PR #41922 REIRLE

vlim-project/vlim
[CPU] Add MXFP4 W4A16 MoE support
&3 rtlE]: 2026-05-18 18:04

JRSCEESE: http://prhub.com.cn/vlim-project/vlim/pull/41922

PATHE

. —A]iE: CPU #13 MXFP4 W4A16 Fid MoE WAz

< EFESE: ESKEIE, % PR BEE TR T WA vLLM Eik{b MoE M T EKR— NN E
a3 (MXFP4) , #5& C++ B2, Python BB H. MREMS HESLEK,
CPUExpertsMxfp4 £893E 0 LA N TEAN LGRS Z,

ThRES EAL

&AL SGLang PR#16775 (sgl-project/sglang/pull/16775) , ¥ MXFP4 W4A16 E1LEE/15]
A VLLM CPU 538, 1£ openai/gpt-oss-20b E AKFAE MoE #EABEE CPU LU 4-bit E3D
17, EEREAAE SR ETH

SR

1. 33 CPU MXFP4 %25 1 vlim/model_executor/layers/fused_moe/experts/cpu_moe.
py HiRI CPUExpertsMxfp4, #7& FusedMoEExpertsMonolithic, 52,
_supports_activation. _supports_quant_scheme &0, H&EE
prepare_mxfp4_moe_layer_for_cpu R H T VNNI-prepack IXEfn scales,

2. EBEER: & vlm/model_executor/layers/fused_moe/oracle/mxfp4.py $#3g
Mxfp4MoeBackend.CPU #%8, backend_to_kernel_cls 4%
select_mxfp4_moe_backend CPU iRB|ZIE AR mxfp4_round_up_hidden_size_and_inte
rmediate_size FXFA R (BLOCK N=32) , F#&E make_mxfp4_moe_quant_config
#hn CPU X ¥,

3. C++ WEZAL: ¥4 csrc/cpul/sgl-kernels/moe_fp8.cpp HH
fused_experts_fp8_kernel_impl 521t A fused_experts_fp_kernel_impl, B3R S3K
packed_t/param_t/is_mxfp4 %X 3F FP8 #n MXFP4 MfP#k3IEL R, 3 MXFP4 £ H
kernel AB, FHE*t scale IRfEitE. packed K FKERITRMAER,

4. BBHEIB LMY B T csrc/cpu/sgl-kernels/gemm.h H## CPUAcTMethod &35,
CPUQuantMethod::MXFP4. convert_scale_packed R#kEBH, VAKX tinygemm_kernel Xt

MXFP4 B9E2; 7 gemm_fp8.cpp/moe.cpp/moe.h H3&hnxt S S2H,,

5. MREMEY E: RIBRIENRXH tests/kernels/moe/test_cpu_fp8_fused_moe.py, #iE
tests/kernels/moe/test_cpu_quant_fused_moe.py, £—& = FP8 W8A16 5 MXFP4
W4A16 A kernel, &4 MXFP4QuantizeUtil TEEFfZ 48 shape SEALMR.



6. FEEFHEF: & csrc/cpultorch_bindings.cpp F4RE convert_scale_packed, #&
vlim/_custom_ops.py 5 H CPUQuantMethod.MXFP4,

R

« vlim/model_executor/layers/fused_moe/experts/cpu_moe.py (R EFfER; K5
source; EH data-contract; F5 prepare_mxfp4_moe_layer_for_cpu,
CPUExpertsMxfp4, init, expects_unquantized_inputs) : #&:& Python #3k: 33g
CPUExpertsMxfp4 2£5 prepare_mxfp4_moe_layer_for_cpu &%k, 523, MoE £ X E#
O,

. tests/kernels/moe/test_cpu_quant_fused_moe.py (#E3k BMAMIR; K5 test; LR
test-coverage; 5 _silu_and_mul, _prepack_experts, _block_dequant_weight,
ref_w8a16_block_fp8_moe) : FHEMRAX M, %—BFE FP8 W8A16 fu MXFP4 W4AT6
FP MoE WA, H-&tEEAMEREMR,

. tests/kernels/moe/test_cpu_fp8_fused_moe.py (1R FP8 MR; 27| test; £R
deletion; %5 _silu_and_mul, _block_dequant_weight, ref_ w8a16_block_fp8_moe,
_make_fp8_moe_weights) : RIFRIEEY FP8 T HAMR X, & F 4,

« csrc/cpu/sgl-kernels/moe_fp8.cpp (#3k CPU WA%; 2%l source; 2R core-logic; &
5 fused_experts_fp_kernel_impl) : C++ W2t % FP8 £ H kernel M AR, X
£ MXFP4,

« vlim/model_executor/layers/fused_moe/oracle/mxfp4.py (#i3k MoE B e : 25| source
; BA data-contract; 5 Mxfp4MoeBackend.CPU, backend_to_kernel_cls,

select_mxfp4_moe_backend, mxfp4_round_up_hidden_size_and_intermediate_size) :
Ja3mB&: JEM CPU R&JE MXFP4 Gk, SZIUAREFIRLIE fofe B X 5%,

KBTS prepare_mxfp4_moe_layer for _cpu, CPUExpertsMxfp4.init,
CPUExpertsMxfp4.apply, fused_experts fp_kernel_impl, convert_scale_packed,
select_mxfp4 _moe_backend, prepare_fp8 _moe_layer for_cpu

