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1. ¥ CUDA #Z%#k (csrc/libtorch_stable/fp32_router_gemm.cu) : £t MiniMax-M2
HEE4E (H=3072, E=256, M<=32) ELIEEE FP32 GEMM, ¥ bf16 #n fp32 &
M, REWHBRLA fp32,

2. 3B E X3EME (viim/_custom_ops.py) : i fp32_router_gemm EEIEX
fp32_router_gemm_fake FAF torch.compile EfH¥K,

3. ¥ RIAAE (vlim/model_executor/layers/fused_moe/router/gate_linear.py) : &
Gatelinear.forward H#E — % fp32 £/ kernel {RE, HMA eligibility 1882& (
SMA0+. IE bias. ¥HEE. batch<32) ,

4. EECAET (viim/model_executor/models/minimax_m2.py) : I EM
ReplicatedLinear &#t X Gatelinear, #KRF5h hidden_states.to(torch.float32) ##,

5. MERE (CMakelists.txt. cmake/utils.cmake) : & CUDA JRELF R0
cuda_archs_sm90plus &%k &1L ZE MM

6. EAEGMR: F3 benchmarks/kernels/benchmark_router_gemm.py & & M EExTEL,
tests/kernels/test_fp32_router_gemm.py 7& 2% IE#EIIE,

RS
« vllm/model_executor/layers/fused_moe/router/gate_linear.py (3 MoE & ; L3I

source; A core-logic; &5 fp32_router_gemm_dispatch_impl,
fp32_router_gemm_dispatch_fake, FP32_SUPPORTED_NUM_EXPERTS,

FP32_SUPPORTED_HIDDEN_SIZES) : #WiRER, ¥ fp32 €8 kernel 1y



eligibility ¥&5 forward # Tier 2 4%

« vlim/_custom_ops.py (13 BE X#ME; £F source; £R core-logic; FE
fp32_router_gemm, fp32_router_gemm_fake) : Mt fp32_router_gemm B & XIZEIER
H fake SZE, 1EA Python 5§ CUDA kernel B9#3

« benchmarks/kernels/benchmark_router_gemm.py (3t EEMR; 35| source; £KH
entrypoint; 5 FP32_SUPPORTED_NUM_EXPERTS,
FP32_SUPPORTED_HIDDEN_SIZES, FP32_MAX_TOKENS, get_benchmark) : ¥3gtEE
FHAEBA, HE fp32 kernel 5HMEEH GEMM BxTEL

. tests/kernels/test_fp32_router_gemm.py (FE3k ZFFOMR; K5 test; LA
test-coverage; 5 _requires_smd0, ref, test fp32_activation, test_bf16_activation)
: BS4F fp32 router gemm AR, dtype RIKM(ENEE

« csrc/libtorch_stable/fp32_router_gemm.cu (#3k CUDA #%; 25| other; FER
entrypoint) : Ei& GEMM By CUDA R EKZH, R WMREFTE

« csrc/libtorch_stable/fp32_router_gemm_entry.cu (13 CUDA A0 ; 2£5%| other; £
entrypoint) : CUDA kernel B torch 48 A0, SZME-F M

« vlim/model_executor/models/minimax_m2.py ({Eik ERER; 25| source; LA
data-contract; 5 Gatelinear) : RO, ¥ 1EEB#A Gatelinear ##KRFoh
fp32 #H#r

« cmake/utils.cmake (#3k ¥MEBE; £5| infra; 2R configuration; &5
cuda_archs_sm90plus) : %0 cuda_archs_sm90plus &%k, &1L SMI0+ ZEHF&M

« CMakelists.txt (#3k MZEEBE; X5 infra; £ configuration) : &£
fp32_router_gemm JRE EMIZ AL

KBS fp32_router_gemm, fp32_router_gemm_fake, Gatelinear.forward,
fp32_router_gemm_dispatch_impl, fp32_router_gemm_dispatch_fake, get_benchmark

KBRAL B EX
viim/model_executor/layers/fused_moe/router/gate_linear.py

BAREE, 33 fp32 £/ kernel B eligibility #£& %5 forward & Tier 2 4%

# file: vllm/model_executor/layers/fused_moe/router/gate_linear.py (partial)

class GatelLinear(ReplicatedLinear):
# FP32 £ kernel BIEEAR
FP32_SUPPORTED_NUM_EXPERTS = [256]
FP32_SUPPORTED_HIDDEN_SIZES = [3072]
FP32_MAX_TOKENS = 32

def forward(self, x: torch.Tensor) -> torch.Tensor | tuple[torch.Tensor, Parameter | None]:
# Tier 1: DSV3 £ A kernel (DeepSeek V3)
if self.allow_dsv3_router_gemm and x.shape[0] <= 16:
output = ops.dsv3_router_gemm(
hidden_states=x,
router_weight=self.weight,



output_dtype=torch.float32,
)

return output, None

# Tier 2: FP32 £ kernel (MiniMax-M2, H=3072, E=256, M<=32)

# B A B ZEX op 1#48 torch.compile REARLEIZITH token o X%

if self.allow_fp32_router_gemm and x.dtype in (torch.float32, torch.bfloat16):
output = torch.ops.vlim.fp32_router_gemm_dispatch(x, self.weight)
return output, None

