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FlashAttentionDiffkVBackend BR Ash A% FE—RER P 2 F B NiEE DIiffKV &3k,
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« vlim/v1/attention/backends/triton_attn_diffkv.py (13 SEEAE; %8| source; LR
dependency-wiring; fF%5 TritonAttentionDiffKVMetadataBuilder, init,
TritonAttentionDiffKVBackend, set_head_size_v) : #3EH Triton DiffKV ST E A EIHE
X, B backend 2. metadata builder KL% backend 30523,

« vlim/v1/attention/ops/triton_unified_attention_diffkv.py (#3k STEARAZ: EF infra;
A infrastructure; &5 kernel_unified_attention_diffky,
kernel_reduce_segments_diffkv, unified_attention_diffkv) : Triton DiffKV 3 & 4% R %Kk

B2, ®4& 2D/3D launch #o reduce WA,
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« vlim/model_executor/models/mimo_v2.py (#E3k #RIHFTE: KB source; EA
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vlim/v1/attention/backends/flash_attn_diffkv.py (#£3% SFEHE; £5| source; &
core-logic; &5 is_supported_on_current_device) : A FlashAttention DiffKV ja3#
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vlim/v1/attention/backends/registry.py ({£3k SEMF; 5] source; FEA core-logic)
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. .buildkite/test_areas/kernels.yam| (#&3k CI B2E; 25| config; &R configuration) :
CI B2 E 7D DiffkV MR,
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viim/v1/attention/backends/triton_attn_diffkv.py

FTHEEY Triton DIffKV SEE A EIRE X, ¥ backend . metadata builder LL & backend
OS2I,

# vlim/v1/attention/backends/triton_attn_diffkv.py
""Triton attention backend with different K/V head dimensions (DiffKV).

The KV cache layout is identical to ~“FlashAttentionDiffKVBackend™ ™ — K
and V are packed along the last dim:



[num_blocks, block_size, num_kv_heads, head_size_gk + head_size_v]

so existing helpers (" “triton_reshape_and_cache_flash_diffkv™ ") are reused.

from vlim.v1.attention.backends.triton_attn import (
TritonAttentionBackend,
TritonAttentionMetadataBuilder,

)

from vllm.v1.attention.ops.triton_unified_attention_diffkv import (
unified_attention_diffkv,

)

from vlim.utils.math_utils import next_power_of 2

class TritonAttentionDiffKVMetadataBuilder(TritonAttentionMetadataBuilder):
"""Override softmax buffer last-dim to head_size_v.

The parent allocates ~“softmax_segm_output™ "~ with last-dim sized to

““next_power_of _2(head_size) " (== Q/K head size). For DiffKV the

accumulator and per-segment partial outputs are V-shaped, so we

re-allocate with ~“next_power_of 2(head_size_v) " instead.

def __init_ (
self,
kv_cache_spec: AttentionSpec,
layer_names: list[str],
vlim_config: VIImConfig,
device: torch.device,

super().__init__(kv_cache_spec, layer_names, vllm_config, device)
head_size_v = TritonAttentionDiffKVBackend.head_size_v
# xB: HR softmax FIEBHELEILE V B head size, MIE Q B head size
head_size_v_padded = next_power_of 2(head_size_v)
self.softmax_segm_output = torch.empty(
(self.seq_threshold_3D, self.num_heads_g,
self.num_par_softmax_segments, head_size_v_padded),
dtype=torch.float32, device=device)

class TritonAttentionDiffKVBackend(TritonAttentionBackend):
# V head dim — set per layer via ~“set_head_size_v" " before instantiation.
head_size_v: int = 128
# FR#&| KV cache dtype, BARXIFEN cache
supported_kv_cache_dtypes: ClassVar[list[CacheDType]] = ["auto", "bfloat16"]

@classmethod
def set_head_size_v(cls, head_size_v: int) -> None:
cls.head_size_v = head_size_v



@staticmethod
def get_name() -> str:
return "TRITON_ATTN_DIFFKV"

@staticmethod
def get_impl_cls() -> type['TritonAttentionDiffKVImpl"]:
return TritonAttentionDiffKVImpl

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

# KV cache shape A [num_blocks, block_size, num_kv_heads, hgk + hv]

@staticmethod

def get_kv_cache_shape(...):
return (num_blocks, block_size, num_kv_heads, head_size + TritonAttentionDiffKVBackend.
head_size v)

vlim/v1/attention/ops/triton_unified_attention_diffkv.py
Triton DiffKV ZEAZREKAIZIH, ®E 2D/3D launch #1 reduce Mk,

# vllm/v1/attention/ops/triton_unified_attention_diffkv.py
# (AR RREL 5HE )

@triton.jit
def kernel_unified_attention_diffkv(
# S
output_ptr, segm_output_ptr, segm_max_ptr, segm_expsum_ptr,
query_ptr, key_cache_ptr, value_cache_ptr,
sink_ptr, block_tables_ptr, seq_lens_ptr, alibi_slopes_ptr,
# IRESHK
scale, softcap,
# mIFHAEE
num_query_heads: tl.constexpr,
num_queries_per_kv: tl.constexpr,
BLOCK_SIZE: tl.constexpr,
HEAD_SIZE_QK: tl.constexpr, HEAD_SIZE_V: tl.constexpr,

"ESTRAEA: X$F 2D (EESHE) 5 3D (BEakTEER) AAER.

