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Motivation Multi-feature Quantized Attention Regularization

Contribution

• LLMs deliver strong NLP performance
• Still inherit and amplify social bias!
• Bias in LLMs: often encoded in self-attention 

representations, not only in training data
• Existing methods: retraining, fine-tuning, or single-

attribute assumptions

Real-world deployment demands a lightweight, multi-
attribute, model-agnostic debiasing approach

• Model-agnostic & fine-tuning-free
• A lightweight representation-level debiasing method 

for frozen LLM self-attention layers
• Deployment across BERT, T5, GPT-Neo, Mixtral, and 

LLaMA 3.2

• Mitigating multi-attribute bias
• Quantized autoencoder to addressing multi-feature 

regularization
• Joint debiasing of multiple protected attributes and 

intersections within a single module

• Maintaining semantics with adversarial regularization
• Removing biased information while preserving 

semantics
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Experiment on WinoBias Dataset
Proposed Method

Phase 1. training the quantized autoencoder and discriminator
• Quantized autoencoder for multi-feature latent representation
• Discriminator for sensitive feature classification
• Decoder for preserving original vector information Experiment on Downstream Tasks

Phase 2. regularization by discriminator
• Randomizing labels for the discriminator  removing sensitive feature information
• Adversarial learning with a discriminator and decoder

Strong duality holds for optimization
Theorem 4. If 𝜖𝜖1, 𝜖𝜖2, 𝜖𝜖3 > 0, then strong duality holds for the following optimization problem overdistributions 
p,e1,m:

min
𝑝𝑝,𝑒𝑒1,𝑚𝑚

𝐿𝐿 𝑠𝑠. 𝑡𝑡.𝐶𝐶1 < 𝜖𝜖1,𝐶𝐶2 < 𝜖𝜖2
Lemma 2 and Corollary 3. For any conditional distribution 𝑚𝑚, 

𝐼𝐼 𝑅𝑅;𝐴𝐴 ≤ �𝑚𝑚 𝑟𝑟 𝑧𝑧 𝑝𝑝 𝑧𝑧 𝑙𝑙𝑙𝑙𝑙𝑙
𝑚𝑚 𝑟𝑟 𝑧𝑧
𝑠𝑠 𝑟𝑟

≔ 𝐶𝐶1

𝐼𝐼 𝑅𝑅;𝐴𝐴 ≤ 𝔼𝔼𝕡𝕡 𝕣𝕣,𝕒𝕒 �log𝑝𝑝 𝑎𝑎 𝑟𝑟 ]− log 𝑝𝑝 𝑎𝑎 ≔ 𝐶𝐶2
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