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Uneven & heavy-tailed distributions in LLMs
expands the quantization range, thereby making the 
quantization for LLMs challenging.

Previous approaches remain heuristic and do 

not optimize the distribution across the entire 

quantization space.

The Quantization Space 

Utilization Rate(QSUR) of X is 

defined as the ratio of the 

quantization space 𝑉𝑆𝑿 to the

hypervolume occupied by 𝑿 :

➢QSUR exhibits a positive correlation with accuracy.
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From equation above, We find that:

1) QSUR is proportional to the product of the ratios 

of each eigenvalue 𝜆𝑖 to the largest eigenvalue 𝜆1

2) The maximum component of the eigenvector 𝑞1 is 

inversely proportional to QSUR.

➢Orthogonal & Scaling enhance QSUR.

Original Smooth Transform

Rotation Transform Smooth + Rotation

➢Use learnable OS equivalent transformation pairs to optimize the distributions.

➢ Use KL-Top loss function to focus
optimization on model’s main predictions.

𝑖𝑑𝑥𝑠 = top𝑘(𝒛)
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Equivalent Transformation Pair 𝑻 = 𝑨𝑸⊤, forward like:

𝑦 = 𝒬 𝑥𝑾1𝑶𝚲 𝒬 𝚲−1𝑶𝑇𝑾2

Optimization objective:

arg𝑚𝑖𝑛
𝑨𝑖,𝑶𝑖

ℒ ො𝑦, 𝑦; 𝑨𝑖 , 𝑶𝑖 , 𝜃

Initialization:

𝑶 = 𝑬𝑾𝑯 A = 𝑰

➢Speedup and Memory saving.

➢Ablation Study.

➢Performance across different tasks and models. ➢Distribution pre&after OSTQuant

Ablation on loss function

Ablation on methods of initialization

Ablation on different transformation matrices

➢Introduce QSUR as an effective metric and support it to guide optimization and method design.

➢OSTQuant: a fast and effective PTQ method helps quantization by optimizing distributions.

➢SOTA: shows strong performance, maintaining high accuracy even at extremely low bitwidths.
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