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Vision LLanguage Model
language model (Vicuna v1.5 13B)
576 visual tokens < (] [ Y Y CIOCCE — ~40 text tokens
vision-language connector (MLP) tokenizer &
embedding
vision encoder (CLIP ViT-L/336px) .
User: what is
unusual about
this image?
Are all visual tokens necessary?
Improved Baselines with Visual Instruction Tuning, CVPR 2024. (LLaVA-1.5) 2
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Visual Token Compression

Text Token Visual-Text Attention

Visual Token ; ; |:> |

FastV ECCV'24

Visual
Encoder

CLS Token Visual Attention

Visual Token |:> - VisionZip CVPR'24

Tokens with high saliency scores (text/vision attention) are retained
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Motivation

Limitations of Saliency-Based Methods
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Our Results
® (ECOV24) Mooy A (\g\s/ilgg'zzig) - Ours
MME
91.2
POPE MMB
95.4
100
* Better Performance at same token budget.
* Token reduction while maintain performance.
98.7 94,2 GQA
SQA ' * Generalizability on LLaVA-1.5, LLaVA-NeXT and
Video-LLaVA.
97.2 197.8
TextVQA MMVet

96.1
SEED
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Coverage Analysis
Saliency Only Exhibits Low Coverage
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e

Saliency-based method captures dominant
information, it tends to overlook a substantial
amount of semantic content.
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[ LLM J Saliency-Coverage Oriented token Pruning for Efficient MLLMs (SCOPE)
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SCOPE i i Tt
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Reduce tokens before LLLM
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f(S) = Z C(u,S) = max sim(u, s)
= wey °€°
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[ LLM J Saliency-Coverage Oriented token Pruning for Efficient MLLMs (SCOPE)
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Token-coverage Gain A(fu; S) = f(S U {’U}) — f(S)

how much additional coverage is achieved by selecting token v.
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Coverage
SCOPE score A(’U, Ag; S) = A(’U; 8) AS Saliency

Integration of saliency and coverage gain.
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Method [GQA MMB MME POPE_SQA TextVQA SEED MMVet|  Avg.
R 1 Upper Bound, 576 Tokens (100%)
cSu tS on Vanilla (cvpr26) 619 647 1862 859  69.5 58.2 586  3l.1 100%

100% 100% 100% 100% 100% 100% 100%  100%

i %
LL aVA-l 05 7B 52.7 lgf.t;ln 119621';‘0@“684&;L % ’2702)3 52.5 57.1 271

FastV (sccv>24) 85.1% 94.6% 86.6% 754% 96.8% 902% 97.4% 89.7% e
576 625 1721 836 69.1 561 558 315
SparseVLM (10M1225) | 93 107 96 6% 92.4% 973% 99.4%  96.4%  952% 101.3% 96.5%
VisionZip cvomiasy | O3 630 1783 853 89 573 S64 317 98.0%
P 95.8% 97.4% 95.7% 99.3% 99.1%  98.5%  96.2% 101.9% :
PDrop (crerzs)! 571 632 1766 823 702 561 547 305 969%

922% 97.7% 948% 95.8% 101.0% 96.4%  93.3% 98.1%

60.1 63.6 1804 864 68.8 577 587 325

97.1% 98.3% 96.9% 100.6% 99.0%  99.1% 100.2% 104.5%
Retain 128 Tokens (| 77.8%)

49.6 561 1490 59.6 60.2 50.6 55.9 28.1

Ours 99.5% (1 0.5%)

FastV (sccv>24) 80.1% 86.7% 80.0% 69.4% 86.6% 869% 954% 90.4% 44%
560 600 1696 805 67.1 549 534 300

SparseVLM (101225) | g6 50 92795 91.1% 93.7% 96.5% 943% 91.1% 96.5% s

VisionZip (cvearzs) | 510 620 I7617 832 89 368 549 326 96.9%

P 93.1% 958% 94.6% 96.9% 99.1% 97.6% 93.7% 104.8% J%

PDrop (crerzs)! 56 611 1664 823 699 551 533 308 04.4%

90.5% 94.4% 89.4% 95.8% 100.6% 94.7% 91.0% 99.0%
59.7 625 1776  86.1 68.4 572 57.8 31.4
96.4% 96.6% 95.4% 100.2% 98.4%  98.3%  98.6% 101.0%

