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@dataclass(frozen=True)
class MambaConvSplitInfo:
"""Per-rank byte sizes of the 3 conv sub-projections.

Used by both P and D sides for NIXL descriptor registration.
All fields are LOCAL to this engine's TP (already divided by TP size).

DS memory layout within one page (contiguous):
Mamba2: |- x —-I-B-I-C - (B == C)
GDN: - Q-I-K-lI--V - (dim(Q)==dim(K), V may differ)

conv_rows: int # conv_kernel - 1 (typically 3)

local_proj_dims: tuplelint, int, int] # per-rank column counts per sub-proj
conv_dtype_size: int # bytes per element (e.g. 2 for float16)

ssm_sizes: tuplelint, int] # (conv_state_bytes, ssm_state_bytes)

@property
def local_conv_dim(self) -> int:
"""Total conv columns per rank.""



return sum(self.local_proj_dims)

@property

def proj_bytes(self) -> tuple[int, int, int]:
"""Byte sizes of the 3 sub-projections for one rank."""
row_bytes = self.conv_rows * self.conv_dtype_size
return tuple(d * row_bytes for d in self.local_proj_dims)

@property

def local_conv_offsets(self) -> list[tuple[int, int]]:
""(byte_offset, byte_size) of each sub-projection within this engine's page."""
convO, convl, conv2 = self.proj_bytes
return [(0, conv0), (conv0, conv1), (conv0 + convl, conv2)]

def remote_conv_offsets(self, local_rank_offset: int, tp_ratio: int) -> list[tuple[int, int]]:
""(byte_offset, byte_size) of this D rank's sub-projection slices within one P page."""
conv0, convl, conv2 = self.proj_bytes
if tp_ratio >= 1:
# D_TP >= P_TP: P page is larger, D reads its slice.
remote_conv0 = conv0 * tp_ratio
remote_convl = convl * tp_ratio
return [
(local_rank_offset * conv0, conv0),
(remote_conv0 + local_rank_offset * conv1, convl),
(remote_conv0 + remote_convl + local_rank_offset * conv2, conv2),

]
else:
# tp_ratio < 0 means P_TP > D_TP, so P pages are smaller than D's.
# Scale down by Itp_ratiol to get P-sized offsets.
abs_ratio = -tp_ratio
remote_conv0 = conv0 // abs_ratio
convl // abs_ratio
remote_conv2 = conv2 // abs_ratio

remote_conv1

return |
(0, remote_conv0),
(remote_conv0, remote_conv1),
(remote_conv0 + remote_conv1l, remote_conv2),

]

def derive_mamba_conv_split(mamba_spec: MambaSpec, local_tp: int) -> MambaConvSplitInfo:
"""Derive per-rank sub-projection byte sizes from a MambaSpec.

Args:
mamba_spec: MambaSpec with shapes[0]=conv state (DS layout), shapes[1]=temporal
state.
local_tp: this engine's tensor-parallel size.

Returns:

MambaConvSplitIinfo with per-rank sub-projection dims.



_supported = (MambaAttentionBackendEnum.MAMBA2, MambaAttentionBackendEnum.GDN _
ATTN)
if mamba_spec.mamba_type not in _supported:
raise NotImplementedError(f'3-read conv transfer only supports Mamba2 and GDN, got
{mamba_spec.mamba_type}")

conv_shape = mamba_spec.shapes|[0] # (conv_dim_local, conv_rows)

assert len(conv_shape) == 2, f"Expected 2D conv state shape, got {conv_shape}"
assert is_conv_state_dim_first(), "3-read requires DS conv state layout"
local_conv_dim = conv_shape[0]

conv_rows = conv_shape[1]

conv_dtype_size = mamba_spec.dtypes|[0].itemsize

ssm_conv_bytes = local_conv_dim * conv_rows * conv_dtype_size
ssm_state_bytes = mamba_spec.shapes[1][0] * mamba_spec.shapes[1][1] * mamba_spec.
dtypes[1].itemsize

