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@dataclass(frozen=True)
class MambaConvSplitInfo:
"""Per-rank byte sizes of x, B, C sub-projections in the Mamba conv state.

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 in memory):
|-— x (x_local * conv_rows) -——I- B (b_local * conv_rows) -I- C -I

conv_rows: int # conv_kernel - 1 (typically 3)

x_local: int # intermediate_size / TP (columns for x)

b_local: int # groups_ss / TP (columns for B; C is same size)
conv_dtype_size: int # bytes per element (e.g. 2 for float16)



@property

def conv_dim_local(self) -> int:
"“""Total conv columns per rank: x + B + C."""
return self.x_local + 2 * self.b_local

@property
def x_bytes(self) -> int:
"""Byte size of the x sub-projection for one rank."""
return self.x_local * self.conv_rows * self.conv_dtype_size

@property

def b_bytes(self) -> int:
""Byte size of the B (or C) sub-projection for one rank.""
return self.b_local * self.conv_rows * self.conv_dtype_size

@property
def local_conv_offsets(self) -> list[tuple[int, int]]:
"""(byte_offset, byte_size) of x, B, C within this engine's page."""
xb = self.x_bytes
bb = self.b_bytes
return [(0, xb), (xb, bb), (xb + bb, bb)]

def remote_conv_offsets(self, local_rank_offset: int, tp_ratio: int) -> list[tuple[int, int]]:
""(byte_offset, byte_size) for D rank's slice within P page."""
xb = self.x_bytes
bb = self.b_bytes
xr = xb * tp_ratio # full remote x section in bytes
br = bb * tp_ratio # full remote B section in bytes
return [
(local_rank_offset * xb, xb),
(xr + local_rank_offset * bb, bb),
(xr + br + local_rank_offset * bb, bb),

]
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#13E HeteroTPTransferConfig 38, 1EA M TP LMy E—%IER, X3I3E FA f1 Mamba 89
TR E|ZE,

def _physical_head_range(tp_size: int, num_heads: int, rank: int) -> range:
"""Physical KV head range stored in a rank's KV cache tensor.

When tp_size <= num_heads: sharded, K/TP contiguous heads per rank.
When tp_size > num_heads: 1 physical head per rank, distributed contiguously.
if tp_size <= num_heads:
assert num_heads % tp_size ==
per_rank = num_heads // tp_size
return range(rank * per_rank, (rank + 1) * per_rank)
else:



h = rank * num_heads // tp_size # GIE NELE LA, EEVLLMBAGQRARESL X
return range(h, h + 1)

@dataclass
class HeteroTPTransferConfig:
"""Precomputed transfer plan for one (D rank, P engine) pair.

Currently only instantiated for Mamba-HMA models where FA and mamba
require different splitting factors.

# MASEK

tp_ratio: int

K: int # total_num_kv_heads

d_tp: int # D engine's tensor_parallel_size

p_tp: int # P engine's tensor_parallel_size

d_rank: int # this D worker's TP rank

use_mla: bool

d_block_len: int # D's block_len_per_layer

p_block_len: int # P's block_len_per_layer
is_blocks_first: bool # kv_topo.is_kv_layout_blocks_first

#REBM, E_ post_init__HitE

d_physical_heads: int = field(init=False)

p_physical_heads: int = field(init=False)

physical_fa_num_reads: int = field(init=False)

fo_read_targets: list[int] = field(init=False) # ME—TTERFALEIP rank?|Zk
mamba_read_targets: list[int] = field(init=False) # & —TWEAMambalRASHP rank?|&

def _ post_init__(self):

"""Compute physical heads and read targets based on GQA mapping."""
self.d_physical_heads = len(_physical_head_range(self.d_tp, self.K, self.d_rank))
self.p_physical_heads = len(_physical_head_range(self.p_tp, self.K, 0)) # =3+ &
# $t—F & fa_read_targetsFamamba_read_targets, ZIEE &3

#...
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s NIXL 3H#EBEPR, &K 3-read FHZE, 3 Mamba XA EFEE
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def build_mamba_local(self, blocks_data: list[tuple[int, int, int]], base_addresses: list[int], block_
size_ratio: int) -> list[tuple[int, int, int]]:
"""Register 4 desc regions (x, B, C, ssm) per layer for local mamba blocks.

Enables 3-read transfer without permutation. Each region corresponds to
a sub-projection of the conv state in DS layout.
if not self._has_mamba or self._conv_decomp is None:
return ]
conv_decomp = self._conv_decomp



mamba_regions = ]
for base_addr in base_addresses:
# RENEEKRKETMx. B. C. ssmBEPXHE
for offset, size in conv_decomp.local_conv_offsets:
mamba_regions.append((base_addr + offset, size, block_size_ratio))
# WIMSSMX 3, {#Hconv_decomp® BssmA/NTE
ssm_offset = conv_decomp.conv_dim_local * conv_decomp.conv_rows * conv_decomp.conv_
dtype_size
mamba_regions.append((base_addr + ssm_offset, self._mamba_ssm_size[1], block_size_
ratio))
return mamba_regions

def _logical_to_remote_kernel_block_ids(self, block_ids: Blocklds, remote_ratio: int) -> Blocklds:
"""Map logical block IDs to physical kernel block IDs on the remote.

Critical for hetero-TP where remote may have different physical block layout.
Early-exit uses remote_ratio (not local_ratio) to avoid data corruption.

if remote_ratio == 1: # {&1FE: JRAlocal_ratio, ¥ 8EFEEE IR IR A ILE
return block_ids

result = ]

for group in block_ids:
mapped = [bid * remote_ratio for bid in group]
result.append(mapped)

return result
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