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Introduction

Algorithm 1 ZOO-Prune

1: Input: Vision tokens X € R™v*% projection M, number of tokens
to select k, step size h, number of perturbations m
. OQutput: Sclected token indices P
. % ——— [Z0OO0-based Sensitivity Estimation]
4: Sample m random perturbations U € R™*%
normalized to ||u;||2 = 1

Visual Token Pruning:

* VLMs suffer from visual token redundancy, leading to high inference cost
« Token pruning accelerates inference by discarding less informative tokens
with only modest drops in accuracy

Hybrid score for token selection ’

LLM > Z00-based Sensitivity Estimation:
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KDE of Spearman Rank Correlations of Token Importance

Z0 vs. First-Order (FO) Token Ranking

Existing pruning relies on: t-- \ , \ 5. Expand X along perturbations: X = X + hU, X~ = X — hU
[Sensitivity—aware diverse token selection]--' @ @ N\  Forwa rd-Only; NO gradlent requn’ed 6: Project perturbed features: Z* = M(X™), Z~ = M(X™)
] ] Bl e ————— e e e = . . _|__ —
o Attention SCOres, which can be unstable and biased 4 Selected tokens  Candidates 3 . P id tout : it : | 7. Compute finite-difference responses: A = %
. Diversity houristics. which ianore task relovan : rovides an output-aware importance signa 5 Sensitivity: (1) = £ 37 Ay
ersity nNeuristics, Ccn Ignore 1task reievance ##### Zero-th order gradient estimation 2 9: % —-—— [Semltwlty -Aware Diversity Selection ]
N
\ . S(z S
= M(x, + hu) | @ 10: Normalize sensitivities: S(7) = max_( ;(;)niiﬁn@ ;(j)
7 ' Projection layer M > i PR : : P itials ’ ’
', They fail to capture how tokens affect model outputs. ) 3 y a - > Sensitivity-Aware Diversity Selection: 11: Initialize P < 0
—————— i — X Tty 12: while |P| < k do
- - = - : PER ; : 13: Compute diversity: Div(z,P) = 1 — max,;cp cos(Z;, Z;
% This motivates a training-free, output-aware pruning strategy. SISISESIE — + Combines sensitivity and diversity et s e s DIV jep cos(Zi, Z;)
1 2 3 4 5 > Forward
to M o ' - 14: Fusion score: Score S(i) - Div(i
Question: Is there a nightstand under the computer monitor that is shown in the image? x; — hu,, x; + hu,, sensitive less sensitive Preserves Important and non redundant tOkenS 15 Select ( )S (()) ( ,73)
. . S : cleC ’L — arg max; >core(?
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~/— Z0O0-Prune (Ours) T T y N , tok turbed tok st _ 17: end while
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