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# SPDX-License-Identifier: Apache-2.0
# SPDX-FileCopyrightText: Copyright contributors to the vLLM project
""W4A16 GPTQ kernel for AMD RDNA3 (gfx1100) — fp16 + bf16.""

import torch

from vllm import _custom_ops as ops

from viim.model_executor.layers.quantization.utils.quant_utils import pack_quantized_values_
into_int32



from viim.model_executor.parameter import BasevLLMParameter, permute_param_layout_
from vlim.platforms import current_platform

from vlim.scalar_type import scalar_types

from .MPLinearKernel import MPLinearKernel, MPLinearLayerConfig

class RDNA3W4A16LinearKernel(MPLinearKernel):
SUPPORTED_QUANT_TYPES = [scalar_types.uint4b8]

@classmethod
def get_min_capability(cls) -> int:
return 60 # ROCm [1#33:¥ can_implement WEY on_gfx1100() 52,

@classmethod
def can_implement(cls, ¢: MPLinearLayerConfig) -> tuple[bool, str | None]:
# X ROCm H gfx1100 L&
if not current_platform.is_rocm():
return False, "RDNA3 W4A16 kernel is ROCm-only"
from vlim.platforms.rocm import on_gfx1100
if not on_gfx1100():
return False, "RDNA3 W4A16 kernel requires gfx1100"
#REBEXREETEREF
if not (hasattr(torch.ops, "_rocm_C") and hasattr(torch.ops._rocm_C, "gptg_gemm_rdna3"))
return False, "torch.ops._rocm_C.gptg_gemm_rdna3 missing — rebuild C++ extension"
if c.act_type not in (torch.float16, torch.bfloat16):
return False, "RDNA3 W4A16 kernel only supports fp16 and bf16"
if c.weight_type not in cls.SUPPORTED_QUANT_TYPES:
return False, f"Quant type ({c.weight_type}) not supported"
if c.group_size <= 0:
return False, "does not support channelwise quantization”
if c.full_weight_shape[0] % c.group_size != 0:
return False, "Group size does not divide K"
# N AR 8 BIfEEk, R qzeros ITEITFF
if c.partition_weight_shape[1] % 8 != 0:
return False, "Output features must be a multiple of 8"
if c.has_g_idx and c.partition_weight_shape[0] != c.full_weight_shapel0]:
return False, "Act-order with TP-partitioned not supported"
return True, None

def process_weights_after_loading(self, layer: torch.nn.Module):
"ARETAE: GRER WRAFE) . TEHF, 5§ ExLlama ARHF#ERF. "
¢ = self.config
device = getattr(layer, self.w_g_name).device
if not c.zero_points:
self.w_zp_name = "qzeros"
groups = c.partition_weight_shape[0] // c.group_size
out_features = c.partition_weight_shape[1]
if c.weight_type.has_bias():



# GPTQv1 NE: HEEA = bias - 1, WAZEATRN 1
zeros = torch.full((groups, out_features), c.weight_type.bias - 1,
dtype=torch.int32, device=device)

else:

raise NotImplementedError("zero-bias 4-bit quant requires explicit zero points")
zeros = pack_quantized_values_into_int32(zeros, c.weight_type, packed_dim=1)
setattr(layer, self.w_zp_name, zeros)

#IARAERAEREEH

super().process_weights_after_loading(layer)

def apply_weights(self, layer: torch.nn.Module, x: torch.Tensor, bias: torch.Tensor | None =
None) -> torch.Tensor:

"HAT WAA16 sEfESRR, "

w_g = getattr(layer, self.w_g_name)

w_s = getattr(layer, self.w_s_name)

w_zp = getattr(layer, self.w_zp_name, None) if self.config.zero_points else None

g_idx = getattr(layer, self.w_g_idx_name, None)

return ops.gptq_gemm_rdna3(x, w_qg, w_zp, w_s, g_idx, use_v2_format=self.config.zero_

points)

tests/kernels/quantization/test_rdna3_w4al6.py

FEEHRMENR MG, BE fplo/bflo. ALER. ZF M/K/N IR, R fp32 SEXFHLE
IEARAZE .

