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| At the very Beginning -

Are we able to prefill 512K tokens
within 15s?

Similar Question from Zhihu: Prefill 1M tokens in 20s
https://zhuanlan.zhihu.com/p/709928421 (by Hui Qiang)

« Common Scenario:
* Model: Llama-3.1-8B-Instruct, Float16/BFloat16 precision
« GPU: A100/A800

« Task: Context retrieval / Needle-in-a-Haystack Retrieval / Summary


https://zhuanlan.zhihu.com/p/709928421

| Vanilla Prefill

Long-context prefill is compute-bounded.

Calculating the total FLOPs (Floating point operations):

L><(4nd2 %nd2

ond

6ndl>

* n:input length, d: model dimension, I: FFN dim, L: num layers
8B model (Llama-3.1-8B-Instruct) with 512K input tokens:

e 7.94x101° FLOPs

A100/A800 can provide 312 TFLOPs per second

Unbearable!!l

Prefilling 512K tokens on single GPU: 254.51s = 4. 24 min !



| Existing methods: Overall

« Existing methods focus on Reducing Computation or Enhancing Parallelism
 Reducing Computation: Basically Impossible!!!

« Sparsity: 15s/ 254s = 6%

 LLM = Attention + FFN. Both need 6% sparsity.

 FFN: very hard. DeepseekMoE-16B: activate 8 of 64 experts = 12.5%

« Attention: also very hard. Deepseek NSA: 8.62% sparsity at 64K input
 Enhancing Parallelism: Very Expensive!!!

 We need 254s/15s = 17 A100/A800 GPUs

« An A100 GPU worth $20,000. That needs 340,000%



| Existing methods: Combination

* One natural optimization is to combine both of them. But How?
Reducing Computation + Enhancing Parallelism

» Sequence Parallelism (Enhancing Parallelism) Eél. s [E
_ o Dﬁ- L= D
» Designed for long-context training SRSV

* No sparsity at all (Full Attention)

« Sparse/Approximate Attention (Reducing Computation) Ulysses (Sequence Parallelism)

* Full sequence information - sparse pattern yontmlmper | wt JEEEN. :
« Can't be satisfied in sequence parallelism QQ @ 9

H20 (Approximate Attention)




| SP-Aware Approximate Attention

Reducing Computation + Enhancing Parallelism

« Initial attempt: StarAttn (Acharya, 2024) @ %/
« Equally split context to GPUs R A
* Apply the Anchor Block
* The first context block on GPUOQO '\ '/
 Each block only attends to itself and the anchor block T :\ UT ) [ E
L x [(SH — 4)nd? + SEtnd? + ME0ntd + (12H — 6)ndl] =
» Total FLOPs: 4.63x10'® FLOPs A

 Execute on 8 GPUs: 4.63x10'7 / (8x312T) = 18.58s > 155 @



| APB Framework: Overall
Smaller Anchor Blocks: 1/4 or 1/8 of StarAttn’s - shorter local context length

Solving long-distance dependencies: Passing Blocks

Local KV compression, light communication

Provide query information: Embed the query into the head of the anchor block

N Anchor Block:

Host 1
prfixof B, |
Computation- ] Passing Block:
Attention, MLP Host 2-
()= [
Communication - éAllGather' Host 3:
i (p)= B¢ [B¢
Block | Attention Mask:
Compression PR
A
Context_ \: ................. ! : - I ! : _' / B
Splitting xN Layers

PB




| APB Framework: Inference

« Context Splitting:
« Equally Split to each host

* Prepend an anchor block with Computation1

query embedded

Communication

Block |
Compression

Anchor Block:

Context \;.._._._4_._._._._.N._._..;24_._._._._._._4_._._._._._4 ._._._._._._4_._;2 _________________ 7/'_ ............... _: Y,

[ Prefix of BlJ 3 T S R
A - {qu . . ’qlfﬂ d17_. - ’d_la}. {A, Bh} _: {ql’ T ’qu’ dl’ T ’dla; d(h—l)lb+17 e 7dhlb}

lo = yoril, = 1l



| APB Framework: Inference

 Block Compression:

* Train retaining heads to score KV pairs  computation]

