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Preliminary
Quantization Error Reconstruction (QER):

• Approximates the quantization error (W − Q) with a low-rank term LR.
• Activation statistics can be incorporated via a scaling matrix S.
• LR is computed by SVD of scaled error S Eq(W) := S(W − Q)

Quantized Parameter-Efficient Fine-Tuning (QPEFT):
• Only the low-rank LR is updated for downstream tasks, keeping Q fixed.
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Is Quantization Error Sufficiently Low-Rank?
Problem:

• The scaled error S Eq(W) is often not low-rank.
• LR captures only a small portion of the error, resulting suboptimality
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Capture Low-rank First, then Quantize Residual
Structured Residual Reconstruction (SRR):

• Dominant directions are preserved explicitly.
• Quantization error remains small (only the low-energy tail is quantized).
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SRR vs. QER: When It Works and When It Fails
• SRR outperforms QER when activation-statistics are not used (S = I).
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SRR vs. QER: When It Works and When It Fails
• Performance drops when activation-statistics are applied (S ̸= I).
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Mismatch with Activation-Statistics
With activation statistics, quantization targets the component mapped back to
W-space, not the low-energy tail of SW.
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Adaptive Strategy: Select Aligned Directions
Only dominant directions in SW that are also important in W are preserved.
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Adaptive SRR Wins QER
SRR with the adaptive strategy outperforms QER in over 90% of cases under
optimal activation-statistics (QERA-exact1).

(a) Win-rate: fraction of layers with lower reconstruction loss than QER (3-bit, r = 64).

1Zhang, Cheng, et al, “Qera: an analytical framework for quantization error reconstruction.”, ICLR, 2025.
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PTQ results
SRR outperforms under various scaling matrices S.

(b) Perplexity (↓) on WikiText2 with 3-bit MXINT quantizer under two low-rank settings (r = 32, 64).
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PTQ in Iterative setting
SRR shows consistent gains across iterations.

(c) Perplexity (↓) on WikiText2 with 3-bit MXINT after i = 1, 5, and 10 reconstruction steps. SRR vs.
QER at ranks r = 32 and 64; best values in bold.
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Applying SRR to QPEFT
Fixed dominant directions; only residual subspace is updated.
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QPEFT results
SRR outperforms baselines on GLUE across various bit-widths.
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QPEFT results (Cont’d)

(d) GSM8K results for LLaMA-2 7B fine-tuned with PEFT under 4-/2-bit MXINT
(block size 16/32, rank 64). LoftQ and LQ-LoRA use 5 iterations. Best accuracy
in bold
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