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vlim/model_executor/kernels/linear/__init__.py

#& Python %3338 %, 4] VLLM_BATCH_INVARIANT T{£H CUTLASS X Z emulation
o
def init_nvfp4_linear_kernel() -> NvFp4LinearKernel:

"""Select and instantiate the best NVFP4 linear kernel for the current platform.
config = NvFp4LinearLayerConfig()

# VLLM_BATCH_INVARIANT forces deterministic execution. Prefer the
# batch-invariant CUTLASS implementation when available, otherwise fall
# back to emulation.
force_kernel: type[NvFp4LinearKernel] | None = None
linear_backend = _get_linear_backend()
if envs.VLLM_BATCH_INVARIANT:

bi_supported, reason = CutlassNvFp4LinearKernel.is_supported()

if bi_supported:

# CUTLASS Binv A, BHMERIREGERRS

if linear_backend not in ("auto", "cutlass"):
logger.warning_once(
"VLLM_BATCH_INVARIANT overrides --linear-backend=%s; "
"using the CUTLASS backend for deterministic execution.",
linear_backend,
)
else:
logger.info_once(
"VLLM_BATCH_INVARIANT forces NVFP4 linear to use the "

"CUTLASS backend for deterministic execution."



)
force_kernel = CutlassNvFp4LinearKernel
else:
# CUTLASS A% #F, [E3RE| emulation
if linear_backend not in ("auto", "
logger.warning_once(
"VLLM_BATCH_INVARIANT overrides —-linear-backend=%s; "

"using the emulation backend for deterministic execution.",

emulation"):

linear_backend,
)
logger.info_once(
"VLLM_BATCH_INVARIANT is set but the batch-invariant NVFP4 "
"kernel is not supported on this platform; falling back to "
"emulation for deterministic execution. Reason: %s",
reason,
)
force_kernel = EmulationNvFp4LinearKernel
elif linear_backend == "auto":
# Deprecated env-var overrides
if envs.VLLM_USE_FBGEMM:
force_kernel = FbgemmNvFp4LinearKernel
elif envs.VLLM_USE_NVFP4_CT_EMULATIONS:
force_kernel = EmulationNvFp4LinearKernel
elif envs VLLM_NVFP4_GEMM_BACKEND is not None:
backend_name = envs.VLLM_NVFP4_GEMM_BACKEND
force_kernel = _NVFP4_BACKEND_TO_KERNEL.get(backend_name)
if force_kernel is None:
raise ValueError(
f'"Unknown VLLM_NVFP4 _GEMM_BACKEND={backend_name!r}. "
f"Valid choices: {list(_ NVFP4_BACKEND_TO_KERNEL.keys())}"

if force_kernel is not None:
is_supported, reason = force_kernel.is_supported()
if not is_supported:
raise ValueError(
f"Forced NVFP4 kernel {force_kernel.__name__} is not supported: {reason}"
)
logger.info_once("Using %s for NVFP4 GEMM", force_kernel.__name_ )
return force_kernel(config)

# Auto-select from registry
platform = current_platform._enum
possible = list( POSSIBLE_NVFP4_KERNELS.get(platform, []))

tests/vl/determinism/test_nvfp4_batch_invariant_scaled_mm.py

B MR, I8E NVFP4 CUTLASS GEMM # batch invariance B



@pytest.mark.parametrize("dtype", DTYPES)
@pytest.mark.parametrize("shape", CONSISTENCY_SHAPES)
@torch.inference_mode()
def test_nvfp4_gemm_batch_invariance(
dtype: torch.dtype,
shape: tuple[int, int, int],
) -> None:
"""Batch invariance: each row of a ful-M GEMM matches its M=1 counterpart.

For row i, compares cutlass_scaled_fp4_mm run once over all M

rows against a separate call with A sliced to a_dtypeli : i+1].

Catches kernels whose reduction or scheduling depends on M or adjacent
rows.

seed = int(os.getenv("VLLM_TEST_SEED", "12345"))
set_random_seed(seed)

m, n, packed_k = shape

k = packed_k * 2 # real K (FP4 elements)

a_dtype = torch.randn((m, k), dtype=dtype, device="cuda")
b_dtype = torch.randn((n, k), dtype=dtype, device="cuda")

a_global_scale = get_nvfp4_global_scale(a_dtype)
b_global_scale = get_nvfp4_global_scale(b_dtype)
alpha = 1.0 / (a_global_scale * b_global_scale)

b_fp4, b_scale_interleaved = ops.scaled_fp4_quant(b_dtype, b_global_scale)

a_fp4_full, a_sf_full = ops.scaled_fp4_quant(a_dtype, a_global_scale)
out_full = ops.cutlass_scaled_fp4_mm(
a_fp4_full, b_fp4, a_sf full, b_scale_interleaved, alpha, dtype,

for i in range(m):
a_row = a_dtypeli : i + 1]
a_fp4_row, a_sf row = ops.scaled_fp4_quant(a_row, a_global_scale)
out_row = ops.cutlass_scaled_fp4_mm(
a_fp4_row, b_fp4, a_sf_row, b_scale_interleaved, alpha, dtype,

# ZITWI S . 7 batch-invariant X T, M=1 fo M=full % | TR AESE
assert torch.equal(out_full[i], out_row[0]), (
f'VLLM_BATCH_INVARIANT: row {i} differs between M={m} and M=1:"
f'max_abs_diff={(out_full[i] - out_row[0]).abs().max().item()}"
)
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