« Retain important KV pairs to compress

Communication

the KV cache sock |

Compression

« Communication:

Context |
Splitting

« AllGather and form Passing Blocks

Passing Block:
Host 2: ,—'—‘ Retaining Heads
([P |=|B¢ I"QKLI — Locret
[Qp. Kp,

.................

|P |= B¢ | BS
[HP'lﬂA]

Attention with Retaining Head




| APB Framework: Inference

 Computation:

Anchor + Passing + Context Blocks

using a specific Flash Attn kernel %mmunimﬁon-_
special attention mask COmpreEL?SE-_
Discard passing blocks after attention e
computation

Q(i):' (@) g)],

K® = [KY, K K|,

vO = VO, ve v,

. ) (D ()T .
[A&’),Agf)] — softmax (M' ® QK" KT ) VO,

[Hfj), H;g] — FFN ([Afj’, Aﬁj)]) .

)

Computation4

~
Hostl 1o Most2 5 — R —
I | N R Ty :
T E: it i
[ Attention, MLP ] [ Attention, MLP ] [ Attention, MLP ]
f f f |
[ B Ji(afe] B i[afP] B |
;; ;; EAllGather
J/

Attention Mask:

4 N\
\ Z

B

alr




| APB Framework: Inference

 Computation:

Computation4

« Anchor + Passing + Context Blocks

« using a specific Flash Attn kernel Communication-

- special attention mask e

« Discard passing blocks after attention  conex. 5

Splitting

computation

L x [4 (142455 +130) pd® +4(H - 1) (1 41 oolite) 1;;”) (2 +1,)d® + L, HH —1) (% + 1) d
Attention Mask:

A . Total FLOPs: 1.88x10'® FLOPs
‘BJ  Execute on 8 GPUs: 7.53s ©

(alr] B




| How Retaining Heads Work

Purpose:
« Select important KV pairs from each block for compression
Input: _
 Triplet: Q,K,V from the current context block s1,- -, s, = R([Qn, Kr, Vi])
Mechanism:
* Alightweight MLP outputs importance scores
output:
* Top-k KV pairs are selected as compressed cache
I sy D Inference)
. ::;dceah 3.7 (5.6 | 23| ypdat I:Aw§6h67 7.2(08
'0'5 796348 Q.K} P P PA Py | Pig i P, | Py | Py | Pis [P
-49|6.4|-9.3|12.8(-3.0 Current Chunk
+ 20 ||| s |y |2 32|67|7.2|46|08
ek | 'f-'nfnétfoés"'|;.;|';.;|‘7.;|;;‘|;.;'|];""["‘|';;|‘;;|;;'|;;[;;|j' LU
R S S N 'f _Lf[_lffl_i-ilf;_lff_lff_l____Lf_!i-il_iil_’ilff_lffl_ _____
T [(\RIAttention‘,‘} xf’: i’"E =t'1
Attention with RetainingHead ~ (CalZ2i73) 745 )20 %8) 4+ on_ G __:'_Si .b_“i.z ______

Locret: Enhancing Eviction in Long-Context LLM Inference with Trained Retaining Heads on Consumer Grade Devices



| Locret: Retaining Heads + Chunked Prefill

 Key Scenario: Deciding essential KV pairs without full sequence access
« Chunked Prefill + Eviction: Lower GPU memory usage

_ o oBench , , . L-Eval _

Phi-3-mini-128K Llama-3.1-8B-instruct Phi-3-mini-128K Llama-3.1-8B-instruct
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—-== Model Weights —-=-= Model Weights + Full KV Cache —== FullAttn Accuracy —-== Model Weights —-== Model Weights + Full KV Cache === FullAttn Accuracy

Lower GPU memory usage & comparable performance

Locret: Enhancing Eviction in Long-Context LLM Inference with Trained Retaining Heads on Consumer-Grade Devices



| Locret: Retaining Heads + Chunked Prefill

« Key Scenario: Deciding essential KV pairs without full sequence access
« Chunked Prefill + Eviction: Lower GPU memory usage

