OBCache: Optimal Brain

Motivation

> Efficiency Bottleneck: KV cache memory in LLMs

grows linearly with sequence length & batch size,
creating a key bottleneck in long-context deployment.

> Attention-Only Heuristics: Existing KV cache eviction
methods mainly estimate token saliency using
cumulative attention weights, overlooking value states
and the true eviction impact on model outputs.

> Weak Theoretical Grounding: Recent KV scoring
mechanisms are often empirically driven, lacking a
principled theoretical framework for characterizing
how token eviction affects model outputs.

Contributions

> Structured Pruning View: Building on Optimal Brain
Damage (OBD) theory, we formalize KV cache eviction
as a layer-wise structured pruning problem, providing
a new theoretical framework for cache eviction.

> Output-Aware Saliency: We measure token saliency
from historical attention output perturbation, deriving
three second-order closed-form saliency scores that
generalize existing attention-only scores.

> Plug-and-play Score: OBCache can be seamlessly
integrated into any score-based KV cache eviction
pipeline to improve their long-context accuracy, while
incurring negligible additional overhead.

OBCache Is a Theoretically
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OBCache (output-aware) scores
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Effectiveness Analysis
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Experimental Results
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> True Eviction Error (unobservable) — Pruning-Induced Eviction Error (Proxy Objective)
| Attention-only scores )¢

> Exact Proxy (computationally infeasible) — OBCache scores |4
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Full KV 95.3 88.6
H,O 335 542 67.1 753 575 185 27.6 37.0 437 317 600 725 785 825 734 21.1 275 344 429 315
+ OBCACHE-V 377 57.1 68.6 760 599 19.6 282 365 449 323 627 735 804 843 752 200 277 367 460 32.6
+ OBCACHE-K 477 659 754 813 67.6 233 349 447 527 389 651 766 827 865 717 244 313 40.1 488 36.2
+ OBCACHE-V&K 463 67.5 756 820 67.8 233 354 464 547 400 660 768 830 867 781 249 319 40.6 49.5 36.7
TOVA 61.8 73.6 78.6 84.0 745 164 322 421 486 348 716 765 79.1 819 773 21.6 295 351 422 321
+ OBCACHE-V 649 748 80.0 854 763 188 346 443 507 37.1 723 769 799 832 78.1 223 309 36.8 440 33.5
+ OBCACHE-K 653 75.0 802 857 765 203 369 46.1 525 39.0 730 780 81.1 831 788 237 305 375 449 34.1
+ OBCACHE-V&K 655 753 80.1 858 767 215 37.0 460 523 392 727 779 814 832 788 237 309 37.8 447 343
SnapKV 564 71.5 788 83.0 724 194 342 445 534 379 692 789 832 860 793 245 31.1 39.0 479 35.6
+ OBCACHE-V 558 722 716 820 719 186 321 417 507 358 685 780 837 866 792 243 303 377 463 347
+ OBCACHE-K 59.7 740 792 829 739 241 389 483 57.0 421 694 788 83.8 866 79.7 260 32.1 388 480 36.2
+ OBCACHE-V&K 59.0 73.6 789 829 73.6 224 385 488 580 419 69.7 793 836 865 79.8 262 319 393 482 364
AdaKV 589 754 824 860 757 215 39.1 505 60.7 43.0 722 819 86.1 875 819 269 382 526 643 455
+ OBCACHE-V 662 814 860 87.6 803 239 490 619 709 514 765 854 877 88.6 846 303 46.1 609 724 524
+ OBCACHE-K 69.2 82.6 863 883 816 292 520 655 732 550 781 86.1 88.0 88.5 852 317 475 63.6 748 54.4
+ OBCACHE-V&K 70.1 8277 863 884 819 300 522 651 73.6 552 782 86.1 88.1 886 852 326 481 642 754 55.1
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Comparison of OBCache Scores:

o value score: simplest, minimal overhead.

o key-aware scores: more output-sensitive,
more accurate token saliency estimation.
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