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Background: PEFT can amplify inherited bias

Phenomenon: Low-rank bottlenecks may amplify inherited bias and noise during 
downstream adaptation.

Goal: Mitigate catastrophic inheritance with a lightweight PEFT framework.



Failure Modes of Catastrophic Inheritance

Catastrophic inheritance typically appears in three forms.

Need: a lightweight PEFT solution that addresses all three failure modes.



BA-LoRA for NLU Tasks

1. Consistency Regularization 
(CR-NLU): Aligns the fine-tuned 
model with the pre-trained model 
via KL divergence.

2. Diversity Regularization (DR-
NLU): Reduces inter-class output 
correlation via covariance 
regularization.

3. SVD Regularization (SVDR-
NLU): Encourages low-rank and 
robust output representations via 
SVD.

Overall objective for NLU:



BA-LoRA for NLG Tasks

1. Consistency Regularization 
(CR-NLG): Aligns the fine-tuned 
model with the pre-trained 
model via KL divergence.

2. Diversity Regularization 
(DR-NLG): Promotes diversity 
within the Top-K candidate 
tokens.

3. SVD Regularization (SVDR-
NLG): Encourages low-rank and 
robust output structures via 
randomized SVD.

Overall objective for NLG:



Main Results

Goal: Compare BA-LoRA against strong PEFT baselines on both NLG and NLU benchmarks.
Setup: LLaMA-2-7B for NLG and DeBERTa-v3-base for NLU.
Takeaway: BA-LoRA achieves the best overall performance across both domains. BA-LoRA converges 
faster and reaches lower training loss.
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Why Does BA-LoRA Help?

Gain over 
PiSSA: +1.11

Gain over 
PiSSA: +3.26

Noisier pre-training:
BA-LoRA shows larger gains when 

inherited noise is stronger.

Imbalanced data:
BA-LoRA preserves clearer feature 

separation under severe imbalance.



Ablation and Efficiency

Ablation Study: All three regularizers 

contribute positively, and the full BA-LoRA 

model achieves the best overall performance.

Efficiency Analysis: BA-LoRA delivers strong 

gains with only modest additional memory 

and training time, achieving a favorable 

performance-cost trade-off.
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