
Method

Key idea: route by input signal density before deciding how to compress 
visual tokens.

Why one-size-fits-all sparsification fails

Natural images
Sparse lines, glyphs and axes 
are structurally essential; 
losing a few tokens can break 
reasoning.

Charts / documents
Dense correlations; many 
background tokens can be 
removed safely.

Results
Pareto frontier on structure-sensitive tasks

AD-BTS maintains higher performance as speedup 
increases, especially for charts and OCR.

Introduction 
Token explosion in high-resolution MLLMs
• High-resolution visual encoders generate thousands 

of visual tokens per image.
• During prefill, attention cost scales as O((N+M)^2), 

causing latency and memory bottlenecks.
• Static pruning/merging assumes spatial redundancy 

and fails when key information is sparse.

Key idea: route by input signal density before 
deciding how to compress visual tokens.

Core Contributions
• Density-Aware Dual-Branch Sparsification. We 

introduce AD-BTS to treat token sparsification as 
dynamic resource allocation, balancing efficiency and 
structural integrity via a frozen selection branch and 
a compensatory fusion branch.

• Lightweight Gradient-Based Routing. We propose a 
parameter-free Gradient-based Routing Gate that 
identifies structure-sensitive inputs directly from 
pixel-level gradient statistics.

• Performance Breakthrough at High Compression. 
AD-BTS sets a new efficiency–accuracy Pareto frontier, 
consistently outperforming state-of-the-art baselines 
under 10–30% token retention with substantial prefill 
speedups.


