, loc, cache_k_nope, cache_k_rope):
# 4 PyTorch &5 EERIIRE
nope_dim = cache_k_nope.shapel[-1]
n_loc = loc.shapel0]
src_nope = cache_k_nope.reshape(n_loc, -1)
src_rope = cache_k_rope.reshape(n_loc, -1)
kv_view = kv_buffer.view(kv_buffer.shape[0], -1)
kv_view([loc.long(), :nope_dim] = src_nope
kv_view([loc.long(), nope_dim : nope_dim + src_rope.shape[-1]] = src_rope

@pytest.mark.parametrize("dtype", [torch.float16, torch.bfloat16])



@pytest.mark.parametrize("shape", SHAPES)

@pytest.mark.parametrize("batch_size", BATCH_SIZES)

def test_set_mla_kv_buffer_correctness(dtype, shape, batch_size):
# Xt EMB 55 E LW, BERETE—K
nope_dim, rope_dim = shape
total_dim = nope_dim + rope_dim
cache_k_nope = torch.randn((batch_size, 1, nope_dim), dtype=dtype, device=DEVICE)
cache_k_rope = torch.randn((batch_size, 1, rope_dim), dtype=dtype, device=DEVICE)
kv_buffer = torch.randn((CACHE_SIZE, 1, total_dim), dtype=dtype, device=DEVICE)
kv_ref = kv_buffer.clone()
loc = torch.randperm(CACHE_SIZE, device=DEVICE)[:batch_size]
set_mla_kv_buffer(kv_buffer, loc, cache_k_nope, cache_k_rope)
_ref(kv_ref, loc, cache_k_nope, cache_k_rope)
assert torch.equal(kv_buffer, kv_ref)

@pytest.mark.parametrize("loc_dtype", [torch.int32, torch.int64])
def test_set_mla_kv_buffer_loc_dtypes(loc_dtype):

# HRFATE loc ZRI/AREIHIER T

oL BB EEM, AR

def test_set_mla_kv_buffer_uint8_byte_layout():
# BE FPE NSA FHMF (528 + 128 = 656 FH)
o B BB ERM, BRE

def test_set_mla_kv_buffer_empty loc():
# & loc RARRNMBKREFX

def test_can_use_set_mla_kv_buffer():
assert can_use_set_mla_kv_buffer(1024, 128) # bf16 (512,64)
assert can_use_set_mla_kv_buffer(528, 128) # fp8 byte layout
assert not can_use_set_mla_kv_buffer(13, 8) # not multiple of 4
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