# oS ELI, AT kernel #i
# EERMENNRBIAZS: %F 50 dequant, REPUT fp32 matmul

def _reference(
x_mk: torch.Tensor,
d_int4_kn: torch.Tensor,
scales_gn: torch.Tensor,
zeros_gn: torch.Tensor | None, # None &RXFREEIR, kernel &R E S =7
group_size: int,
bias: torch.Tensor | None,
) -> torch.Tensor:
K, N = g_int4_kn.shape
s_full = scales_gn.repeat_interleave(group_size, dim=0).to(torch.float32) # [K, N]
if zeros_gn is None:
# kernel AER: HFMEEL =7, LHFEE&L =7 + 1 =8 (weight_type.bias)
z_full = torch.full((K, N), float(WEIGHT_TYPE.bias), device=x_mk.device, dtype=torch.
float32)
else:
# NA GPTQv! +1 4 &
z_full = (zeros_gn + 1).repeat_interleave(group_size, dim=0).to(torch.float32)
w_fp = (q_int4_kn.to(torch.float32) - z_full) * s_full # [K, N] RE1L
out = x_mk.to(torch.float32) @ w_fp # [M, N]
if bias is not None:
out = out + bias.to(torch.float32)
return out.to(x_mk.dtype)



@gfx1100_only
@pytest.mark.parametrize("dtype", [torch.float16, torch.bfloat16])
@pytest.mark.parametrize("has_zp", [True, False])
@pytest.mark.parametrize("M,K,N,group_size", [
(1, 4096, 256, 128),
16, 4096, 256, 128),
128,4096, 256, 128),
1, 5120, 128, 128),
1, 11008,128, 128),

o~ o~ o~ o~

)
def test_rdna3_w4al6_matches_reference(M, K, N, group_size, has_zp, dtype):

"REEHNAR: ME GPTQ B > FIIERE -> kernel #32 -> 553"

layer, ctx = _build_layer(M, K, N, group_size, has_zp, dtype)

kernel = RDNA3W4A16LinearKernel(ctx)

kernel.process_weights_after_loading(layer)

x = torch.randn(M, K, dtype=dtype, device=device)

out = kernel.apply_weights(layer, x)

ref = reference(x, ctx["g_int4_kn"], ctx["scales_gn"], ctx["zeros_gn"], group_size, bias=ctx.
get("bias"))

# R fpl6/bf16 FHEER, rtol A 1e-2, atol 1e-2

assert torch.allclose(out, ref, rtol=1e-2, atol=1e-2), f"Mismatch for M={M}, K={K}, N={N}"

vlim/_custom_ops.py
SEMETE ROCm #AE gptg_gemm rdna3 RE fake SZH, & Python 5§ C++ AZBHFE,

# £ vlim/_custom_ops.py F (JRA gpta_gemm &I J5)

def gptg_gemm_rdna3(
a: torch.Tensor,
b_qg_weight: torch.Tensor,
b_qgzeros: torch.Tensor,
b_scales: torch.Tensor,
b_g_idx: torch.Tensor,
use_vZ2_format: bool,
) -> torch.Tensor:
"% rocm_C #AE, ZFF torch.compile 47 shape, "
return torch.ops._rocm_C.gptg_gemm_rdna3(
a, b_qg_weight, b_qgzeros, b_scales, b_g_idx, use_v2_format

# WRBEGEE, SEM fake LI (AT torch.compile shape #S)

if hasattr(torch.ops, "_rocm_C") and hasattr(torch.ops._rocm_C, "gptg_gemm_rdna3"):

@register_fake("_rocm_C::gptqg_gemm_rdna3")
def gptg_gemm_rdna3_fake(

a: torch.Tensor,

b_g_weight: torch.Tensor,

b_qgzeros: torch.Tensor,

b_scales: torch.Tensor,



b_g_idx: torch.Tensor,
use_vZ2_format: bool,
) -> torch.Tensor:
return torch.empty(
(a.size(0), b_qg_weight.size(1)), dtype=a.dtype, device=a.device

)
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