Table 3. Performance, prefill speed, and decode speed on RULER.
° C hallen g in g Tasks: RULER The best and second-highest scores among eviction-based meth-

ods in each column are highlighted in bold and underlined. “!”
indicates only testing the first 20 entries per subtask due to poor per-

¢ N eed S a Sma I I mOd |f| cation formance. FULLATTN is implemented using FLASH- ATTENTION.
. . Method | RULER-128K (%) Prefill (tok/s) Decode (tok/s)
[ J
PUttIng the query In the front FULLATTN 82.20 4319.95 12.32

MINFERENCE 72.97 7205.06 2.61

e Much better than SnapKV LOCRET-Q 75.54 9587.84 40.11
SNAPKV 48.76 4203.34 36.49
HOf 15.04 464.73 44.70
SIRLLM' 13.23 9717.41 40.86
LOCRET' 34.33 9587.09 37.38

Running RULER with KV cache eviction!

Locret: Enhancing Eviction in Long-Context LLM Inference with Trained Retaining Heads on Consumer-Grade Devices



| APB Experiment Setting

Without SP With SP

Full Attention FlashAttn RINgAttn

Ulysses

Approximate StarAttn
Attention MIinference APR




| Performance

FlashAttn: Vanilla; Ulysses, RingAttn: only SP; Minference: only sparse; StarAttn: sparse + SP

Method | RPassKkey R.Number RKV ESum EQA EMC EDia ZQA C.Debug MFind | Avg.
Llama-3.1-8B-instruct
FULLATTN | 100.00 99.49 51.00 30.59 29.04 6376 11.00 36.18 24.62 28.82 | 47.45
MINFERENCE 98.47 98.81 17.40 30.06 2642 5546 1250 36.51 28.17 32.29 | 43.61
STARATTN 100.00 98.98 40.60 30.55 30.66 6157 15.00 36.26 26.65 24.57 | 46.48
APB 100.00 98.81 81.8 30.63 2925 6332 11.00 36.99 30.46 26.86 | 50.91
Qwen-2.5-14B-instruct
FULLATTN | 100.00 100.00 17.80 27.80 1040 52.84 28.00 10.21 38.07 42.57 | 42.68
MINFERENCE 100.00 100.00 5.20 25.63 12.04 6157 16.50 11.06 41.62 48.57 | 42.22
STARATTN 100.00 100.00 18.00 2748 1244 6288 2350 11.03 43.40 37.71 | 43.69
APB 100.00 100.00 62.20 2651 12,74 66.38 25.00 11.22 37.31 35.71 | 47.34
Yi-34B-200K
FULLATTN | 100.00 100.00 49.00 5.83 17.57 47.60 2.00 18.77 25.13 28.00 | 39.39
MINFERENCE 100.00 100.00 52.40 719  20.07 6332 250 2540 28.17 31.40 | 43.05
STARATTN 100.00 100.00 2460 4.38 1971 60.26 0.00 23.40 28.17 21.14 | 38.17
APB 100.00 100.00 65.20 5.96 19.81 62.45 1.00 25.42 27.92 30.00 | 43.78

Table 1: The results of APB compared with all the baselines on coBench, where higher score represents better
performance. “Avg.” represents the average score. The highest score in each column is marked in bold. FULLATTN
represents FLASHATTN, RINGATTN, and ULYSSES, as their computational results remain unchanged.

Best Overall Performance on InfiniteBench



| Performance

FlashAttin: Vanilla; Ulysses, RingAttn: only SP; Minference: only sparse;