Retain 64 Tokens (| 88.9%)
46.1 48.0 1256 48 51.1 478 51.9 25.8

Ours 98.1% (J 1.9%)

FastV (sccv>24) 745% 742% 67.5% 55.9% 713.5% 82.1% 88.6% 83.0% 74.9%
527 562 1505 751 622 518 511 233

SparseVLM (1041225) | g5 10/ 8605 80.8% 87.4% 89.5% 89.0%  87.2% 74.9% 85.1%

VisionZip (awrmagy | 951 601 1690 770 690 555 522 317 93.5%
89.0% 92.9% 90.8% 89.6% 99.3% 954%  89.1% 101.9%

PDrop (cvemzs)! 419 333 1092 550 692 459 400 307 13.5%
67.7% 51.5% 586% 65.1% 99.6% 78.9% 683% 98.7%

583 61.7 1698  83.9 68.6 56.6 56.3 30.4

Ours 942% 954% 912% 97.7% 98.7% 97.3% 96.1% 97.7%

96.0% (| 4.0%)
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Method TGQA MMB _MME SQA TextVQA MMMU | Avg.
Results on Upper Bound, 2880 Tokens (100%)
. 642 679 1842 702 613 35.1
LLaVA-Next 7B Vanilla (cver:24) 100% 100% 100% 100%  100% 100% .
Retain 640 Tokens (| 77.8%)
603 657 1772 617 57.8 34.6
SparseVLM (10m>25) | o3 90 96805  962% 96.4%  943%  98.6% 96.0%
T 613 663 1787  68.1 60.2 347
VisionZip (cver'28) | 9550 97.6%  97.0% 97.0%  98.2% 98.9% 97.4%
619 662 1842 678 60.1 36.9 .
Ours 964% 975% 1000% 96.6%  98.0%  105.1% | 289% (L 1.1%)
Retain 320 Tokens (| 88.9%)
577 643 1694 673 55.9 34.4
SparseVIM (1m°25) | g9 90, 94795  92.0% 95.9%  912%  98.0% 93.6%
. 593 631 1702 673 589 353
VisionZip (cver'26) | oh 4o 9299  92.4%  95.9%  96.1%  100.6% 95.0%
610 659 1789 677 584 35.6
Ours 95.0% 97.1% 97.1% 96.4%  953%  101.4% | 01% (L 2:9%)
Retain 160 Tokens (| 94.4%)
512 63.1 1542 675 46.4 328
SparseVLM (1an>25) | 29 60 9299 837%  96.2%  75.7% 93.4% 86.9%
N 555 601 1630 633 562 36.1
VisionZip (cver'28) | g¢ ho 8859  88.5% 97.3%  917%  102.8% 92.5%
600 643 1700 674 56.8 35.6
Ours 935% 947% 923% 96.0%  927%  101.4% | 2o-1% (L 4.9%)
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Table 3: Performance comparison on Video-LLaVA. The
original Video-LLaVa’s video token number is 2048, while
our method only retains the 136 tokens.

Method | TGIF MSVD MSRVTT ActivityNet| Avg
Video-LLaVA | 471 698  56.7 431 [ 100.0%
PtV | o0m saas  saom 0w | 1%
SparseVLM 914.;?% 92?7'%% 53,.178/0 9‘;.236% 86.5%
VisionZip 9‘(1).26‘}% 961?6;; 951.295}% 93%)70 93.2%
Ours 13&3% 93?570 9?6.?% 1(;1:'29% 100.5%

Results on Video-LLaVA

Table 4: Ablation studies of the proposed method.

| GQA°' MMB MME POPE TextVQA
Random 55.5 54.0 1556 75.2 48.4
Saliency-only 55.0 60.8 1665 76.8 554
Coverage-only 58.1 60.8 1687 82.1 56.3
Ours 58.3 61.7 1698 83.9 56.6

Ablation Studies

Table 5: Efficiency analysis of our method on LLaVA-
NeXT 7B. The experiments are conducted on a system
equipped with 4x A100. A denotes the reduction ratio.

| Token Number | POPE  Latency (s) A

Vanilla 2880 86.4 601.9 .

PDrop 160 53.2 1840  3.3x

Ours 160 81.3 1888  3.2x
Efficiency Analysis
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Visualization of token pruning among different pruning strategies
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