KR F B]

vliim/model_executor/layers/fused_moe/experts/cpu_moe.py

% Python fER: #73¢ CPUExpertsMxfp4 2£5 prepare_mxfp4_moe_layer_for_cpu &%k
, I MoE £RE#EO,

# SPDX-License-Identifier: Apache-2.0
"""CPU FP8 W8A16 and MXFP4 W4A16 fused MoE experts."""

import torch

import vlim.model_executor.layers.fused_moe.modular_kernel as mk

from vlim._custom_ops import CPUQuantMethod, fused_experts_cpu

from vlim.model_executor.layers.quantization.utils.quant_utils import kMxfp4Static

def prepare_mxfp4_moe_layer_for_cpu(
w13: torch.Tensor,
w2: torch.Tensor,



w13 _scale: torch.Tensor,
wZ2_scale: torch.Tensor,

) -> tupleftorch.Tensor, torch.Tensor, torch.Tensor, torch.Tensor]:
"""VNNI-prepack MXFP4 MoE weights and repack scales for CPU AMX kernel."""
# convert_weight_packed N3RS ALIE expert #E, TEZF expert f&3F
packed_w13 = torch.ops._C.convert_weight_packed(w13)
packed_w2 = torch.ops._C.convert_weight_packed(w?2)

# scale EE packing HAITEFHKER

packed_w13_scale = torch.ops._C.convert_scale_packed(w13_scale)
packed_w2_scale = torch.ops._C.convert_scale_packed(w2_scale)
return packed_w13, packed_w2, packed_w13_scale, packed_w2_scale

class CPUExpertsMxfp4(mk.FusedMoEExpertsMonolithic):
"""CPU MXFP4 W4A16 monolithic MoE experts."""

def _init_ (
self,
moe_config: FusedMoEConfig,
quant_config: FusedMoEQuantConfig,

super().__init__(moe_config, quant_config)

@property
def expects_unquantized_inputs(self) -> bool:
# NAZHEAE FP16/BF16 AN, miEEENIIE

return True

@staticmethod
def _supports_current_device() -> bool:
return current_platform.is_cpu()

@staticmethod
def _supports_activation(activation: MoEActivation) -> bool:
# X FF SiLU f2 SwiGLU
return activation in (MoEActivation.SILU, MoEActivation.SWIGLUOAI)

@staticmethod
def _supports_quant_scheme(
weight_key: QuantKey | None,
activation_key: QuantKey | None,
) -> bool:
SUPPORTED_W_A = |
(kMxfp4Static, None),
]
return (weight_key, activation_key) in SUPPORTED W_A

@staticmethod
def _supports_routing_method(



routing_method: RoutingMethodType,
) -> bool:
return routing_method in (
RoutingMethodType.EXPERT_CHOICE_ROUTING,
RoutingMethodType . ROUTED_WITH_WEIGHTS,

)

tests/kernels/moe/test_cpu_quant_fused_moe.py

MR XM, %—BE FP8 W8A16 fu MXFP4 W4A16 PR MoE A%, -84 & folt gE
Ro

# SPDX-License-Identifier: Apache-2.0
""Tests for CPU quantized fused MoE kernels (FP8 W8A16 and MXFP4 W4A16)."""

import math

import pytest

import torch

import torch.nn.functional as F

from vlim.platforms import current_platform
from vlim.utils.torch_utils import set_random_seed

if not current_platform.is_cpul():
pytest.skip("skipping CPU-only tests", allow_module_level=True)

import vllm._custom_ops as ops

if not hasattr(torch.ops._C, "fused_experts_cpu"):
pytest.skip("fused_experts_cpu op not available", allow_module_level=True)

# MXFP4 1t TH
class MXFP4QuantizeUtil:
@staticmethod
def quantize(weight: torch.Tensor) -> tuple[torch.Tensor, torch.Tensor]:
"Bk FP32 ARE N MXFP4 #5X (WAAT6 SRE(L), ™
# BARSZIVRER LB sgl-kernels

# FP8 2E X (ERARAEE)

BLOCK_SIZE = [128, 128]

_FP8_INFO = torch.finfo(torch.float8_e4m3fn)
FP8_SCALE = _FP8_INFO.max
FACTOR_FOR_SCALE = 1e-3

def test_mxfp4_cpu_fused_moe(
E:int =8,
N: int = 256,



K:int =512,
topk: int = 2,
num_tokens: int = 64,

" BOMER AR REALE N, B3 CPU fused_experts_cpu ITEH5 PyTorch ExXttl, "
torch.manual_seed(42)
hidden_states = torch.randn(num_tokens, K, dtype=torch.bfloat16)
# & MXFP4 E/AREFR scales
w1, w2, wl_scale, w2_scale = MXFP4QuantizeUtil.generate_mxfp4_weights(E, N, K)
# A CPU A
output = ops.fused_experts_cpu(
hidden_states, w1, w2, topk_weights, topk_ids,
False, ops.CPUQuantMethod.MXFP4,
w1_scale, w2_scale, None, None, [32, 32],
None, None, None, None, True)

# 55EERIE ( 5ELIR)

assert torch.allclose(output, ref_output, atol=1e-1, rtol=1e-1)
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