# Tier 3: cuBLAS bf16xbf16—fp32 (SMJ0+ BRREE bf16)

if self.allow_cublas_router_gemm and x.dtype == torch.bfloat16:
output = torch.ops.vlim.cublas_router_gemm(x, self.weight)
return output, None

# Tier 4: B3| EE F.linear
return super().forward(x)

vlim/_custom_ops.py

JEM fp32_router_gemm B EXIEERHE fake B, 1EAN Python 5 CUDA kernel B4R

# file: vllm/_custom_ops.py (partial)

def fp32_router_gemm(
hidden_states: torch.Tensor,
router_weight: torch.Tensor,
) -> torch.Tensor:
# HEHE: shape (batch_size, num_experts), #8244 fp32
output = torch.empty(
hidden_states.shape[0],
router_weight.shape[0],
device=hidden_states.device,
dtype=torch.float32,
)
# A HAJEE CUDA kernel
torch.ops._C.fp32_router_gemm(output, hidden_states, router_weight)
return output

# SEM fake op AT torch.compile WEIHETE
if hasattr(torch.ops, "_C") and hasattr(torch.ops._C, "fp32_router_gemm"):

@register_fake("_C::fp32_router_gemm")
def fp32_router_gemm_fake(

output: torch.Tensor,

mat_a: torch.Tensor,

mat_b: torch.Tensor,
) -> None:

return



benchmarks/kernels/benchmark_router_gemm.py
P e B A, WE fp32 kernel 5HAEEH GEMM BxttL

# file: benchmarks/kernels/benchmark_router_gemm.py (partial)

# fp32 L kernel X IFHE
FP32_SUPPORTED_NUM_EXPERTS = [256]
FP32_SUPPORTED HIDDEN_SIZES = [3072]
FP32_MAX_TOKENS = 32

def get_benchmark(model, max_batch_size, trust_remote_code):
@triton.testing.perf_report(...)
def benchmark(batch_size, provider):
# ... FRATECE ...
is_fp32_router_model = (
is_hopper_or_blackwell
and num_experts in FP32_SUPPORTED_NUM_EXPERTS
and hidden_size in FP32_SUPPORTED_HIDDEN_SIZES
)

allow_fp32_router_gemm = is_fp32_router_model and batch_size <= FP32_MAX_TOKENS

if provider == "torch":
def runner():

if allow_fp32_router_gemm:
F.linear(mat_a.float(), mat_b) # torch ME:R 3| F5h fp32 ##

elif has_bias:
F.linear(mat_a, mat_b, bias)

else:
F.linear(mat_a, mat_b)

elif provider == "vlim":
def runner():

if allow_dsv3_router_gemm:
ops.dsv3_router_gemm(mat_a, mat_b, torch.bfloat16)

elif allow_fp32_router_gemm:
ops.fp32_router_gemm(mat_a, mat_b) # {E R kernel

elif allow_gpt_oss_router_gemm:
ops.gpt_oss_router_gemm(mat_a, mat_b, bias)

elif is_fp32_router_model:
F.linear(mat_a.float(), mat_b) # batch>32 Bt EIR

else:
F.linear(mat_a, mat_b)

# .. BUTEARIITE TFLOPs ...
PR AL

« bias FrirER%k: claude[bot] F& & allow_fp32_router_gemm K& not bias, "REFEK
bias # A, ¥iL/5 BRI not bias &,



« CMake E 8338 gemini-code-assist Z T SMI0+ ZEAIFEMIRER A R, &6E
cuda_archs_sm90plus X4 Harry-Chen 89 SM120 X £,

« TUAR if-pass: minimax_m2.py $7% 8 T /E if num_tokens <= 32: pass, BIZIFEHKR,

. Benchmark E3R: claude[bot] #F8H viim provider % batch>32 RE&/DEERRM AR, &
ZARAGEN elif is_fp32_router_model: F.linear(...) %32 7 iZiEF W,

< SEBREEIR: claudelbot] $8H moe_ops.h JFBEIRE N "FP16 x FP32" 5ZFrA BF16, RILEA
HiEE,
« FP32 kernel &’V bias FF1P (correctness): B340 not bias &
- CMoke EEZHEEM (design): B412 cuda_archs_sm930plus REkFHFFHm SM120
« WA if-pass REG (style): B
« Benchmark vlim provider /) E3R (correctness): B elif is_fp32_router_model:
F.linear(mat_a.float(), mat_b) E3REEZ

. Kernel JE845E2 (documentation): RILEAFRBE, IR LIRS
« SM120 22 % (design): Bm SM120 (12.0) RIZEMFH| X

R 5 B

« RF&: XX FF SMI0+ (Hopper/Blackwell) , |H GPU EI:R 2| FA R, TXRIETIKZE.
WEERY (H=3072, E=256) , HMERRERNH. &HF & (64) TRRMEK, TIFT &
HE 16 BREMEER (+10%) , FH—FTHE, # kernel BEREESERIE
atol=2e-4 (fp32) / 2e-2 (bf16) N—3K, (EEREKIFAE kernel TTHEF|I AR E,

« B BT MiniMax-M2 ERAE SMI0+ GPU EH I MRE, X vLLM H s L8
W, BKHE (1-32) FHRA 6%-32%, TTFT BKE 4%-29%, FEKE API Fathil, #3EX
49 600 4T CUDA/C++, XdH42EET 8] fn — 3t i K/ INRS P A R,

« RFeARID: SMA0+ K% , HEEE , & &RMA , FEREHR
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