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def _reference(gating_output: torch.Tensor, per_expert_scale: torch.Tensor, topk: int):

"""The previous (now fallback) torch routing function from gemma4_causal.py.
topk_logits, topk_ids = torch.topk(gating_output, k=topk, dim=-1)

[N

topk_weights = torch.nn.functional.softmax(topk_logits, dim=-1)
topk_weights = topk_weights * per_expert_scale[topk_ids].to(topk_weights.dtype)
return topk_weights.to(torch.float32), topk_ids.to(torch.int32)

@pytest.mark.parametrize("dtype", [torch.bfloat16, torch.float16, torch.float32])
@pytest.mark.parametrize("T", [1, 7, 64, 128, 1024])
@pytest.mark.parametrize("E,K", [(128, 8), (64, 4), (256, 8)])
def test_matches_reference(fused_routing, dtype, T, E, K):
torch.manual_seed(0)
g = torch.randn(T, E, dtype=dtype, device="cuda")
s = torch.rand(E, dtype=dtype, device="cuda") * 2.0

ref_w, ref_i = reference(g, s, K)
out_w, out_i = fused_routing(g, s, K)

assert out_w.dtype == torch.float32
assert out_i.dtype == torch.int32
assert out_w.shape == (T, K)
assert out_i.shape == (T, K)

# RIFHA dtype REERE (fused kernel £/ fp32 softmax, ZE{E A dtype)
if dtype == torch.bfloat16:
atol, rtol = 5e-3, 5e-3
elif dtype == torch.float16:
atol, rtol = 1e-3, 1e-3
else:
atol, rtol = 1e-5, 1e-5

if (out_i = ref_i).any():
# tie-break FEESEINF AR, (EEELHAEE
ref_set = ref_i.sort(dim=-1).values
out_set = out_i.sort(dim=-1).values



assert torch.equal(out_set, ref_set), "fused routing picked a different top-K set"
torch.testing.assert_close(
out_w.sum(dim=-1).to(torch.float32),
ref_w.sum(dim=-1).to(torch.float32),
atol=atol, rtol=rtol,
)
else:
torch.testing.assert_close(out_w, ref_w, atol=atol, rtol=rtol)

def test_scale_applied(fused_routing):
"""Weights must include per_expert_scale[topk_ids]."""
torch.manual_seed(1)
T,E,K=4,128, 8
g = torch.randn(T, E, dtype=torch.bfloat16, device="cuda")
s = torch.rand(E, dtype=torch.bfloat16, device="cuda") * 3.0

out_w, out_i = fused_routing(g, s, K)

ref_w, ref_i = reference(g, s, K)
torch.testing.assert_close(out_w, ref_w, atol=5e-3, rtol=5e-3)
assert torch.equal(out_i, ref_i)
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def routing_function(
hidden_states: torch.Tensor,
gating_output: torch.Tensor,
topk: int,
renormalize: bool, # Gemma4 #4& True; softmax 1B NXEEI— LKL
) -> tuplef[torch.Tensor, torch.Tensor]:
# BRIRERIZ: B AE CUDA B dtype X3F, RAEA Triton kernel
if (
gating_output.is_cuda
and gating_output.dim() ==
and gating_output.dtype
in (torch.float16, torch.bfloat16, torch.float32)

return gemma4_fused_routing(gating_output, per_expert_scale, topk)

# EIRBE/Z: {EH torch.topk + softmax + scale

topk_logits, topk_ids = torch.topk(gating_output, k=topk, dim=-1)

topk_weights = torch.nn.functional.softmax(topk_logits, dim=-1)

topk_weights = topk_weights * per_expert_scale[topk_ids].to(topk_weights.dtype)
return topk_weights.to(torch.float32), topk_ids.to(torch.int32)
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