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MAC-Attention is:

« Training-free acceleration strategy for LLM decoding.

« Faster than the latest SGLang + Flashinfer on Hopper
GPUs from 64K and above.

« Compatible to chunked prefill, continuous batching,

speculative decoding, PD disaggregation, MHA/GQA, etc.

« Verified on LongBench v2, Ruler, LongGenBench.

» Not numerically identical to full attention.

« Not a down-sampling attention design.
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MAC-Attention —-- Match e

* |[n Transformer, we have KV cache.

« Now, let’s assume we also cache Q and Attention output along with KV.

KV cache | |




MAC-Attention —-- Match -0

« When decoding a new token Q,,, we first find the most similar previous query Q,,, in Q cache.

Q cache | !\ J

Cosine, L1,L2,LSH

Attnresult | i
Apn

- Then we retrieve the attention result 4,,, corresponding to Q,,.



MAC-Attention —-- Match -0

« A, stands for the attention result of Q,,, attending to KV,..,,.

Q cache | !\ J i

Cosine, L1,L2,LSH

KV cache | E |
0 m:

Attn result | i

mKT~m
o Ay = Attn(Q, Kooy Vo) = Softmax (QTZ) Vom

« How does 4,, help us in decoding Q,,?
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MAC-Attention —-- Complete -

* Now, for our new token Q,,, the vanilla full attention is:

Qn
Q cache | | B
KV cache | [
\ : J

n

= _ QnKgn
o A, = Attn(Q,, Kyn,Vo-n) = softmax T Von
« However, A, can also be written as:
A, = Attn(Q,, Koy Vorn ) DALtN(Q4, Kooty Vi o) @ denotes online attention update

Qn
/l
KV cache | | [l B

0 n



MAC-Attention —-- Complete -

» Now, recall that previously we have identified Q,,, which is numerically similar to Q,,.

Q cache |
0

Cosine, L1,L2,LSH

« Thus, given Q,,, = Q,,, we have:

An = Att?’lK0~m, V0~m)®Attn(Qn: Km~n: Vm~n)

|

~ Attn @] K-, Vo) DAL Qs Koo Vi)
= A DALt (Qpy, Ky, Vm~n)4‘§/ We only need to access and compute KV fromm to n

Attn cache | || |
0 A, n




MAC-Attention —-- Complete -

* The two parts can run in parallel:

A, = Ay ®Attn(Qn, Kimery Vier)

Computing
Qm Computing
Matched U Qn " GPU )
‘‘‘‘‘‘ 0
"""""""""" Attn
Attn cache | | I KV cache | [ 1]
A, e ¢

> D Merge



MAC-Attention o

o A, = Ap®Attn(Qy, Kimns Vinn)

Qx
Q cache | 0
m
KV cache | | 1 0O
\ ' |
n
» Reduced ratio of FLOPs = KV skip ratio rgg, = %
« Note, m is independent of context length n.

n=64K|:@ Qx n=128K]| U Qx n=256K | Q}l Qx



MAC-Attention e

 In practice, we found that it is often very easy to match a similar Q,,,, where:

mis closeton

Qm Qm Qm
n=64K | W Q. n=128K| W Q. n=256K | W Q.

Qn

Q cache | | B
m

KV cache | N B




Implementation Practice -0

« We cannot physically cache query or attention results.

KV cache | |

Q cache I
Attn result I
\ J

Y
n—1

Too much memory overhead

« Match operation is slow and more memory-bound than attention computation.

Qm Qn
Qcache [ [ | [
m
KV cache [ ] ] B
\ ' J
n

Match to an early query won’t save enough KV cache computation.




MAC-Attention --- Match Window n-e

« We only cache the most recent K tokens.

KV cache | |
Q cache | N
Attn result | H
K
« Match and retrieve only happens within this K
window Model / Setting T K r  Overall Acc. Hit (%) Skip (%)
Full attention - - — 37.0 — -
gevici—=e547 )
MAC-Attention 0.45 | 512 . 99.5 98.9
: : MAC-Attention  0.45 256 36.6 . 99.0
- This also guarantees that attention always  yvacoattention 045 2048 256 37.6 99.6 98.8
MAC-Attention 045 4096 256 36.6 99.7 98.6

computes <= K tokens.
Qwen3-30B-A3B-Instruct on LongBench v2
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MAC-Attention —-- Amend -

« There is a critical issue:

Q cache | Q.
0

Cosine, L1,L2,LSH

 If we simply do a match and reuse of 4,,

An = Att?’lK0~m, V0~m)®Attn(Qn» Km~n» Vm~n)

|

= Attn@ K0~m, V0~m)®Attn(Qn; Km~n: Vm~n)
~ Am DAttn(Qn, Km~n» Vinn)

RoPE rotates at 0,

« The model can get trapped at position m.

Attn result | l
0

>
3
S



MAC-Attention —-- Amend

ne-e
« Assume that we want to rectify 4,, fromj, 0 <j < m.
Qm Qn
High Position. Err. |:| U
KV cache | | | |
j m n
Attn cache | [ |
0 An n

« We will remove Attn(Qum, Kjm, Vi~m) from A, then add in Attn(Qp, K<, Vjon).

WithoutAmend: 4 =~ A P Attn (an, Kpn, Vm~n)

with Amend: Ay, % Ay © ALN(Qa, Kjoin, Vi) @ Attn (Qa™, K, Vion)

@ daenotes online attention update

© denotes online attention removal



MAC-Attention —-- Amend

« Amend is crucial for MAC-Attention position quality.

Qm Qn
KV cache | | | |
j m
Attn result | [ |
0 Am n
Rectification distance LongBench
m—j Qasper NarrativeQA  Multifield_en
Baseline 44.8 281 56.0
0 36.8 24.2 51.0
16 43.2 28.0 55.3
32 43.4 27.7 55.7
64 44.2 28.6 55.9
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Experiments -

MAC-Attention Speedup to Flashinfer

The workflow is

« 1. Matching (L2, per query head)

« 2. Load Balance Planning (each query head matches to different position)

« 3. Computation (fetch, attention, amend, and merge)

« 4, Cache Updating (K window)

32K 64K 128K 256K

50 —o— MAC-Attention 99% —»— MAC-Attention 90% —— MAC-Attention 70% -%- MAC-Attention 60% Full Attention (Flashinfer) 40.55% 46-13x

rox ] MAC-Attention 95% =~ MAC-Attention 80% rihe 2691 20 zglgng;ﬁ’i—’—/'
%lf:x— ook 25T 13.21)(__,_}-?-;@3"6'5"——-4 / 15‘.09"/
%‘10"' G.SOx/M 9 ) <
e

16 32 1 2 4 8 16 32 1 2 4 8 16 32

Batch size Batch size Batch size Batch size



Experiments

Model Quality

KV % Full Attn. Quest RocketKV Multipole

MAC-Attn.
1 29.0 27.6 294 27.6 30.2
5 29.0 27.8 29.2 27.8 30.4
10 29.0 27.6 29.2 30.2 30.2
20 29.0 28.2 294 28.0 29.6
Overall accuracy on LongBench v2
KV % Full Attn. Quest RocketKV Multipole MAC-Attn.
1 2342  581.2 822.8 192.4 62.9
5 2342 5947 844.7 210.8 64.0
10 2342  608.5 1042.5 265.4 78.1
20 2342 6405 1855.6 324.6 103.8

End-to-end Attention Latency (us) on 120K context

158-©
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