K5 V ME— packed cache & R R H IRER,
Atk key cache_ptr 7 value_cache_ptr 386 B —&F AR 1R,
# Bt it 8 5783%

pass

@triton.jit
def kernel_reduce_segments_diffkv(



segm_output_ptr, segm_max_ptr, segm_expsum_ptr,

output_ptr,

num_query_heads: tl.constexpr,

HEAD_SIZE_V: tl.constexpr, HEAD_SIZE_V_PADDED: tl.constexpr,

""¥ 3D MR T HARERTAB|RALHMH, "

pass

def unified_attention_diffkv(
query, key_cache, value_cache,

) -> torch.Tensor:
""Python 3 & ¥k, ¥4 2D s 3D launch %%, """
# ARIE batch KAINVRERBFHER,
if batch_invariant:
#...
pass

tests/kernels/attention/test_triton_unified_attention_diffkv.py
LB MR, 5 FlashAttention 34THUEXTLIRIE

# tests/kernels/attention/test_triton_unified_attention_diffkv.py

@pytest.mark.parametrize(
"seq_lens",
[
[(1, 1328), (5, 18), (129, 463)], # mixed prefill + decode
[(1, 523), (1, 37), (1, 2011)], # decode-only (3D path)

)
@pytest.mark.parametrize("num_heads", [(4,4), (8,2), (5,1)])
@pytest.mark.parametrize("head_sizes", [(128,128), (192,128)])
@pytest.mark.parametrize("block_size", [16])
@pytest.mark.parametrize("sliding_window", [None, 128])
@pytest.mark.parametrize("soft_cap", [None, 50.0])
@pytest.mark.parametrize("seq_threshold_3D", [0, 8])
@torch.inference_mode()
def test_triton_unified_attn_diffkv_vs_fa(

seq_lens, num_heads, head_sizes, sliding_window, soft_cap, block_size, seq_threshold_3D

""BIE Triton DiffKV MAMIE S FlashAttention B9 ME, "
head_size_gk, head_size_v = head_sizes
# 35T FA BRAZHF
fa_version = get_flash_attn_version(head_size=head_size_gk, head_size_v=head_size_v)
if not is_flash_attn_varlen_func_available() or fa_version not in (3, 4):
pytest.skip(f"FA DiffKV needs FA3/FA4 (got {fa_version})")

from vlim.v1.attention.backends.fa_utils import flash_attn_varlen_func

# MzERENLE SR KV cache



query = torch.randn(sum(query_lens), num_query_heads, head_size_gk, dtype=torch.bfloat16)
# KV cache A packed %=

kv_cache = torch.randn(NUM_BLOCKS, block_size, num_kv_heads, head_size_gk + head_size_
v, dtype=torch.bfloat16)

# ... M3& block_tables, cu_seqglens &

# 1. Triton WA

triton_output = unified_attention_diffkv(query, key_cache, value_cache, ...)
# 2. FlashAttention &4
fa_output = flash_attn_varlen_func(query, key _cache, value_cache, ...)

# 3. AMIRERE

assert torch.allclose(triton_output, fa_output, atol=1e-3, rtol=1e-3)

b XA

« KV cache dtype %3F: gemini-code-assist i supported_kv_cache_dtypes &R/
float16, 53X8Ff&E; chatgpt-codex-connector #H—3¥15H B R bfloat16 €&
triton_reshape_and_cache_flash_diffkv BB E kMM, AKRIE PR #1868, 1EX
BXIFR & &I,

« supports_attn_type % : gemini-code-assist 22N E AFR#|A decoder-only; mgoin E
R “Shouldn't we just set this support for attn_type in supports_attn_type?”, &£ %[
BEREREIE K,

« BMHRER: mgoin EREDEINE FA XELEY unit test, MEEWRNERMT
test_triton_unified_attention_diffkv.py, B&42@E 5T,

« batch invariant #%8: mgoin 8 W& batch invariant %438, EERE (“‘good
point”) , {& PR ¥R3EM, ITXI/E LR,

« KV cache dtype XFIFRTE (correctness): PR RIEEZ M, &HEHEZURIMRE (X
auto/bfloat16) 1EA B4 limitation,

« B/)> supports_attn_type BEREBZ (design): PR XFRIEZE, mgoin AR LT
backend XA T decoder, BE#xERAKFHKES, AWEZ

« 05 FA XTELBYE TR (testing): EBEEEUAM T test_triton_unified_attention_dif
fkv.py, BEE&2@ESEHI MR,

- RAZERD> batch invariant B3 (correctness): PR ki Z38 4, iTXI/E4 PR &b3E,

R 5 8

o QS
« F13E Triton AR ENF: 529 T8 Triton MREKAEE LI, H &K 2D/3D launch 3%
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. supports_attn_type &tk : KERIIR encoder £H, BRYRMLISK S, BEEREE
B EREORE,
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RS,
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- AP ®W: MiMo-V2.5 A FILE T A Blackwell (SM12x) GPU EE®ETHEA, TLE
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