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Method(Part I):  EDSG

Method(Part II): WCSG

Scalar Quantization struggles at low bitwidths Error Direction Sensitivity Guidance
Quantization error inevitably occurs, defined as

We introduce an alignment loss to geometrically constrain quantization errors:

Conclusion

Weight Channel Sensitivity Guidance
Channel sensitivity measured via Fisher geometry

Optimal Bit Allocation under Sensitivity-Aware Constraint

Performance Comparison of Quantization Methods on LLaMA under Low-Bit Settings

2. Channel Sensitivity Overlooked

 Clustering process of error projection along negative natural gradient direction

Ablation Experiment For RSAVQ

RSAVQ introduces a geometry-driven vector quantization framework that leverages error direction and 
channel sensitivity guidance to tackle extreme low-bit quantization in LLMs.

Experiments on LLaMA show state-of-the-art 2-bit performance, highlighting RSAVQ’s potential for 
efficient LLM deployment in resource-constrained environments.

It bridges information geometry with quantization by modeling parameter space as a Riemannian manifold, 
enabling principled error control and adaptive bit allocation.

Ablation Experiment For λ in EDSG1. Error Direction Sensitivity Ignored

Vector Quantization shows strong potential under 

ultra-low bits.

However, existing explorations of VQ for LLMs 

remain limited:

Limited study in ultra-low-bit regimes

Ignoring error direction & channel sensitivity.

Inefficient for real-world deployment.

On LLaMA-2 7B, ablation results show that

EDSG and WCSG improve 2-bit accuracy

from 53.90 → 56.10 → 58.69. Similar gains at

3-bit confirm both modules effectively reduce

quantization error under ultra-low-bit settings.

Ablation experiments show that RSAVQ achieves

the best trade-off between error reduction and

accuracy when **λ is tuned within \[0.01, 0.1]**,

a range that remains robust across models under

2-bit quantization.

Most quantization methods

assumeisotropicerror (Euclidean

view), ignoring that errors along

natural gradient directions have

verydifferentimpacts.

Current VQ and uniform quantization treat all weight

channelsequally,missingthe largevariance inchannel-wise

impactonloss.

 Channel sensitivity-driven channel grouping and bit assignment


