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Preserve the acoustic heads and smooth noisy token scores - aggressive KV compression without long-form ASR collapse. MM '26

40% S 11

KV RETAINED ABS. ACCURACY DROP AUDIO-LANGUAGE MODELS ASR | ST | AQA BENCHMARKS
60% cache reduction Qwen3-Omni-30B Qwen + Gemma multilingual + long-form
Why audio needs its own KV policy ® AudioKV: align, allocate, smooth

Offline head identification; lightweight inference-time cache allocation and global spectral filtering.

1 Head specialization: only a small subset consistently grounds decoded words to audio.
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(b) Token Index
SSS redistributes selected tokens across the full acoustic sequence.
® Stable under aggressive compression ® Qwen3-Omni long-form ASR

Five LALMs - long-form and multilingual ASR - speech translation - retain ratios 0.8 / 0.6/ 0.4
97.8% accuracy at 40% KV retention | Full KV: 98.3%

Gemma-3n-E2B Gemma-3n-E4B Qwen2.5-Omni-3B Qwen2.5-Omni-7B Qwen3-Omni-30B-A3B-Instruct
LibriSpeech-long LibriSpeech-long LibriSpeech-long LibriSpeech-long LibriSpeech-long Qwen3-Omni-30B-A3B-Instruct - LibriSpeech-long
100 100 100 100 1001 ——
_ _ _ _ _ 100 @ruUILKV: 983 e —
X 75/ X 75/ X 75 S 75 2 s 4\ /
B’ g’ B’ B’ 5) - 60 - 97.8 at 40% retention
© 50 © 50 © 50 © 50 c 50 m
= = = = = =
2 2 2 2 z S \
o 25 o 25 Q 257 o 25 o 25 S %07
< < < < < >
©
0= § 0= (R | 1 0+, | | 01 | 1 3 40-
0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 3
Retain Ratio Retain Ratio Retain Ratio Retain Ratio Retain Ratio é
Gemma-3n-E2B Gemma-3n-E4B Qwen2.5-Omni-3B Qwen2.5-Omni-7B Qwen3-Omni-30B-A3B-Instruct 20°
LibriSpeech-Spanish LibriSpeech-Spanish LibriSpeech-Spanish LibriSpeech-Spanish LibriSpeech-Spanish —@= ALKV  —— H2O v PyraNNY
100 100 100/ 100/ 100 0- —#— AdakV SnapKV *
~ ~ ~ ~ ~ 80I% 60I% 4OI%
°:°; 751 Q\c, 751 § 75 Q\c, 751 § 75 KV retention ratio
2 2 2 2 2 Accuracy = 100 - WER on LibriSpeech-long.
© 50 © 50 © 50 © 50 c 50
i i =i i i
2 2 S 2 2
Q 251 Q 251 Q 25; Q 251 Q 251
< < < < < ‘
0L | 0L | 0L : 0L s 1 0L s I I
0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 Generallzes to AUdIO QA
Retain Ratio Retain Ratio Retain Ratio Retain Ratio Retain Ratio AudioKV score and gain over the best baseline at a 40% KV budget.
Gemma-3n-E2B Gemma-3n-E4B Qwen2.5-Omni-3B Qwen2.5-Omni-7B Qwen3-Omni-30B-A3B-Instruct
LibriSpeech-French LibriSpeech-French LibriSpeech-French LibriSpeech-French LibriSpeech-French
g\i 75 g\c, 75 é 751 é 75| &\i 5 |
S S 2 P S S-Alpaca
© 50 © 50 © 50 © 50 c 50
i i =i i i
= = = = =
8 25 - 8 25 - 8 25 - 8 25 - 8 25 - Llama-Q 75.0 +0.3 77.3 +0.6
< < < < <
0. = 0. ) 0L 5 0. i 1 0. ) ..
0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 0.8 0.6 0.4 S-Trivia 31.9 +1.3 42.2 +1.4
Retain Ratio Retain Ratio Retain Ratio Retain Ratio Retain Ratio
———= FullKV = SnmapKV —— AudioKV (without SSS) —+— SnapKV (with SSS) —— AudioKV S-Web 46.1 +0.8 5.5 +0.4
Competing methods frequently collapse at 40% retention; AudioKV remains robust across Qwen and Gemma. Four UltraEval-Audio tasks; Gemini 2.5 Flash judge.
Failure mode: repetition collapse ® SSS is robust - and costs no extra cache
A 232.62-second LibriSpeech sample with a 512-token KV budget.
Spectral smoothing remains effective across a wide parameter region Same memory budget
SnapKV WER = 93.62% AudioKV WER = 1.09%
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AudioKV preserves discourse-level constraints instead of entering a self-reinforcing repetition loop.
Takeaways
Allocate by acoustic relevance 02 Smooth globally, not locally 03 Avoid catastrophic collapse
: : : : : : : : : Across Qwen and Gemma, AudioKV converts tight KV budgets into reliable long-form
Word-aligned attention hits reveal which heads actually ground decoded speech. FFT-based SSS suppresses high-frequency noise while preserving global semantic trends. inferenc?e g g g
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