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"""Per-query sparse-index combiner for the FlashMLA sparse prefill path.



Adapts vlim's " “combine_topk_swa_indices™ " to sglang's flat-workspace layout.

Reference:
https://github.com/vlim-project/vlim/blob/124fac10cb0ea83aee2ffeabacO0b413db6b759b26/viim/
models/deepseek_v4/common/ops/cache_utils.py#L476

For each query token in a prefill chunk, emits one row of combined indices into the
chunk's bf16 KV workspace:

[ topk indices into compressed cache (rebased) |
[ swa positional indices (rebased) ]
[ -1 padding up to a multiple of 128 ]

The workspace is a single flat "~ (total_workspace_tokens, 512)"" tensor
formed by concatenating, per request, that request's compressed-region
gather followed by all requests' SWA-region gathers.

from dataclasses import dataclass, field
from typing import Optional

import torch
import triton
import triton.language as tl

from sglang.srt.layers.attention.dsv4.dequant_k_cache import DIM_NOPE, DIM_ROPE
from sglang.srt.utils import ceil_align

# FlashMLA sparse prefill asserts ~“params.topk % B_TOPK == 0" ".

# B_TOPK is 64 for h_qg=64 and 128 for h_g=128; pad to 128 to satisfy both.
SPARSE_PREFILL_TOPK_ALIGNMENT = 128

# Bf16 workspace per-token width, matching ~ “dequantize_k_cache_paged™ "'s
# output: 448 fp8 nope (dequanted) + 64 bf16 rope = 512.

WORKSPACE_DIM = DIM_NOPE + DIM_ROPE

def combined_topk_width(topk: int, window_size: int) -> int:
""Width of the padded combined_indices last dim that
““combine_topk_swa_indices” = would produce for these args.
return ceil_align(topk + window_size, SPARSE_PREFILL_TOPK_ALIGNMENT)

def combine_topk_swa_indices(
topk_indices: torch.Tensor,
query_start_loc: torch.Tensor,
seq_lens: torch.Tensor,
gather_lens: torch.Tensor,
compressed_base: torch.Tensor,
swa_base: torch.Tensor,
window_size: int,



compress_ratio: int,
topk: int,
out_indices: Optional[torch.Tensor] = None,
out_lens: Optional[torch.Tensor] = None,
) -> tuple[torch.Tensor, torch.Tensor]:
"""Combine topk + SWA indices into a single ~“flash_mla_sparse_fwd " row.

Args:
topk_indices: (num_tokens, K) int32, per-query indices into compressed cache
(request-local).
query_start_loc: (num_regs+1,) int32, cumulative query lengths.
seq_lens: (num_regs,) int32, full sequence lengths.
gather_lens: (num_regs,) int32, trailing tokens dequanted into SWA region.
compressed_base: (num_regs,) int32, flat offset for compressed region.
swa_base: (num_regs,) int32, flat offset for SWA region.
window_size: SWA window size.
compress_ratio: compress ratio (>=1 even when topk==0).
topk: configured topk; 0 for SWA-only layers.
out_indices, out_lens: optional preallocated buffers.
Returns:
combined_indices: (hum_tokens, padded_topk_swa) int32.
combined_lens: (num_tokens,) int32.
assert topk_indices.dtype == torch.int32
# ... kernel launch logic

python/sglang/srt/layers/attention/dsv4/dequant_k_cache.py
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from typing import Optional

import torch
import triton
import triton.language as tl

from sglang.srt.layers.quantization.fp8_kernel import is_fp8_fnuz
fp8_dtype = torch.float8 _e4m3fnuz if is_fp8 fnuz() else torch.float8_e4m3fn

# v4 KV cache layout (see dsv4.index_buf_accessor._set_k_and_s_triton_kernel):

# per-token: 448 fp8 nope + 64 bf16 rope (= 576 contiguous bytes) +

# 7 ue8mO scales padded to 8 bytes.

# per-page: [token 0..P-1 nope+rope (P*576 bytes)] [token 0..P-1 scale (P*8 bytes)]
# padded up to a multiple of 576.

DIM_NOPE = 448

DIM_ROPE = 64

TILE_SIZE = 64 # one nope scale tile = 64 fp8 values

NUM_SCALE_TILES = DIM_NOPE // TILE_SIZE # 7



NOPE_ROPE_BYTES = DIM_NOPE + DIM_ROPE * 2 # 576
PADDED_SCALE_PER_TOKEN = NUM_SCALE_TILES + 1 # 8

def dequantize_k_cache_paged(
quant_k_cache: torch.Tensor,
page_table_1_flattened: torch.Tensor,
page_size: int,
out: Optional[torch.Tensor] = None,
) -> torch.Tensor:
"""Dequantize the DeepSeek v4 paged KV cache for a list of token IDs.

