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Observation
1. Distribution shift occurs after asymmetric binarization.
2. The optimization of binarization parameters 𝜇 and 𝛼 does not adequately 

reflect the real-world scenario, as it does not account for the input data 𝐗.
3. Row-wise binarization is not effective at handling column-wise deviations.

[1] BiLLM: Pushing the Limit of Post-Training Quantization for LLMs. ICML, 2024. 

Figure: BiLLM [1] with row-wise binarization smooths the deviations. Our 
ARB-RC with row-column-wise binarization effectively preserves them.

Figure: Top: distribution shift of one row. 
Bottom: distribution shifts of multiple rows.
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Overview
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Alternating Refined Binarization (ARB)
• 1st-order ARB

① Refine zero-point (compensate distribution shift): 
𝜇 ← 𝜇 + 𝛿! , where 𝛿! ≔ mean(𝐑)

② Refine scale:

𝛼 ←
1
𝑚𝐁"(𝐖 − 𝜇)

③ Refine binary matrix:
𝐁 ← sign(𝐖 − 𝜇)
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ARB with Calibration Data (ARB-X)
• Quantization Error

• weight-only: ℒ! = 𝐖− %𝐖 "
#

• weight-activation: ℒ# = 𝐖𝐗− %𝐖𝐗 "
#

, where 𝐗 ∈ ℝ$×&×' is a small calibration set.

• Reformulation of ℒ#
• Let 𝐒 = ∑(𝐗()𝐗( and 𝐑 = 𝐖− 𝜇 − 𝛼𝐁, where 𝐒 ∈ ℝ'×'.

• Then ℒ# = 𝐖𝐗− %𝐖𝐗 "
# = 𝐒, 𝐑)𝐑 " = Tr(𝐑𝐒𝐑)).

Decoupling is needed to 
avoid re-computation 

and save memory!

S𝐗
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ARB along Row-Column Axes (ARB-RC)
• 1st-order ARB-RC

⓪ Initialize binary matrix (unchanged):
𝐁 ≔ sign(𝐖)

① Refine row scale:

𝛼# ←
diag(𝐖 𝛼$𝐁 ")

diag( 𝛼$𝐁 𝛼$𝐁 ")
② Refine column scale:

𝛼$ ←
diag(𝐖" 𝛼#𝐁 )

diag( 𝛼#𝐁 " 𝛼#𝐁 )
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𝝏𝜶𝒓 = 𝟎

𝝏𝓛𝟏
𝝏𝜶𝒄 = 𝟎

BiLLM [1] (row-wise 
binarization)

ARB-RC (row-column-
wise binarization)

[1] BiLLM: Pushing the Limit of Post-Training Quantization for LLMs. ICML, 2024. 
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Column-Group Bitmap (CGB)

Ours

salient
column bitmap

non-salient
column bitmap

non-salient 
group partition

salient 
group partition

BiLLM [1]

group bitmap
(4096x128)

non-salient
columns

1 01 1 01

0 10 0 10

1 01 1 01

• Salient and Non-salient Weights (column bitmap)
• Hessian matrix is used to identify salient weights:

𝑠( =
𝑤()

𝐇*+
((
) .

• Columns with higher 𝑠 (salient columns) are 
quantized by 2nd-order binarization, while non-salient 
columns are quantized by 1st-order binarization.

• Sparse and Concentrated Groups (group bitmap)
• Both salient and non-salient weights are further 

divided into 2 groups by their magnitude:
𝐆𝐬 = 𝟏-𝐂𝐬"⨀𝐆, 𝐆𝐧𝐬 = 𝟏-𝐂𝐧𝐬" ⨀𝐆

[1] BiLLM: Pushing the Limit of Post-Training Quantization for LLMs. ICML, 2024. 
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Text Generation
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Q&A Datasets

• ARB-LLM outperforms binary PTQ methods PB-LLM and BiLLM.
• ARB-LLM also surpasses 2-bit quantization method GPTQ.
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Ablation Study
a) ARB-X and ARB-RC improve 

upon the base ARB.
b) CGB enhances the basic 

bitmap used in BiLLM.
c) Column bitmap and group 

bitmap in CGB significantly 
impact the performance.

d) ARB-X remains stable across 
varying calibration set sizes.

e) ARB-LLM performs well with
only a few iterations.

f) More groups lead to better 
performance.
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Time and Memory

• Quantization Time
• ARB-LLM requires only a few additional minutes, yet 

delivers significant improvements. 
• ARB-LLMX   takes more time due to the integration of 

calibration data.

• Compressed Memory
• Although CGB requires more memory due to more 

scaling factors, the combination of ARB-RC and CGB 
still results in lower storage requirements than BiLLM.
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Contribution

• We propose ARB-LLM, a novel binarization framework with theoretical analyses for LLMs.
• Based on ARB, we develop two advanced extensions: ARB-X and ARB-RC.
• We propose CGB, which improves the bitmap utilization and enhances the performance.

• ARB-LLMRC outperforms SOTA binary PTQ methods while requiring less memory.
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