# Infer local_proj_dims based on model type
if mamba_spec.mamba_type == MambaAttentionBackendEnum.MAMBAZ:
# Mamba?2: temporal = (num_heads, head_dim) or (num_heads, head_dim, state_size)
# intermediate_size = num_heads * head_dim * n_groups_ratio
# groups_ss = ... we have intermediate_size / (hum_heads*head_dim) = n_groups
# But here we rely on temporal shape: (num_heads, head_dim, state_size) for Mamba?2
# Use known derivation from mamba_utils, assume local columns divisible by 3: x_local =
local_conv_dim // 3, etc.
# 3 columns: x, B, C where B==C
x_local = local_conv_dim // 2 # approximate, real derivation uses ssm config
b_local = (local_conv_dim - x_local) // 2
local_proj_dims = (x_local, b_local, b_local)
else: # GDN_ATTN
# GDN: temporal = (hum_v_heads, v_dim, k_dim)
# key_dim = num_v_heads * k_dim, value_dim = num_v_heads * v_dim
# conv tensor divides into Q (same size as K), K, V
# temporal shape gives num_v_heads, v_dim, k_dim
num_v_heads, v_dim, k_dim = mamba_spec.shapes|[1]
# conv dim = key_dim + key_dim + value_dim (since Q==K in GDN)
key_dim = num_v_heads * k_dim
value_dim = hum_v_heads * v_dim
# Scale to local TP
key_dim_local = key_dim // local_tp
value_dim_local = value_dim // local_tp
local_proj_dims = (key_dim_local, key_dim_local, value_dim_local)
# Note: above is simplified; actual derivation uses mamba_config.heuristic
# and may adjust for groups. The real code in the PR uses a more robust calculation.

return MambaConvSplitInfo(
CONV_rows=conv_rows,
local_proj_dims=local_proj_dims,



conv_dtype_size=conv_dtype_size,
ssm_sizes=(ssm_conv_bytes, ssm_state_bytes),

)
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@pytest.mark.cpu_test
@pytest.mark.parametrize(
"mamba_type,local_tp,conv_dim_local,conv_rows,temporal_shape,expected_proj_dims",
|

# MambaZ2: Nemotron-H-8B TP=1
pytest.param("mamba?2", 1, 10240, 3, (128, 64, 128), (8192, 1024, 1024), id="nemotron_
h_8b_tp1"),
# MambaZ2: Nemotron-H-8B TP=4
pytest.param("mamba2", 4, 2560, 3, (32, 64, 128), (2048, 256, 256), id="nemotron_h_8b_
tp4"),
# GDN: Qwen3.5-0.8B TP=1 (symmetric: num_v=num_k=16)
pytest.param("gdn_attention", 1, 6144, 3, (16, 128, 128), (2048, 2048, 2048), id=
"gwen35_08b_tp1"),
# GDN: Qwen3.5-0.8B TP=4
pytest.param("gdn_attention", 4, 1536, 3, (4, 128, 128), (512, 512, 512), id="qwen35_
08b_tp4"),
# GDN: Qwen3.5-4B TP=1 (asymmetric: num_v=32, num_k=16, K:V=1:2)
pytest.param("gdn_attention", 1, 8192, 3, (32, 128, 128), (2048, 2048, 4096), id=
"qwen35_4b_tp1"),
# GDN: Qwen3.5-27B TP=1 (asymmetric: num_v=48, num_k=16, K:V=1:3)
pytest.param("gdn_attention", 1, 10240, 3, (48, 128, 128), (2048, 2048, 6144), id=
"gqwen35_27b_tp1"),
# GDN: Qwen3.5-27B TP=8
pytest.param("gdn_attention", 8, 1280, 3, (6, 128, 128), (256, 256, 768), id="qwen35_
27b_tp8"),

)

def test_derive_mamba_conv_split(monkeypatch, mamba_type, local_tp, conv_dim_local, conv_
rows, temporal_shape, expected_proj_dims):

"""Parametrized test for derive_mamba_conv_split with real model configs."""
from vlim.distributed.kv_transfer.kv_connector.v1l.ssm_conv_transfer_utils import derive_
mamba_conv_split
from vlim.v1.attention.backends.registry import MambaAttentionBackendEnum

from vlim.v1.kv_cache_interface import MambaSpec

_TYPE_MAP = {
"mamba?2": MambaAttentionBackendEnum.MAMBAZ2,
"gdn_attention": MambaAttentionBackendEnum.GDN_ATTN,

}
mamba_type_enum = _TYPE_MAP[mamba_type]



monkeypatch.setenv("VLLM_SSM_CONV_STATE_LAYOUT", "DS")

spec = MambaSpec(
block_size=64,
shapes=((conv_dim_local, conv_rows), temporal_shape),
dtypes=(torch.bfloat16, torch.bfloat16),
mamba_type=mamba_type_enum,

)

out = derive_mamba_conv_split(spec, local_tp=Ilocal_tp)

assert out.local_proj_dims == expected_proj_dims

assert out.conv_rows == conv_rows
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