StarAttn: sparse + SP

Method | SG1 SG2 SG3 MK1 MK2 MK3 MV MQ VT CWE FWE QAl QA2 | Avg.
Llama-3.1-8B-instruct
FULLATTN | 99.40 99.80 99.60 98.20 87.60 67.00 94.65 98.00 60.98 7140 7220 7820 41.6 | 82.20
MINFERENCE | 100.00 98.60 99.00 9540 5820 23.80 8435 9570 6640 4594 74.67 67.80 38.80 | 72.97
STARATTN 100.00 99.60 99.60 9580 73.60 53.00 72.80 9445 5940 65.72 7653 6740 41.00 | 76.84
APB 100.00 100.00 99.80 8560 91.00 89.00 9505 9640 5196 63.82 77.33 70.00 41.20 | 81.63
Qwen-2.5-14B-instruct
FULLATTN | 100.00 99.20 99.80 9420 47.80 2720 75.10 94.60 89.52 93.88 76.13 6320 4340 | 77.23
MINFERENCE | 100.00 99.60 100.00 89.60 3260 694 6125 9329 8944 8436 7733 5660 4440 | 7195
STARATTN 100.00  99.20 9740 80.00 38.00 20.20 48.75 77.10 8244 9386 77.53 5280 38.00 | 69.64
APB 100.00 100.00 99.80 93.00 87.20 8580 66.55 93.00 9640 9494 7633 60.00 55.60 | 85.28
Yi-34B-200K
FULLATTN | 100.00 100.00 99.60 9520 76.00 5540 92.10 97.05 8556 51.84 8427 6520 50.00 | 80.94
MINFERENCE | 100.00 100.00 100.00 96.00 87.00 59.60 90.15 96.05 73.68 79.20 84.87 67.40 49.40 | 83.33
STARATTN 100.00 100.00 99.60 9320 7820 48.00 77.05 8835 8396 80.58 78.33 61.20 48.80 | 79.79
APB 100.00 100.00 100.00 92.80 88.00 92.60 86.05 9645 6048 88.46 84.53 63.80 52.20 | 85.03

Table 2: The results of APB compared with all the baselines on RULER, where higher score represents better
performance. “Avg.” represents the average score. The highest score in each column is marked in bold. FULLATTN
represents FLASHATTN, RINGATTN, and ULYSSES, as their computational results remain unchanged.

Best Overall Performance on RULER



| End-to-End Benchmark

oBench
Speed (103 tok/s)

RULER

Speed (103 tok/s)

FlashAttn: Vanilla; Ulysses, RingAttn: only SP; Minference: only sparse; StarAttn: sparse + SP
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APB Achieves best performance-speed balance!



Various Input Lengths

FlashAttn: Vanilla; Ulysses, RingAttn: only SP; Minference: only sparse; StarAttn: sparse + SP

_.90.0 A Py '§ 80.0 A
) n
S 2 200 @
> o 30.0 o 60.0
+ O
= m -
€ 80.0 o w
g — 20.0 A o 40.0 A
5 3 £
y— | o} 200 N
@ 70.0 © 10.0 3
o n £
T T T T T T T T T T o 0.0 ] T T T T T
32K 64K 128K 256K 512K 32K 64K 128K 256K 512K © 32K 64K 128K 256K 512K
Input Length Input Length Input Length
FullAttn StarAttn FlashAttn RingAttn StarAttn
Minference  —#— APB Ulysses Minference —#— APB FullAttn StarAttn —e— APB

Best performance Highest Speed Lowest Compute



| Wall-Time Breakdown Analysis

FlashAttn: Vanilla; Ulysses, RingAttn: only SP; Minference: only sparse; StarAttn: sparse + SP

FlashAttn

Minference

 cmms B zoams " QKV Projection
RingAttn B Retaining Head
| 152ms  Pam:s m=m Communication
Ulysses mmm Attention
mm O Projection
StarAttn

[ 42ms | 50ms | o

APB Others

5ms

Both faster Attention & faster FFN!



Ablation Studies

. All components are effective (1,2,4,6) > A * ¢ Q] EM
o | v v R v | 7200

* Anchor block is critical (6, 7) S A S B
3 v v Rd. X 66.00

 Removing passing block causes 8% 4 /X R/ | 6400
5 v X Rd. X 62.00

performance degredation (4, 5) ° x o/ RX | B

8 | X X Rd. X | 2200

« A good compressor is essential (2)

Table 3: Ablation studies of APB on E.MC. “A” and
“P” represent the anchor block and passing block. We

i implement the compressors C as the retaining heads R
|mp0rta nt (1 y 21 3) or random selectors “Rd.”. “Q” indicates embedding
the query in the anchor block.

 Putting the query in the front is



| Short context & Quantization

Method | RULER-4K | Speed(tok/s).
FLASHATTN 94.54 6247.58
APB 94.89 6597.47

Table 5: The task performance and inference speed
of APB and FLASHATTN on RULER, where context
length set to 4K tokens. We report the speed in “tok/s”.