Args:
quant_k_cache: (num_pages, bytes_per_page_padded) uint8.
page_table_1_flattened: (hum_tokens,) int — token IDs into the cache.
page_size: number of tokens per page.
out: optional (num_tokens, 1, DIM_NOPE + DIM_ROPE) bf16 destination.

Returns:
(num_tokens, 1, DIM_NOPE + DIM_ROPE) bfloat16.
assert quant_k_cache.is_contiguous()
assert page_table_1_flattened.dtype in (torch.int32, torch.int64)

# The buffer's dtype is whatever the pool exposes (often bf16);
# reinterpret to byte-space first.

quant_k_cache_u8 = quant_k_cache.view(torch.uint8)
num_tokens = page_table_1_flattened.shape[0]

bytes_per_page = quant_k_cache_u8.shapel[-1]

s_offset_bytes = page_size * NOPE_ROPE_BYTES

# Three typed views over the same underlying bytes.

buf_fp8 = quant_k_cache_u8.view(fp8_dtype).reshape(-1)
buf_bf16 = quant_k_cache_u8.view(torch.bfloat16).reshape(-1)
buf_uint8 = quant_k_cache_u8.reshape(-1)

if out is None:
out = torch.empty(
(num_tokens, 1, DIM_NOPE + DIM_ROPE),
dtype=torch.bfloat16,
device=quant_k_cache.device,
)
else:
assert out.shape == (num_tokens, 1, DIM_NOPE + DIM_ROPE)
assert out.dtype == torch.bfloat16

_dequantize_k_cache_paged_kernel[(num_tokens,)]( # launch one program per token
out,
buf_fp§&,



buf_bf16,
buf_uint8,
page_table_1_flattened,
out.stride(0),
BYTES_PER_PAGE=bytes_per_page,
PAGE_SIZE=page_size,
DIM_NOPE=DIM_NOPE,
DIM_ROPE=DIM_ROPE,
TILE_SIZE=TILE_SIZE,
NUM_SCALE_TILES=NUM_SCALE_TILES,
NOPE_ROPE_BYTES=NOPE_ROPE_BYTES,
PADDED_SCALE_PER_TOKEN=PADDED_SCALE_PER_TOKEN,
S_OFFSET_BYTES=s_offset_bytes,

)

return out

python/sglang/srt/layers/attention/deepseek_v4_backend.py
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# £ DSV4AttnMetadata K H8F
class DSV4AttnMetadata:
# ... existing fields ...
c4_sparse_raw_indices: Optional[torch.Tensor] = field(init=False, default=None)

# 188& init_flashmla_related U X #FFE
def init_flashmla_related(self, is_prefill: bool = False):
assert self.c4_sparse_topk in (512, 1024)
self.c4_sparse_page_indices = ... # RAIHE
if is_prefill:
# HMRTRE ZFMNIRBRI|IKE
self.c4_sparse_raw_indices = torch.empty_like(self.c4 _sparse_page_indices)
self.c1_flashmla_metadata = _create_flashmla_metadatal()
self.c4_flashmla_metadata = _create_flashmla_metadatal()
self.c128_flashmla_metadata = _create_flashmla_metadatal()

class DSV4Metadata:
core_attn_metadata: DSV4AttnMetadata
# IEMRRTUAEST (W)

sparse_prefill_cache: Optional[SparsePrefillChunkCache] = None

def copy_(self, other: DSV4Metadata):
# BR copy BUEE L&A, Hafk cuda-graph EIBREHHE

self.sparse_prefill_cache = None

# ¥ forward_prefill_sparse 3% (BAHERTEIZIE)
def _forward_prefill_sparse(self, g, layer_id, compress_ratio, forward_batch,
token_to_kv_pool, core_attn_metadata, attn_sink) -> torch.Tensor:
""Unified prefill via flash_mla_sparse_fwd kernel."""



# 1. RIS ERRICAZ T
metadata = forward_batch.metadata
if metadata.sparse_prefill_cache is None:
# ERRARNMEERT: REMFMATL. MEXRS]
workspace = dequantize_k_cache_paged(...) # 2R &1t
indices, lengths = combine_topk_swa_indices(...)
metadata.sparse_prefill_cache = SparsePrefillChunkCache(
workspace=workspace, combined_indices=indices, combined_lens=lengths)
# 2. NEGFFERIKIEHAA flash_mla_sparse_fwd
cache = metadata.sparse_prefill_cache
out = flash_mla_sparse_fwd(q, cache.workspace, cache.combined_indices, ...)
return out
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