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# SPDX-License-Identifier: Apache-2.0
"""MSA (SM100/Blackwell) indexer impl for MiniMax M3.

Both sides write block scores into one unified token-major buffer

“T[total_g, H, max_k_tiles] ", then a single ~“fmha_sm100.sparse_topk_select™"
selects the top-k blocks for the whole batch (decode “[:nd]” + prefill

“[nd:]") into the shared ~“topk_indices_buffer™ . It bounds each row by its
causal page count and force-includes the init/local blocks, so the unwritten

tail of the buffer is pre-filled with ~-inf™ .

from dataclasses import dataclass

from typing import ClassVar

import torch
from vlim.config import VIImConfig

from vllm.models.minimax_m3.common.indexer import (
MiniMaxM3IndexerBackend,



MiniMaxM3IndexerDecodeMetadata,
MiniMaxM3IndexerImpl,
MiniMaxM3IndexerMetadata,
MiniMaxM3IndexerMetadataBuilder,
)
from vlim.models.minimax_m3.common.ops.index_topk import (
minimax_m3_index_decode_score,
)
from vlim.v1.attention.backend import (
AttentionBackend,
AttentionCGSupport,
CommonAttentionMetadata,
)
from vlim.v1.attention.backends.utils import split_decodes_and_prefills
from vlim.v1.kv_cache_interface import AttentionSpec

# Page size == sparse block size == index-K block; fmha tile id == M3 block id.
PAGE_SIZE = 128

# Fill for unwritten score tiles: -inf so they never win the top-k (score kernels
# only write causally-valid blocks).
_SCORE_SENTINEL = float("-inf")

# Tile (KV-block) dim of the unified score buffer, hardcoded as a cudagraph

# capture-time constant so the decode score kernel's buffer shape is frozen

# across replays. 8192 tiles == 1M tokens of context; -inf padding +

# num_valid_pages bound each row to its causal range, so shorter replays reuse
# the same buffer safely.

MAX_K_TILES = 8192

class MiniMaxM3IndexerMSABackend(MiniMaxM3IndexerBackend):

"""Indexer side - cache backend selecting the MSA builder.

@staticmethod
def get_builder_cls() -> type["MiniMaxM3IndexerMSAMetadataBuilder"]:
return MiniMaxM3IndexerMSAMetadataBuilder

@dataclass

class MiniMaxM3IndexerMSAPrefillMetadata:
"""fmha score plan + Triton top-k inputs for the prefill side (eager).
plan: dict # fmha_sm100 Planlnfo
cu_seglens_g: torch.Tensor # [num_prefills + 1] int32

prefix_lens: torch.Tensor # [num_prefills] int32
max_qguery_len: int
page_table: torch.Tensor # flat physical page indices

@dataclass



class MiniMaxM3IndexerMSAMetadata(MiniMaxM3IndexerMetadata):
"""Decode reuses the inherited base ~“decode™ " field (Triton decode metadata);
“Tprefill_msa” " carries the fmha score plan for the prefill side.
The remaining fields support the unified score buffer and single top-k pass.
prefill_msa: MiniMaxM3IndexerMSAPrefillMetadata | None = None
# Per-forward view of the builder 's persistent unified score buffer
unified_scores: torch.Tensor | None = None

nnn

max_k_tiles: int = 0

# Batch-wide inputs for sparse_topk_select

topk_cu_seglens_g: torch.Tensor | None = None

topk_prefix_lens: torch.Tensor | None = None

topk_max_query_len: int = 0

# Per-token causal page count cdiv(seq_pos+1, PAGE_SIZE), [total_g] int32
topk_num_valid_pages: torch.Tensor | None = None
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