Short Context Friendly

Method | Original (M)  Quantized (M-4bits)
FULLATTN 82.20 81.73
MINFERENCE 72.97 -
STARATTN 76.84 -

APB 81.63 79.13

Table 6: Performance of FULLATTN, MINFERENCE,
STARATTN, APB, and their quantized variants on
RULER-128K. “M” denotes the original method and
“M-4bits” represents its 4-bit quantized version. Since
MINFERENCE and STARATTN cause more degradation
than quantization, we skip their quantized versions.

Quantization Friendly



| Takeaways

* Reducing Computation + Enhancing
Parallelism

° APB iS an attention designed fOf' le4 32K 64K 128K 256K 512K mmm 1024K
sequence parallelism framework w/ SP

 APB achieves up to 9.2x, 4.2x, 1.6x

(0)]
=
S~
o
n
U

speedup compared with FlashAttn,
RingAttn, and StarAttn.

Prefill Speed (tok/s)
S

3
3
r

)
\ . “PKK“ ‘ e(\C,? Px_’(_(\ \ 5535 (Px_’(_(\ o WS
« Are we able to prefill 512K tokens in 15s7? GRS

* Yes!
« Theoretically: 7.53s

« Measured result: 13.39s < 15s (Unavoidable costs: synchronization, etc.)



| APB-V: Multimodal, Faster, Stronger

Can we use APB to accelerate multimodal models?

Can APB be even faster?

We are working towards it...

Distribute the computation of the ViT module evenly across all GPUs

Load Balancing by ZigZag

Optimize the pipeline to fully overlap communication and computation

Will release in early August!



Training Free

Frame Parallelism

Approximate |

ZigZag style APB for load balancing

Fused forward pass of document _
and query
Overlapping communication and e |

| APB-V: Multimodal, Faster, Stronger

PHost 0 PHost 1 PHost 2 PHost 3
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L Compress Compress Compress Compress
(A B, | B, [@] [A][B, [ B [Q] [A[B, |Bs Q] [A][B; | B, Q]
XL Layers XL Layers I Rea range XL Layers XL Layers
_ By B, B, (B; | [B,] [Bs]| [Bs] [B,] [Q]

[VHost 0 [VHost 1] [VHost 2] [VHost 3] [VHost 4] [VHost 5] [VHost 6] [VHost 7]

Context Split
r |ESYS! T Evifieo T ,| EQ |
Vis'ual \’—‘PH"“ o Vis'ual [ PHost 1] Vis'ual | PHost 2] Vis'ual [ PHost 3]
Encoder Enc?der Enc?der Enc?der
[ [ [ Y )

RS2 I ) A N e Y

computation

—hI merge ]

