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Research Question

Our Goal: Design an adaptive connector between
LLMs and structures, enabling LLMs to reason
over diverse levels of structural complexity.

Core Answer

Cuttlefish selects instruction-related regions, grows
geometry-aware patches, and injects refined
structural evidence into the LLM.



Challenges and Research Gaps

Sequence-only and fixed-length grounding miss instruction-related geometry.
Dynamic selection is needed for entities of
varying sizes.

Instruction-Related Geometry

Locating instruction-related geometric
regions matters. The same entity may require
different structural evidence for different
requests and questions.

Sequence Inputs Are Not Enough

Without explicit geometry injection, LLMs
produce structural descriptions that are not
grounded in real coordinates.

Fixed Budgets Hide Detail

Q-Former-style connectors compress every
3D entity equally, losing critical geometry for
complex structures.
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Methodology

1. Select the Important Region

Instruction-conditioned gating selects anchor atoms by cumulative
probability mass.

2. Refine the Geometry Detail

Soft patch growth expands anchors spatially; patch tokens retrieve
geometry by cross-attention.
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Insight and Analysis

Mixed-modality tuning converges faster and more effectively than single-
modality tuning.

Cuttlefish remains stable for large entities; adaptive tokens
grow sublinearly compared with ChatNT.

Convergence

Mixed-modality tuning converges faster;
cross-entity chemical diversity improves
all-atom generalization.

Scaling Ability

As entity size increases sharply, Cuttlefish
maintains stable performance while the
baseline declines.

Token Efficiency

Adaptive tokens scale sublinearly compared
with ChatNT while preserving reasoning
capacity.
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Experiments and Results

Entity captioning performance is evaluated on four modalities from the GEO-AT dataset.

Geometry Grounding Is Essential

Augmenting any LLM backbone with Cuttlefish yields substantial
improvements, confirming structural grounding is necessary.

Unified Superiority

Cuttlefish achieves top-1 performance on most tasks across all
modalities, outperforming modality-specific models.
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Experiments and Ablation Studies

Matched-budget comparison: Cuttlefish outperforms fixed-length Q-
Former at every budget. Hallucination test: Cuttlefish achieves lower hallucination rates

across scenarios.

Adaptivity Drives Gains

At matched token budgets, Cuttlefish consistently outperforms
fixed-length Q-Former, isolating adaptivity as the key factor.

Hallucination Is Controlled

With adaptive multimodal alignment, Cuttlefish outperforms molecule
and protein LLM baselines for hallucination control.
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