Computation [QQKZ,QH_l_hI B IBgH_l_hIqueryI A, By IBQH_]_
! N PrA P

-

7/

V2 -~

—
-

‘<.
~ A —

C

C
h

H
Communication [ B

T/B

2H—1—h Iquery] time




APB-V: Multimodal, Faster, Stronger

Method | 8-15s 15-60s 180-600s 900-3600s | Overall P.D.
InternVL3-2B
FULLATTN | 61.90 6744 54.61 50.00 | 55.35 -
XATTN 62.43 7151 53.40 48.58 5497  Yes Method e llaem'evz;lz e (l)rderinlgz . N E(,;ounlingl . Overall
SLOWFAST | 60.85 66.86 50.24 44.50 51.46 Yes i - Avg. - i Ve ~ ~ Ve
STARATTN | 63.49 66.86 52.91 48.40 54.30 Yes InternVL3-2B
APB 6190 67.44 55.83 48.76 5520  Yes FULLATTN | 90.00 90.67 36.00 7222 | 64.67 24.00 24.67 3778 | 40.67 4.67 28.67 24.67 | 44.89
APB-V 6243 67.44 54.85 49.82 55.42 No XATTN 90.00 90.67 38.00 72.89 | 5400 2333 1533 30.89 | 37.33 733 28.67 2444 | 42.74
Owen2.5VL-3B SLOWFAST | 48.00 56.67 32.00 4556 | 1533 6.67 8.67 1022 | 2467 533 2600 18.67 | 24.81
: STARATTN | 90.00 88.67 34.67 71.11 | 29.33 6.00 10.00 15.11 | 1800 6.00 22.00 1533 | 33.85
FULLATTN | 69.31  70.93 52.18 4379 | 53.47 & APB 89.33 8933 36.00 71.56 | 59.33 17.33 18.00 31.56 | 3333 3.33 2400 2022 | 41.11
APB-V 90.67 89.33 32.67 70.89 | 64.00 22.00 2133 3578 | 37.33 533 2667 23.11 | 43.26
XATTN 66.14  69.19 52.18 44.33 53.03 Yes owen2 .5VL-3B
SLOWFAST | 65.61 64.53 50.49 46.45 52.73 Yes .
STARATTN | 68.78 70.93 53.64 45.39 54.52 No FULLATTN | 90.67 84.00 48.00 7422 | 72.67 5133 3733 53.78 | 53.33 8.00 30.00 3044 | 52.81
APB 68.25 72.09 52.18 47.34 54.97 No XATTN 90.00 77.33 48.00 71.78 | 65.33 3933 2333 4267 | 36.67 10.00 2600 2422 | 4622
APB-V 68.25 7093 53.88 44.86 54.30 No SLOWFAST | 41.33 64.00 2533 4356 | 1200 10.00 12,67 11.56 | 23.33 533 28.00 18.89 | 24.67
STARATTN | 90.00 8333 46.67 7333 | 1867 10.67 1067 1333 | 2733 6.67 2733 2044 | 3570
Qwen2.5VL-T7B APB 90.00 82.67 44.00 7222 | 4733 2933 2200 32.89 | 4467 8.00 27.33 2667 | 43.93
APB-V 90.00 82.67 46.67 73.11 | 66.00 47.33 3333 4889 | 52.00 933 28.67 30.00 | 50.67
FULLATTN | 73.81 73.84 56.44 49.82 | 58.38 -
Qwen2.5VL-7B
XATTN 7249  73.84 57.77 47.52 57.59 Yes
FULLA 90.67 82.00 59.33 7733 | 7467 5933 5733 6378 | 54.67 1333 34.67 3422 | 58.44
SEOWHAST | e B S o) 20 i 204 Joe xlijL o 90.67 7933 60.00 76.67 l 70.67 5333 4467 5622 | 4733 1200 3200 3044 l 54.44
TTN X . X X . . X . . ) o X X
iTPA;ATTN ;‘5“1); ;ggz gggf ggf; gg%g ;{fs SLOWFAST | 4333 6933 4267 5178 | 1400 1200 933 1178 | 2200 933 2867 20.00 | 27.85
: ! - : : 0 STARATTN | 90.67 82.00 57.33 76.67 | 27.33 20.00 18.67 22.00 | 2533 1200 28.67 22.00 | 40.22
APB-V 7778 7442 ST 50.71 59.76 No APB 89.33 82.00 58.67 76.67 | 58.00 3533 36.67 4333 | 48.00 1133 3000 29.78 | 49.93
APB-V 90.67 80.67 58.00 7644 | 72.00 56.67 48.00 58.89 | 54.00 14.00 32.00 3333 | 56.22

Table 1:, LongVideo.BeI_ICh results of APB-V and‘fhe base; Table 2: VNBench results of APB-V and all the baselines. Higher score indicates better performance, and “Overall” stands for
lines. Higher score indicates better performance, “Overall the overall accuracy on the complete dataset. The highest score in each column is marked in bold.

stands for the accuracy on the complete dataset, and “P. D.”
represents performance degredation compared with FUL-
LATTN. The highest score in each column is marked in bold.

Training Free & Better Performance!



| APB-V: Multimodal, Faster, Stronger
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Figure 3: The relative speedup of APB-V and baselines compared to FULLATTN, evaluated across four input resolutions: 360p,
720p, 1080p, and 1440p. Note that InterVL3-2B resizes all inputs to 448 x448, so resolution has no impact on speedups.

Faster on all resolutions and length!
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